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Executive Summary 

 

Green Virtual Enterprise Breeding Environments (GVBEs) are long-term strategic alliances of green 

enterprises and their related support institutions aimed at offering the necessary conditions (e.g. human, 

financial, social, infrastructural and organisational) to threefold support: (a) the evolution of their member 

enterprises to become Green Enterprises, (b) the rapid and fluid configuration of dynamic Green Virtual 

Enterprises as forward and reverse supply networks, and (c) the sharing and recycling of resources                        

by means of collaboration mechanisms such as: information, materials, water, energy and/or infrastructure 

(services) with the intention of achieving sustainable development in a collaborative way.  
  

This thesis aims to systematically demonstrate a toolkit development, outlining the necessary ‘ingredients’, 

or elements, for creating and managing a GVBE, where this GVBE achieves desirable systemic properties 

defined by a synergy of principles drawn from the Industrial Ecology (IE), Collaborative Networked 

Organisations (CNOs), Systems Theory (ST), and Enterprise Architecture (EA) disciplines. In doing so,            

it is hoped that the thesis will achieve the following goals: (A) The pragmatic goal of helping IE protagonists 

and CNO managers to create feasible GVBEs, and (B) The goal of identifying missing ingredients/elements, 

those that are necessary but not-yet available. 
   
The proposed GVBE toolkit included the following main reference artefacts (or models) – supporting                   

the GVBE lifecycle management: 

 A GVBE Reference Model characterizing the GVBE unique features and highlighting the synergetic 

opportunities between collaboration and sustainability practices. 

 A GVBE Reference (Modelling) Framework with five building blocks: (1) targets, (2) actors,             

(3) operating principles, (3) lifecycles and (5) technologies (systems and tools) to create and          

manage GVEs and their breeding environments. 

 A GVBE Reference Maturity Model with six GVBEs Evolutionary Models (viz. (1) Standard VBE, 

(2) Eco-labelled GVBE, (3) Environmental GVBE, (4) Eco-Efficient GVBE, (5) Industrial 

Symbiosis GVBE and (6) Eco-Industrial GVBE) and their Eco-Industrial Networking Strategies in 

10 domains (viz. materials; energy; transportation; marketing; human resources; I & C Systems; 

Environmental, Health and Safety; Production Processes; Quality of Life and Community; and 

Waste Management). 

 A GVBE RESOLVE Strategies Reference Model with six circularity strategies: Restore/Regenerate, 

Sharing, Optimise, Loop, Virtualise, and Exchange. 

 A GVBE Bag of Assets Reference Model with new suggested Circular and Sharing Economies 

business opportunities to be explored. 

 A F-GVE Reference Model (dynamic forward supply network) with sustainable manufacturing, 

logistics and consumption strategies for offering and delivering green products to the market in a 

sustainable way. 

 A R-GVE Reference Model (dynamic reverse supply network) with closed-loop networks strategies 

for recovering the products sold under the GVBE brand (product stewardship) for direct-use, repair, 

re-manufacture, recycle or safe disposal. 

 A GVE Broker Reference Model as a vital actor/role for the identification and/or development                     

of new circular and sharing economies within the GVBE and green (collaboration) business 

opportunities within the market/society. 

 A GSVE Reference Model as an advanced GVE model enabled by the next generation technologies 

corresponding to the Fourth Industrial Revolution or Industry 4.0. 
 

Finally, the GVBE toolkit was validated against the Sustainable Engineering principles, Circular Economy 

principles, Systems of Systems Engineering principles, and the Viable System Model sub-systems functions 

requirements to guarantee at ‘preliminary design level’ the viability and sustainability of a GVBE and                  

its GVEs.  
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1. Introduction  

 

1.1. Research Context and Origin of the Study 

 

Industrial Ecology (IE) stands for an important strategic area of study (or ‘discipline’) that promotes 

sustainable industrial development for enterprises and their related support institutions, by advocating 

unique collaboration opportunities that integrate ecological, economic and social considerations into             

the creation, operation and evolution of new or existing industrial networks (e.g., industry clusters, 

industrial districts, eco-industrial parks, etc.). IE attempts to understand the potential improvement                   

of industrial networks by using an analogy between natural ecosystems and industrial systems.                       

The uniqueness of these collaborations is that they aim to shift industrial production systems from                   

open-loop to closed-loop by evolving them from a linear to a cyclic production approach in order to reduce 

waste and pollution. This is also done in order to efficiently share and recycle resources within an industrial 

ecosystem, while at  the same time increasing economic gains and achieving sustainable development 

(Chertow, 1998) (Romero & Molina, 2010).  

 

According to O’Rourke (1996), “IE is currently a broad umbrella of concepts rather than a unified 

theoretical construct”. Consequently, some base concepts and definitions related to the IE discipline will 

be introduced for the purpose and scope of this thesis.     

  

Definition 1. An Industrial Ecosystem is an industrial system that uses the model (analogy) of a natural 

ecosystem in terms of material and energy flows, where waste equals food, and energy is cascaded along 

the food chain (Frosch & Gallopoulos, 1989). Moreover, an Industrial Ecosystem is an industrial system 

that includes all the components that are ensuring its ecological sustainability (Korany, 2014) (viz. 

recycling or so-called ‘round-put’ systems, diversity, locality and gradual change (Korhonen, 2001)).  

 

The IE discipline limits its scope to the study of industrial activities in relation to an industrial ecosystem’s 

sustainability. 

 

Definition 2. Industrial Ecology (IE) is the study of material and energy flows in industrial and consumer 

activities, including their effects on the environment, and the influences of economic, political, 

regulatory, and social factors on the flows as round-put systems (White, 1994). It offers a conceptual 

framework for analysing physical, chemical and biological interactions between industrial and 

ecological systems (Garner & Keoleian, 1995).   

 

The study of Industrial Symbiosis is part of the IE discipline, focused on capturing the analogy to natural 

ecosystems, where the term ‘symbiosis’ is understood in the biological sense, in which two unrelated 

species coexist by exchanging energy, materials or information for mutual benefit (Chertow, 2000).   

 

Definition 3. Industrial Symbiosis (IS) refers to the engagement of multiple firms from traditionally 

separate industries in a collective approach to competitive advantage, involving physical exchange of 

energy and resources (viz. materials, water and by-products) (Chertow, 2000). Moreover, IS engages 

diverse organisations in a collaborative network to foster eco-innovation and long-term culture change, 

creating and sharing knowledge, in order to obtain mutually profitable transactions for the novel sourcing  

of required inputs, value-added destinations (for non-product outputs) and enhanced business- and 

technical- processes (Lombardi & Laybourn, 2012). 

 

 

 

 



According to the definition given above, there is a need for a collaborative organisational approach to 

implement IE/IS strategies. In this sense, the study of Collaborative Networked Organisations (CNOs) 

represents a promising paradigm in manufacturing and service industries to help organisations cope with 

the challenges of turbulent market conditions in the context of ecological, economic and social pressures 

on the global industry, e.g., by adopting IE/IS strategies. CNOs show a high potential as drivers of 

sustainable industrial development by joining complementary capabilities and capacities of companies for 

creating products that are non-polluting, conserve energy and natural resources, and that are economically 

viable and socially rewarding for all stakeholders involved (Camarinha-Matos & Afsarmanesh, 2006) 

(Romero & Molina, 2010). 

 

Definition 4. A Collaborative Networked Organisation (CNO) is a joint endeavour consisting of a 

variety of organisations that are largely autonomous, geographically distributed and heterogeneous in 

terms of their operating environment, culture, social capital and goals, who collaborate to better achieve 

common or compatible goals, and whose interactions are supported by computer networks (Camarinha-

Matos & Afsarmanesh, 2006). 

 

Among the CNOs, one can distinguish two types, namely a) long-term strategic alliances or breeding 

environments and b) goal-oriented networks (Camarinha-Matos & Afsarmanesh, 2006). 

 

Definition 5. A Virtual Organisation (VO) is a “goal-oriented temporary alliance of (legally) 

independent organisations” (or enterprises, in which case the VO is called Virtual Enterprise (VE)) that 

come together to share skills or core-competencies and resources in order to better respond to 

collaboration (business) opportunities, and whose cooperation is supported by computer networks 

(Camarinha-Matos & Afsarmanesh, 2006). 

 

Definition 6. A Virtual Organisation Breeding Environment (VBE) is a long-term strategic alliance 

based on an association of organisations and a number of their related supporting institutions. VBEs 

observe a long-term cooperation agreement, and adopt common operating principles and infrastructures, 

with the main goal of increasing the preparedness of members to rapidly configure temporary alliances 

for collaboration in the form of VOs/VEs. Namely, when a business opportunity is identified by one 

member (acting as a broker), a subset of VBE members can be selected to form a VO/VE - as partners” 

(Camarinha-Matos & Afsarmanesh, 2006). 

 

The IE and CNO areas of study provide the promise of being able to develop a new interdisciplinary 

approach for enterprises to improve their competitive and environmental performance in terms of better 

managing their skills or core-competencies and resources (e.g. information, materials, energy, waste, and 

infrastructure). This would enable the enterprises in question to jointly realise sustainable industrial 

collaborative networks and pursue new green (collaboration) business opportunities.  

 

In the above scenario, collaboration is presented as a challenge and at the same time as an opportunity for 

enterprises to re-engineer their production processes and/or networks in order to eliminate/recycle their 

waste, so as to maximise returns per unit of resource consumed, as well as share/reduce their costs over 

limited natural resources (e.g. raw materials) and supporting infrastructure.  

 

Enterprises can thus also increase their business opportunities and profit by establishing long- or short-term 

strategic coalitions, as the case may dictate, in order to develop new competitive advantages (e.g. green 

products and processes), without compromising critical resources for the future (Romero & Molina, 2010). 

 

 

 

 



1.2. Objectives of the Study 

 

This thesis aims to systematically demonstrate a toolkit, outlining the necessary ‘ingredients’, or elements, 

for creating and managing a ‘Green Virtual Enterprise Breeding Environment’ (GVBE) (Romero & Molina, 

2010), where this GVBE achieves desirable systemic properties defined by a synergy of principles drawn 

from  the IE, CNOs, Systems Theory (ST), and Enterprise Architecture (EA) disciplines (Noran & Romero, 

2014). In doing so, it is hoped that the thesis will achieve the following goals:  

A. The pragmatic goal of helping IE protagonists and CNO managers to create feasible GVBEs, and 

B. The goal of identifying missing ingredients/elements, those that are necessary but not-yet available 

(i.e. not generally available, or available, but not in the desired form or quality that makes them 

usable in practice). 

  



2. Research Design 

 

2.1. Introduction 

 

This thesis describes an interdisciplinary research work bringing together contributing elements of               

the bodies of knowledge of Industrial Ecology (IE), Collaborative Networked Organisations (CNOs), 

Systems Thinking (ST) (particularly Systems Engineering and System of Systems), and Enterprise 

Architectures (EA) disciplines (Noran & Romero, 2014), in order to systematize the necessary knowledge 

for developing a toolkit for Green Virtual Enterprise Breeding Environment (GVBE) creation and 

management. 

  

2.2. Research Question 

 

The preliminary research question addressed by this thesis is as follows: 
 

Is it possible to facilitate the creation and management of Green Virtual Enterprise Breeding 

Environments by means of an organised set of concepts, methods and tools?  

 

2.3. Research Assumptions 

 

The assumptions that underpin the research paradigm to be followed are presented below in order to clarify 

the approach taken in this research thesis. This research employs Iivari’s (1991) definition of research 

paradigms being “the [collection of] basic assumptions underlying co-existent theories rather than the 

evolution of the social sciences”, and depending on these assumptions (discussed in more detail below), 

Iivari’s (ibid.) classified the research paradigms as illustrated in Fig. 1. 

 

  
Fig. 1. Classification of Research Paradigms (Iivari, 1991) based on                                                                                  

Burrell and Morgan (1979) and Hirschheim & Klein (1989) 

 

Furthermore, according to Iivari (1991) states that the subjective-objective dimension is an aggregate of 

four sub-dimensions: nominalism vs. realism (ontology), anti-positivism vs. positivism (epistemology), 

voluntarism vs. determinism (human nature), and ideographic vs. nomothetic (methodology) (see Table 1).   

 

Table 1 – Iivari’s (1991) Subjective-Objective Dimension 

 Ontology Epistemology Human Nature Methodology 

Subjective Nominalism Anti-positivism Voluntarism Ideographic 

Objective Realism Positivism Determinism Nomothetic 

 

Subjective

Objective

Regulation
Radical 
Change

Radical Humanist 
Paradigm

Radical Structuralist
Paradigm

Interpretive
Paradigm

Functionalist
Paradigm



The ontological and epistemological stances of this research are defined below in terms of these 

taxonomies, followed by the description of the research methodology. 

 

2.3.1. Ontological Assumptions 

 

The ontological stance taken by this research will determine the scope of the intended work and thus 

determine the elements of reality (and their relationships) that would be addressed by the thesis outcome. 

The dimensions of the ontological assumptions relevant for this Thesis are shown in Table 2 below. 

 

Table 2 – Dimensions of Ontological Assumptions (Iivari, 1991) 

I. The view of information/data. 

   • Data as descriptive facts vs. Constitutive meanings. 

II. The view of information/data system. 

   • Technical system vs. Organisational/Social systems. 

III. The view of human beings. 

   • Determinism vs. Voluntarism. 

IV. The view of technology. 

   • Technological determinism vs. Human choice 

V. The view of organizations and society 

   • Realism/Structuralism vs. Interactionism/Nominalism 

 

The next sub-sections will detail the ontological choices made in terms of the research question at hand. 

Note that Burrell and Morgan (1979) and Iivari (1991) advocate that adopting a particular epistemological 

view may bias the researcher towards a particular research methodology. This is taken into account in this 

Thesis as these choices exhibit some dependency on the epistemological stance adopted (see Section 1.3.2). 

 

2.3.1.1. View on Data: Constitutive Meanings, Partially Descriptive Facts 

 

In this thesis, for the purpose of building a toolkit synthetizing the mainstream concepts, methods and tools 

available to create and manage a GVBE, data is considered with a dual view:  

a) since data will be sourced from existing peer-reviewed literature in the body of knowledge of                     

the IE, CNOs, ST and EA contributing disciplines (Noran & Romero, 2014), which will make it 

possible to create a GVBE toolkit containing all relevant artefacts (viz. concepts, methods and 

tools) and their descriptions (ontologies) using established definitions (descriptive facts), while 

b) at the same time, the GVBE toolkit will have certain degree of subjectivity during its creation and 

utilisation, since it will be designed under the vision of its creator and interpreted by its users to 

create particular GVBE (models). Notably, the GVBE toolkit must be viewed under an agreed-

upon perception of reality by its users, which agree on its descriptive instructions (viz. concepts, 

methods and tools) to create and manage GVBEs. 

 

2.3.1.2. View of Information System: Technical and Organisational / Social System 

 

For CNOs/VBEs and Virtual Organisations (VOs) to facilitate the participation of CNO/VBE members and 

VO partners in taking advantage of collaboration opportunities, it is necessary to provide a set of automated 

or semi-automated functionalities and services. These provisions are intended to supporting the necessary 

technical and human activities and processes that can ultimately assist with the agile/fluid creation of VOs 

within a VBE, and as well as the management of the VBE itself. These functionalities and services define 

the existence of the following systems: 



 VBE Management Systems (Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 2009a) 

(Romero & Molina, 2009b) (Romero & Molina, 2010) (Romero & Molina, 2011b); 

 VO Creation Systems (Camarinha-Matos, et al., 2005) (Camarinha-Matos, et al., 2007) 

(Camarinha-Matos & Afsarmanesh, 2007b) (Camarinha-Matos, et al., 2008) (Camarinha-Matos, et 

al., 2009b) (Romero & Molina, 2009a) (Romero & Molina, 2009b) (Romero & Molina, 2010) 

(Romero & Molina, 2011b); 

 VO Management Systems (Karvonen, et al., 2004) (Karvonen, et al., 2005) (Ollus, et al., 2007) 

(Romero & Molina, 2009a) (Romero & Molina, 2009b) (Romero & Molina, 2010) (Romero & 

Molina, 2011b). 

 

Maintaining the CNO/VBE members’ and VO partners’ preparedness for collaboration/cooperation 

requires the management of various kinds of information in the VBEs and their VOs. The type of 

information to be maintained is dictated by the information need of the set of core-functionalities required 

to support the administration of a VBE and its VO, and detailed in Table 3 (Romero & Molina, 2009b).         

Note that Table 3 serves as an illustration of the kinds of functionalities and services, so the details listed 

in the table are not discussed in the present chapter. 

 

Table 3 – VBE & VO Integral Business Process Management Framework                                                 

(Adapted from (Romero & Molina, 2009b)) 
VBE Actors Management (Romero & Molina, 2009b) 

 VBE Memberships and Structure Management  
(Sitek, et al., 2007)  

(Romero, et al., 2008a) 

 VBE Profiling and Competency Management 

(Ermilova & Afsarmanesh, 2006) 

(Ermilova & Afsarmanesh, 2007) 

(Ermilova & Afsarmanesh, 2008) 

VO Creation Framework (Romero & Molina, 2009b) 

 Collaboration Opportunity (CO) Identification (Demšar, et al., 2008) 

 CO Characterization and VO Rough Planning (Concha, et al., 2008) 

 VO Partners Search and Selection 
(Baldo, et al., 2007)  

(Jarimo, et al., 2006) 

 Agreement/Negotiation Wizard 
(Camarinha-Matos & Oliveira, 2006)  

(Oliveira, et al., 2008) 

VO Management Framework (Romero & Molina, 2009b) 

 VO Initiation (Set-Up, Registration and Launching) 

Management 

(Karvonen, et al., 2004) 

(Karvonen, et al., 2005) 

(Ollus, et al., 2007) 

 VO Operation (Execution and Delivery) Management 

(Karvonen, et al., 2004) 

(Karvonen, et al., 2005) 

(Graser, et al., 2005) 

(Ollus, et al., 2007) 

(Westphal, et al., 2007) 

 VO Evolution (Exceptions) Management 

(Karvonen, et al., 2004) 

(Karvonen, et al., 2005) 

(Ollus, et al., 2007) 

 VO Dissolution (Inheritance Information) Management 

(Loss, et al., 2006b) 

(Loss, et al., 2006a) 

(Karvonen, et al., 2007) 

VBE General Management (Romero & Molina, 2009b) 

 VBE Strategic Management and Marketing Management 

(Sheth, 1994) 

(Park, et al., 1996) 

(Sturm, et al., 2004) 

(Camarinha-Matos & Afsarmanesh, 2006) 



 VBE Financial, Accounting and Resources Management 
(Romero, et al., 2007) 

(Romero, et al., 2008b) 

 VBE Governance Management 

(Romero, et al., 2006) 

(Romero, et al., 2007) 

(Romero, et al., 2010) 

(Rabelo, et al., 2014) 

 VBE Bag of Assets Management 
(Afsarmanesh, et al., 2007) 

(Romero, et al., 2015) 

 VBE Value System Information System 
(Romero, et al., 2007) 

(Romero, et al., 2008b) 

 VBE Ontology Management 
(Afsarmanesh & Ermilova, 2007) 

(Plisson, et al., 2007) 

 VBE ICT (Infrastructure) Management 

(Camarinha-Matos & Afsarmanesh, 2004) 

(Rabelo, et al., 2006) 

(Rabelo & Gusmeroli, 2008) 

(Rabelo, et al., 2008) 

(Rabelo, 2008) 

(Ruaro & Rabelo, 2016) 

 VBE Support Institutions Information Management (Romero, et al., 2006) 

VBE Horizontal Management Processes (Romero & Molina, 2009b) 

 VBE Innovation Management 
(Serrano & Fischer, 2006) 

(Camarinha-Matos & Afsarmanesh, 2006) 

 VBE Trust Management 

(Msanjila & Afsarmanesh, 2006) 

(Msanjila & Afsarmanesh, 2007a) 

(Msanjila & Afsarmanesh, 2007b) 

 VBE Performance Management 

(Camarinha-Matos & Abreu, 2005) 

(Romero, et al., 2007) 

(Romero, et al., 2008b) 

 VBE Decision Support Management (Afsarmanesh, et al., 2007) 

 

In this research, most of the Information Systems (IS) foreseen for the creation and management of                  

GVBEs and their GVEs will be a combination of technical and organisational/social systems, also known 

as socio-technical systems. This is because, for example, the human beings representing the GVBE 

membership applicants and GVBE member organisations, as well as GVE partners, will need to first 

communicate and agree on common working and sharing principles for sharing information, resources and 

responsibilities in order to prepare for cooperating in a GVBE and collaborating in multiple GVEs.                      

This would have to be done in order to jointly plan, implement and evaluate a program of activities to 

achieve common or compatible goals, and later on (during the initial communication process), agree on           

the use of common/interoperable collaboration technologies, and in some cases on the use of a 

collaborative business ICT infrastructure (Rabelo, et al., 2006) (Rabelo, et al., 2008) (Rabelo & Gusmeroli, 

2008) (Rabelo, 2008). These would be required in order to support the various negotiation and agreement 

processes during the various stages of life of the GVBE and GVEs lifecycles, and be used by the GVBE 

members and GVE partners to establish and manage their collaboration commitments.  

 

The IS(s) of the GVBEs and their GVEs will also need to exhibit both social and technological / 

organisational traits in order to support communication and information exchange between including 

human(s) to human(s), human(s) to machine(s), and machine(s) to machine(s). 

 

For the above reasons, the view on of Information Systems adopted in this thesis exhibits both technical 

and organisational / social characteristics. 

 

 

 



2.3.1.3. View of Human Beings: Voluntaristic with Deterministic Elements 

 

According to Camarinha-Matos & Afsarmanesh (2006), CNOs can be defined as a collaborative network 

consisting of a variety of organisations (and their staff) that are largely autonomous, geographically 

distributed, and heterogeneous in terms of their operating environment, culture, social capital and goals, 

but that collaborate to better achieve common or compatible goals, and whose interactions are supported 

by computer networks. A CNO’s main purpose is to promote the creation of VBEs, which can in turn set 

up in a timely manner VOs that can bid for collaborative projects whose competency requirements exceed 

those of any VBE member in isolation. 

 

This research takes a voluntaristic view of human beings (represented e.g. by the GVBE membership 

applicants and GVBE member organisations) since humans will need to make decisions about joining or 

not a given GVBE (by considering, for example: ‘What are the specific benefits that would be gained                   

by participating in a given GVBE?’, ‘How much would it cost to participate in a given GVBE?’, etc.),              

and later on continuously evaluate the balance between benefits and costs incurred relative to participating 

in a given GVBE, in order to decide on leaving, or remaining in the GVBE (Chituc & Nof, 2007).  

 

Nevertheless, these joining / leaving / remaining decisions will need to be made within a deterministic 

decision-making framework, including negotiation mechanisms contained in the GVBE membership 

applicants’ and GVBE member organisations’ governance models, as well as in the GVBE governance 

model (Romero, et al., 2006) (Romero, et al., 2007) (Romero, et al., 2010) (Rabelo, et al., 2014).  

 

These governance models include (but are not limited to): principles (e.g. honesty, trust and integrity, 

openness, performance orientation, responsibility and accountability, mutual respect, commitment to the 

GVBE, etc.), bylaws (e.g. rights and duties policies, membership policies, incentives, sanctions, security 

issues, ICT use guidelines, conflicts resolution policy, financial policies, amendments to bylaws, 

intellectual property rights, etc.) and rules (e.g. culture, ethical code, operational rules, etc.) (Romero, et al., 

2006) (Romero, et al., 2007) (Romero, et al., 2010) (Rabelo, et al., 2014). 

 

The choice of joining, leaving or remaining in a GVBE is fundamentally an individual organisational choice 

made by potential GVBE members. In addition, once an organisation is in as a GVBE member, there will 

be an additional element of determinism dictated by the GVBE governance model. Therefore, in this thesis, 

human beings are considered voluntaristic with deterministic elements. 

 

2.3.1.4. View of Technology: Deterministic with Human Choice Elements 

 

CNOs, and particularly VBEs/GVBEs as long-term collaborative networks, aim to create an adequate 

environment for the establishment of cooperation agreements, common operating principles and 

interoperable infrastructures and common ontologies, as well as mutual trust among others, – with                        

the objective of preparing their members to collaborate in potential VOs that will be established when a 

collaboration opportunity arises or is identified by a broker (Camarinha-Matos & Afsarmanesh, 2009).  

 

In this research work, technology (in its broad definition) is considered deterministic due to VBEs/GVBEs 

aim (by definition) to promote the adoption of common and interoperable collaboration technologies, 

supporting artefacts such as: 

 A shared governance model for regulating the behaviour of GVBE members and GVE partners 

(Romero, et al., 2006) (Romero, et al., 2007) (Romero, et al., 2010) (Rabelo, et al., 2014).  

 A common VBE and VOs management framework(s), including, but not limited to, business 

processes for: 

o VBE Actors Management (Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 

2009b) (Romero & Molina, 2010) (Romero & Molina, 2011b). 



o VOs Creation (Camarinha-Matos, et al., 2005) (Camarinha-Matos, et al., 2007) 

(Camarinha-Matos & Afsarmanesh, 2007b) (Camarinha-Matos, et al., 2008) (Camarinha-

Matos, et al., 2009b) (Romero & Molina, 2009a) (Romero & Molina, 2009b) (Romero & 

Molina, 2010) (Romero & Molina, 2011b).  

o VOs Management (Karvonen, et al., 2004) (Karvonen, et al., 2005) (Ollus, et al., 2007) 

(Romero & Molina, 2009a) (Romero & Molina, 2009b) (Romero & Molina, 2010) 

(Romero & Molina, 2011b). 

o VBE General Management (Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 

2009b) (Romero & Molina, 2010) (Romero & Molina, 2011b). 

o VBE Horizontal Management (Romero & Molina, 2009b). 

 A collaborative business ICT infrastructure (Rabelo, et al., 2006) (Rabelo, et al., 2008) (Rabelo & 

Gusmeroli, 2008) (Rabelo, 2008) (Ruaro & Rabelo, 2016) capable of providing support for 

different functionalities associated to five main types of interactions between GVBE members and 

GVE partners:  

o People to collaborate and negotiate,  

o Systems/services to execute and adapt,  

o Knowledge and information (at all levels) to be exchanged and retrieved,  

o Computing and human resources to be discovered and shared, and  

o Processes to be interconnected and synchronized.  

 

The view of technology expressed by Iivari (1991) is represented by a dichotomy, i.e. technology (such as 

the technology adopted by the GVBE) is either independent of human preference or it is a human choice. 

The author of this Thesis disagrees with this strict dichotomy, because GVBEs (and members thereof) as 

evolving entities have two diametrically opposed attitudes to technology: the operations of the GVBE and 

its GVEs would normally be determined by the technology standards of the day, but at the same time,                  

the GVBE would have to be actively involved in selecting future technologies it intends to espouse. Based 

on the previous arguments, in this Thesis technology is considered deterministic, however featuring human 

choice elements. 

 

2.3.1.5. View of Organisations: Interactionism with Structuralist Aspects  

 

The interactionist view of a CNO, such as a GVBE or a GVE, has a logical connection to the mainly 

voluntaristic view of human beings and the partially deterministic view of technology, since the GVBE 

membership applicant organisations, the GVBE member organisations and the GVE partners espouse the 

human attitude and intentions towards achieving collaborative endeavours (Rosas & Camarinha-Matos, 

2008) (Romero, et al., 2008a) (Rosas & Camarinha-Matos, 2010). However, human and technology choice 

needs to be to some extent deterministic in order to enable the reaching of a feasible common decision-

making framework, and to support the development of a shared governance model, used to facilitate 

negotiation towards reaching collaboration agreements.  

 

However, structuralist aspects must be also considered in the view of a GVBE and the GVEs it creates and 

operates, since once common operating principles and interoperable infrastructures, ontologies, etc. have 

been decided between GVBE members, a certain level of stability is required in order to mature the agreed 

working and sharing principles, build trust among GVBE members and GVE partners and also allow GVBE 

governance and management evolution. Furthermore, structuralist aspects allow a GVBE to develop                   

the collaboration maturity of its GVBE members to grow, while advancing the ‘green’ level of the GVBE 

operations in an orderly way (e.g. by means of maturity models (Romero & Molina, 2014b)). 

 

 

 

 



In summary, the ontological stance taken in this Thesis regarding the view of organisations is as follows:                                   

(a) interactionism due to the willingness and negotiations needed to collaborate as a pre-requisite                      

to actually create or join a GVBE, and (b) structuralist aspects, since once a collaborative model                           

has been agreed, the structure of that model would determine the collaboration, thus ensuring stability of             

the structure and governance of the joint endeavour. 

 

2.3.2. Epistemological Assumptions 

 

Burrell & Morgan (1979), cited in Iivari et al. (1998), define epistemological assumptions as being 

concerned with the nature of knowledge and the proper methods of inquiry, and distinguishing ‘positivism’ 

and ‘anti-positivism’ as two opposing stances.  

 

Positivism seeks “to explain and predict what happens in the social world by searching for regularities, 

causal relationships between its constituent elements” to Iivari (1991), whereas anti-positivism “maintains 

that the social world can only be understood from the point of view of the individuals who are directly 

involved in the activities which are to be studied” (ibid.). Burrell and Morgan (1979) interpret positivism 

as being characterised by the assumptions that a unified language of science is both desirable and possible, 

and that in principle, it is at least possible to separate facts from values in research.  

 

According to Iivari (1991), “Positivism seeks to explain and predict what happens in the social world              

by searching for regularities and causal relationships between its constituent elements”. It is assumed that 

the GVBE toolkit to be created will channel human activity by becoming a prescriptive framework on how 

to create and manage GVBEs. This emphasizes the positivistic aspect of the toolkit, which aims to contain 

all relevant artefacts (i.e. concepts, methods and tools) for guiding and supporting the creation and 

management of GVBEs. Nevertheless, GVBE toolkit users will be able to either recognise and accept                      

the toolkit as a prescriptive framework for the GVBE’s task-at-hand, or decide to added or remove other 

artefacts from the proposed GVBE toolkit according to their own interpretations and particular needs. 

 

For the above reasons, this research adopts a positivistic epistemological stance (since the toolkit aims to 

provide a coherent language of concepts, methods, and tools for the creation and management of GVBEs), 

however with elements of anti-positivism – since the toolkit will be always subject to interpretation during 

its utilisation by users that may have various educational backgrounds and training in the creation and 

management of GVBEs. 

 

2.3.3. Graphical Synthesis of the Researcher Stance 

 

As previously described, a clear delineation of the researcher stance in a particular area of the involved 

frameworks paradigms is not possible. Therefore, in the following, a main position is stated, however often 

complemented by elements of other viewpoints.  

 

Fig. 2 presents the positioning of the Researcher in terms of the Burrell and Morgan (1979) and Hirschheim 

& Klein (1989) Research Paradigm Framework. 

 



  
Fig. 2. Researcher Stance according situated in of Burrell and Morgan’s (1979)                                                                  

and Hirschheim & Klein’s (1989) Research Paradigm Framework  

In addition, Table 4 presents the stances in terms of Iivari’s (1991) Subjective-Objective dimension.  

 

Table 4 – Position of the researcher according to Iivari’s (1991) Subjective-Objective taxonomy 

(Legend: Bold=main position adopted; Italic=elements of the position present) 
 Ontology Epistemology Human Nature Methodology 

Subjective Nominalism Anti-positivism Voluntarism Ideographic 

Objective Realism Positivism Determinism Nomothetic 
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3. Research Methodology 

 

Table 5 positions the current research using Iivari’s (1991) classification of Information Systems (IS) 

research methods (choice shown in bold). 

 

Table 5 – Iivari’s Classification of IS Research Methods (1991) 
I. Constructive Research Methods: 

 Conceptual Development 

 Technical Development 

II. Nomothetic Research Methods: 

 Formal-Mathematical Analysis 

 Experiments (Laboratory & Field Experiments) 

 Field Studies and Surveys 

III. Idiographic Research Methods 

 Case Studies 

 Action-Research 

 

It is therefore argued that, within Iivari’s taxonomy, the Thesis will perform conceptual development work 

belonging to the family of constructive research methods, as because constructive research methods develop 

models and frameworks that aim to create a new reality (not necessarily having a physical realisation) rather 

than describing an existing one. 

 

Using a more elaborate classification provided by Järvinen’s (2000) work, this research can be positioned 

as conceptual-analytical work (see Fig. 3), which is also consistent with the ontological and epistemological 

choices made in Chapter 2. 

 

 
Fig. 3. Position of the Current Research in Järvinen’s Classification of Research Methods (2000)     

(selected approach in bold font) 

 

A particular difficulty with the present research lies in the fact that multiple disciplines have addressed 

aspects of sustainable (also called ‘green’ throughout this research) operation, typically using different 

languages. Therefore, the research has to also identify individual scientific disciplines’ contributions and 

‘translate’ them into the common language of the research framework adopted. 
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Thus, different disciplines, or different schools of thought within the same discipline use terms that are 

either, synonyms to be discovered, or homonyms that must be disambiguated. Hence, part of this problem 

seems to require an anti-positivist stance, according to which words must be interpreted in context, but such 

disambiguation is not about interpreting words to elucidate peoples’ perceptions and understandings in 

context, rather this is an objective positivist recognition that disciplines have their own terminologies, and 

therefore a mapping to a common language is needed (using a suitably selected theoretical framework). 

 

It is also important to present the results of this research in a way that will reduce the likelihood of 

misinterpretation by various audiences; therefore, the presentation of the results has to be in a form 

cognisant of the intended community. For the current research, the target is the Collaborative Networks 

(CN) scientific community; however, for the toolkit to be usable by GVBE managers coming from various 

backgrounds (e.g. industry vs. academia, different industrial sectors, disciplinary studies, etc.), further work 

is envisaged, so that the results are to be presented in the language of the end-users. 

 

3.1. Research Process 

 

 
Fig. 4. Research Methodology expressed as an IDEF0 (IEEE-SA Standards Board, 1998) Activity Model 

of the Research Process (mechanisms omitted for clarity, with Chapters mapped on activities) 

 

Fig. 4 represents an activity model of the research process, outlining the sequence of tasks to be performed.  
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As shown in the Fig. 4, based on the research question (Section 2.22.2) and critically reviewed research 

paradigms, Section 2.3 has made ontological and epistemological assumptions and has selected are 

underlying the research methodology to be followed. These selections, together with the research question, 

help the researcher to select the part of literature that needs to be reviewed in order to identify                                    

the contributions of various disciplines to the body of knowledge on creating GVBEs. The literature review 

will also be used to identify a suitable framework for systematizing VBE and GVBE knowledge.  

 

Given the research question, the selected framework and the choice of research paradigm, it is then possible 

to identify reference models from literature, which, after critical assessment, systematisation and validation 

using a conceptual analytical research method, can be reused and specialised in order to form the basis of 

structuring a GVBE toolkit. The research will conclude with the discussion of the findings as well as the 

discussion of the limitations and by identifiable gaps that exist in the developed toolkit, and will describe 

further work necessary. 

 

Note that in reality the tasks shown in Fig. 4 are not performed in a strict sequence; for example,                         

the literature review on CNO reveals that the modelling frameworks suitable for designing/architecting 

GVBEs are interrelated (namely GERAM & ARCON). In addition, while the research question informs         

the selection of the research paradigm, the selection constitutes the set of the choices explained in Section 

2.3.3. Note that these decisions are not necessarily made in strict sequence: for example, based on                           

the selected research paradigm and selected research framework the research question might have to be 

modified or made more precise.  

 

3.2. Research Strategy 

 

In accordance with the research process described in Section 3.1 (see Fig. 4), the research strategy adopted 

in this thesis considers at the general level the GERAM (Generalised Enterprise Reference Architecture 

and Methodology) enterprise architecture framework (IFIP-IFAC Architectures for Enterprise Integration, 

2003), which is the base of the international standard for architecture frameworks in manufacturing 

industry: ISO15704:2000, and as a specialised framework for CNOs, the ARCON (A Reference modelling 

Framework for Collaborative Networks) framework (Camarinha-Matos & Afsarmanesh, 2007a), which, 

based on the literature review conducted is the most accepted reference modelling framework in the 

Collaborative Networks (CN) scientific community for identifying the set of components required in 

enterprise engineering of networked enterprises (in this case, a GVBE). 

 

The notion of GVBEs has been contributed to by multiple disciplines (Noran & Romero, 2014); thus, from 

the viewpoint of CNs and IE the notion of GVBEs emerged as a natural concern of the CNs discipline with 

sustainability issues, and particularly in collaborative closed-loop supply networks and other green 

collaboration strategies. On the other hand, GVBEs have appeared as a result of the IE discipline interest 

in collaboration concepts, methods, models and tools that have been in development by the CN discipline 

for implementing green collaboration strategies such as industrial symbiosis (Chertow, 2000) or any of the 

5Rs strategies (repair, re-manufacture, recycle, re-use and re-generate), in an emerging Circular Economy 

(Ellen MacArthur Foundation, 2012).  

 

The consideration of a GVBE approach as a CNO in the IE discipline aims to offer GVBE members                       

the opportunity to collaboratively optimise resources utility and create closed-loops, while at the same time 

opening new possibilities to explore green (collaboration) business opportunities in the green, circular and 

sharing economies that would not be possible, or would incur in a higher cost if attempted individually. 

Meanwhile, the consideration of a GVBE approach for the implementation of industrial symbiosis and/or 

circular systems in the CNs discipline aims to create opportunities to share/exchange information, materials, 

water, energy and/or infrastructure (services) in order to increase economic gains and achieve sustainable 

development (Romero & Molina, 2010) (Romero & Molina, 2011b). 



The research strategy also considers the engineering principles and requirements of two other scientific 

disciplines (Noran & Romero, 2014), namely Systems Theory (including Systems Engineering  and System 

of Systems) (ST / SE / SoS) (Maier, 1998) (Keating, et al., 2003) (DeLaurentis & Ayyalasomayajula, 2009) 

(Sopha, et al., 2010), and Enterprise Architecture (EA) (Gartner Research, 2012) in order to engineer a 

GVBE toolkit. These disciplines facilitate a modelling process through the provision of guidelines and 

minimum standards on how to build appropriate systems (here, a GVBE) and models (here, a toolkit), and 

how to identify the common characteristics of networked enterprise systems such as a GVBE, including 

their targets, actors, operating principles, lifecycle phases, supporting technologies, modelling views, etc. 

For the above reasons, these disciplines can assist in creating comprehensive representations of                              

the characteristics and elements common to all aspects of a GVBE relating to its creation and management. 

 

To summarise, the research strategy will use a (combination of) the GERAM and ARCON frameworks                

as a checklist for developing a GVBE toolkit, i.e., the scope recommended by the international                         

standard ISO15704:2000 and accepted practices of the CN scientific community, as well as following                    

the engineering principles of Systems Engineering and Enterprise Architecture. 

 

The envisaged toolkit is a synthesis (which is intended as the main result of the current work) of building 

blocks that have been previously developed (many of these by the author of this thesis). There exist many 

possible ways for the validation of this toolkit, each with its advantages and disadvantages.  

1. Action research conducted by the researcher in the frameworks of a project that is intended to 

develop a GVBE. Such method could be desirable, but it is hard to know to what extent it will be 

possible to generalise the learnings of a single project (that may take years to set up and implement). 

2. Review by an expert panel (the usual methodological instrument in ‘design science’). This method 

has the advantage that it could potentially unearth aspects of GVBE creation that were overlooked 

in the selected architecture frameworks. However, due the method may have significant bias 

depending on how the selection of the experts is conducted, and is very difficult to implement in 

this case. This is because the experts who are qualified to assess the toolkit would need to be both 

very familiar with the EA & CNO disciplines and at the same time be very familiar with                           

the pragmatic side of industries that could be candidate users. For this reason, this method of 

validation is deemed too difficult to implement.  

3. Mapping of the toolkit (and its elements) against an accepted reference model that is specifically 

addressing the scope of management of enterprises that are sustainable (and therefore viable on           

the long-term). The reference model most widely acknowledged to cover this scope is the Viable 

Systems Model (VSM) of Stafford Beer (1985) (Hoverstadt , 2009). This method of mapping is 

feasible and is consistent with the general approach of the thesis, namely such validation is also 

using a conceptual analytical method throughout. Therefore, this method is selected for validating 

the toolkit. At the same time, it is acknowledged that this validation method has its limitations, 

namely eventually a methodology is best grounded in reality; in other words, multiple validations 

in real life scenarios would be better. 

  

  



4. Literature Review 1 

 

In the following subsections, the literature review will focus on describing the main disciplines and artefacts 

needed to synthesis and systematise a toolkit for the creation and management of Green Virtual Enterprise 

Breeding Environments (GVBEs). 

 

Today’s industrial practices require new and sustainable industrial development models. Thus, manufacturers 

and service providers require new operational models to respond to a growing market segment of ‘green’ 

consumers, and government authorities encompassing new legislations and legal measures for environmental 

protection. As a result, new frameworks and models are needed to restructure the industrial landscape so 

that the ecological viewpoint is fully addressed (Romero & Molina, 2011b) (Noran & Romero, 2014) 

 

4.1. Industrial Ecology 

 

Sustainable industrial development is seen as a holistic scenario of industrial development with political, 

economic, social, cultural, technological, legal and environmental dimensions and/or implications. This 

form of needed industrial development is characterised by a harmony of different contributing disciplines 

to achieve sustainable industries. In this sense, Industrial Ecology (IE) as a multi-disciplinary discourse and 

discipline based on a systematic approach towards sustainability, including contributions from political, 

economic, socio-cultural, environmental and technological sciences, offers the proper conceptual framework 

for understanding the functioning of eco-industrial networks such as GVEs and their breeding environments 

and the role of the emerging green marketplace. IE seeks to provide new environmental management 

practices based on industrial systems that operate according to natural ecosystem models (Allenby, 2006). 

Furthermore, IE aims to support the holistic implementation of sustainable industrial development by 

offering specific practices to optimise the use of resources, close material loops, minimise emissions, 

dematerialise activities and reduce or even eliminate the dependence on non-renewable sources of energy 

(International Society for Industrial Ecology, 2013) (Noran & Romero, 2014). 

 

IE embodies the paradigm shift from a linear industrial model where resources move through the system     

to become waste, to a new integrated and cyclic industrial eco-system optimising systematically all kind of 

resources flows (e.g. materials, water, energy, waste, by-products, information, etc.) to up-cycle and down-

cycle them as inputs for new processes, so under-utilisation of resources can be avoided and therefore 

reduce the dependency on non-renewable natural resources (International Society for Industrial Ecology, 

2013)  (Noran & Romero, 2014).  

 

Industrial eco-systems (also known as ‘industrial symbiosis clusters’ (Chertow, 2000)) are in fact complex 

systems featuring a large number and variety of autonomous and geographically distributed entities that 

possess combinations of interrelated, interdependent and/or interactive components within their ‘techno-

sphere’ (man-made technological systems such as: factories at micro-level, industrial value chains and 

networks at meso-level and industry clusters at macro-level) and their ‘biosphere’ (natural ecosystems) 

(Romero & Molina, 2012) (Noran & Romero, 2014). 

 

While both natural and industrial symbiosis are complex systems, industrial symbiosis needs to be designed 

and managed by people, who need to employ a systematic approach in order to better understand the full 

design and managerial implications of their decisions in the process of creating true industrial eco-systems 

(Sopha, et al., 2010) (Noran & Romero, 2014). 

  

 

                                                           
1 This review was also part of (Noran & Romero, 2014), a refereed article (see Appendix) published by the author during his candidature. 



When developing industrial eco-systems such as GVBE from an industrial symbiosis perspective, Heers et 

al. (2004) and Mirata (2005) propose:  

 A technical domain, in terms of technically feasible exchanges of in- and out-streams;  

 An economic domain, related to economically sound exchanges;  

 A political/regulatory/legal domain caused by environmental laws and regulations;  

 An informational domain promoted by the need of data and information for better decision-making 

and collaborative process orchestration; and  

 An organisational/institutional domain to deal with various collaborative and environmental 

corporate maturity levels.  

 

4.1.1. Eco-Industrial Chains, Networks & Industrial Ecology 

 

Eco-Industrial Chains (EICs) represent a set of value activities specific to a certain series of interrelated 

products or services, aiming to maximise sustainable value2 creation and capture over the entire product 

lifecycle based on a triple top-line3 strategy. EICs aim to develop new opportunities for sustainable value 

creation and capture within an industrial ecosystem in where feedback cycles of resources → products → 

renewable resources take place in order to create new forms of value; capture the value missed in under-

utilised assets and resources, and material, energy and waste streams; and reducing or eliminating the value 

destroyed by avoiding the depletion of non-renewables, environmental damage and negative social impacts 

(Guo & Xie, 2012) (Short, et al., 2013) (Noran & Romero, 2014). 

 

Eco-Industrial Networking (EIN) strategies support the creation of collaborative networks, based on EICs, 

between different entities (e.g. manufacturing and service businesses) to use in a more eco-efficient and 

effective way their core-competencies and resources by looking into opportunities for potential symbiotic 

and synergistic relationships and exchanges. EIN opportunities can be found in all sizes and types of 

operations, physical and virtual, in which information, materials, water, energy and/or infrastructures are 

utilised and/or transformed (LeBreton, et al., 2004) (Noran & Romero, 2014). 

 

EIN represents an application of the principles of Industrial Ecology (IE). IE focuses on “eco-restructuring” 

the industrial processes and systems towards a sustainable mode of operation by optimising the use of 

resources; closing material loops and minimising emissions; dematerialising activities; and reducing and 

eliminating the dependence on non-renewable sources of energy (Erkman & Ramaswamy, 2006). IE goal 

is to improve all industrial entities eco-efficiency performance by collaboratively seeking a collective 

benefit that is greater than the sum of the individual benefits each industrial entity would realise if it 

optimised its individual performance only (Lowe, 2001) (Noran & Romero, 2014). 

 

4.1.2. Lifecycle Thinking 

 

Lifecycle Thinking (LCT) is an important principle of IE. It seeks to identify possible improvements                   

to products, services and processes in the form of lower environmental impacts and reduced use of resources 

across all lifecycle stages, avoiding at all times burden shifting solutions. LCT involves looking at a product, 

service or process lifecycle generated impacts and ways to minimise these impacts. Commonly used 

approaches are (European Commission, 2011) (Noran & Romero, 2014):  

 

                                                           
2 Sustainable value is the long-term shareholder value created as a scalable source of competitive advantage by embracing opportunities and 

managing the risks/benefits associated with their economic, environmental and social developments (Short et al., 2013). 
3 A triple top-line strategy establishes three simultaneous requirements for sustainable activities: financial benefits for the enterprise, natural world 

betterment, and social advantages for employees. Though this is sometimes called the triple bottom-line, triple top-line stresses the importance of 
initial value rather than after the fact effects (Tueth, 2010). 



 Environmental Lifecycle Assessment (E-LCA) – approach that looks at environmental impacts that 

occur through the lifetime of a product, service or process;  

 Lifecycle Costing (LCC) – approach employed to have a total cost analysis of a process or a system 

in order to find most cost-effective means for providing a product or service;  

 Social Lifecycle Assessment (S-LCA) – approach applied for evaluating the social aspects of 

products/services, and their impact on their stakeholders, during their lifecycle; and  

 Lifecycle Management (LCM) – approach used to understand and analyse the lifecycle stages of 

products, services and processes and identify potential economic, environmental and social risks 

and opportunities to act upon  

 

4.1.3. Cleaner Production 

 

Another important IE related principle is Cleaner Production (CP), which encapsulates LCT. It refers to 

the continuous application of an integrated preventative environmental strategy to processes, products, and 

services to increase overall efficiency, and reduce risks to humans and the environment. CP can be applied 

to the processes used in any industry, to products themselves and to various services provided in society 

(United Nations Environment Program, n.d.) (Noran & Romero, 2014): 

 For processes – CP results from conserving raw materials, water and energy; eliminating toxic and 

dangerous raw materials; and reducing the quantity and toxicity of all emissions and waste at 

source during the production process;  

 For products – CP aims to reduce the environmental, health and safety impacts of products over 

their entire lifecycles, rom raw materials extraction, through manufacturing and use, to the disposal 

of the product, and 

 For services – CP implies incorporating environmental concerns into designing and delivering 

services.  

 

4.2. Collaborative Networks  

 

The Collaborative Networks (CNs) discipline focuses on the structure, behaviour, and evolving dynamics                  

of networks of autonomous entities that collaborate to better achieve common or compatible goals 

(Camarinha-Matos & Afsarmanesh, 2005). 

 

Collaborative Networked Organisations (CNOs) represent a promising paradigm in manufacturing and 

service industries to help sustainability-concerned organisations cope with the challenges of turbulent 

market conditions in the context of ecological, economic and social pressures on the global industry.        

CNOs show a high potential as drivers of sustainable industrial development by joining members’ 

complementary green capabilities and capacities for creating products and services that are non-polluting, 

conserve energy and natural resources and that are economically viable and socially rewarding for all 

stakeholders involved (Camarinha-Matos & Afsarmanesh, 2006) (Romero & Molina, 2010). 

 

During the last years, various manifestations or variants of CNs have emerged in different domains                      

and application environments; as recognised by Camarinha-Matos and Afsarmanesh (2012) in their 

’Taxonomy for Collaborative Networks Forms’, one of those manifestations applying the concept of 

Collaborative Networks in the domain of sustainability are the “Green Virtual Enterprises and their                   

Green Virtual Enterprise Breeding Environments” (Romero & Molina, 2010), concerned with the 

development of sustainable industrial development models, including variants for dynamic green supply 

networks, forward and reverse (cf. Green Virtual Enterprises (Romero & Molina, 2013) (Romero & Molina, 

2014a)), and virtual eco-industry clusters (cf. Green Virtual Enterprise Breeding Environments (Romero & 

Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012)).  

 



Achieving a truly sustainable industry is only possible through a wide collaboration among a multitude              

of stakeholders as the magnitude of changes required exceeds the capability of any individual enterprise.               

 

This is because enterprises need to develop changes in their business models (e.g. change product designs, 

change business model itself, change business processes, acquire or change production resources in light                           

of a green (collaboration) business opportunities that are promising), provided that a number of other 

enterprises commit to collaborate (Camarinha-Matos, et al., 2010) (Romero & Molina, 2010) (Noran & 

Romero, 2014). 

 

For this reason, the concepts, ontologies, models, frameworks, methods, systems and tools developed in   

the Collaborative Networks (CN) discipline can be utilised in the engagement and interplay of stakeholders 

involved in a sustainability effort. (Camarinha-Matos, et al., 2010) (Romero & Molina, 2010) (Noran & 

Romero, 2014). Examples of such CN-specific artefacts include: 

 Basic infrastructures and collaboration tools to support potentially heterogeneous, distributed and 

autonomous entities to collaborate and negotiate, their systems/services to execute and adapt, 

knowledge and information (at all levels) to be shared and exchanged (as a basis for informed 

decision-making), computing and human resources to be discovered and shared, and processes to 

be interconnected and synchronised (e.g. collaborative business processes) (Rabelo, 2008); 

 The notion of community, as implicit in VBEs, as long-term strategic collaborative networks 

(strategic alliances) established with the purpose of providing the necessary conditions (e.g. human, 

financial, social, infrastructural and organisational) for the establishment of cooperation agreements, 

common operating principles and interoperable infrastructures, common ontologies and most 

importantly, trust among their members, since mutual trust building typically takes time, effort and 

dedication.  

 Management frameworks and governance models to support the necessary activities and (business) 

processes, including the processing of information/knowledge needed to effectively create, operate 

and evolve a CNO (e.g. a reference model (Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-

Matos & Afsarmanesh, 2008)), as well as the provisioning of a set of automated functionalities and 

services for proper running of a VBE (e.g. in a management framework (Afsarmanesh & 

Camarinha-Matos, 2005) (Camarinha-Matos & Afsarmanesh, 2007b) (Romero & Molina, 2009b)).     

 

Other domains of investigation deemed of relevance when designing and managing a CNO, such a GVBE, 

include (Romero & Molina, 2011b): 

 A target(s) domain aimed to guide any action by common or compatible goals setting;  

 An actors’ domain associated with the roles, rights and responsibilities in each member 

organisation;  

 An operating principles domain establishing common guidelines to permit collaborative work to 

be conducted;  

 A lifecycle domain coping with the life span of any collaboration opportunity; and 

 A supporting technologies domain related to all tools, methods, mechanisms, systems and 

processes allowing member organisations to interoperate and cooperate for different collaborative 

purposes.  

 

 

 

 

 



4.2.1. Green Virtual Enterprises and their Breeding Environments 4 

 

Green Virtual Enterprise Breeding Environments (GVBEs), also known as virtual eco-industrial clusters / 

collaborative networks, are long-term strategic alliances of green enterprises 5
 and their related support 

institutions aimed at offering the necessary conditions to support the rapid and fluid configuration of Green 

Virtual Enterprises. GVBEs, as source networks, focus on traditional bases on creating an adequate 

environment for the establishment of cooperation agreements, common operating principles and 

interoperable infrastructures, common ontologies, and mutual trust among others, with the objective of 

preparing their members to collaborate in potential GVEs that will be established when a green business 

opportunity arises or is identified by a GVBE member acting as a broker (Adapted from (Camarinha-Matos 

& Afsarmanesh, 2007b)) (Romero & Molina, 2009a) (Romero & Molina, 2010). 

  

On more innovative bases, GVBEs focus on bringing together a variety of green enterprises into a business 

ecosystem that aims to mimic the relationships between different species in a natural ecosystem and 

establish symbiotic mechanisms to create synergies towards an optimal production level and ecological 

balance in a virtual eco-industrial collaborative network (Romero & Molina, 2010). GVBEs concentrate on 

bringing their business ecosystems as close as possible to being a closed-loop system by keeping a close 

interaction of material, energy, information and technology among their members towards a near complete 

recycle or sharing of resources for producing and delivering green products with sustainable manufacturing 

and logistics practices through GVEs creation. GVBEs also aim to recruit new members (green enterprises) 

that can enhance the network capabilities and capacities to grasp new green business opportunities in time 

and taking into account environmental impact and resources utility (Romero & Molina, 2010). 

 

These aims are what differentiate traditional VBEs from the novel GVBEs, where collaboration targets              

the creation of economies of scale in a recycling and shared sustainable engineering efficiency strategy.          

As a result, GVBEs aim to offer their members and to the market and society, a sustainable industrial 

development model characterised by an economic growth in the context of a low environmental impact in 

comparison with other traditional industrial development models (Romero & Molina, 2010). 

 

Green Virtual Enterprises (GVEs) are short-term and dynamic coalitions of green enterprises that may be 

tailored within a GVBE to respond to a single collaboration opportunity, through integrating the green 

technology (skills or core-competencies and resources) required to meet or exceed the quality, time and 

cost frames expected by the customer with a low ecological footprint. Moreover, GVEs cooperation                 

is supported through computer networks and they dissolve once their mission or goal has been accomplished 

(Adapted from (Camarinha-Matos & Afsarmanesh, 2007b)) (Romero & Molina, 2010). 

 

GVEs as goal-oriented CNs can be designed within a GVBE with two different aims: i) to become dynamic 

forward supply networks for delivering new green products to the market or ii) to become dynamic reverse 

supply networks for recovering the products sold under the GVBE brand (product stewardship) for direct-

use, repair, re-manufacture, recycle or safe disposal (see Fig. 5) (Romero & Molina, 2010). 

 
 

                                                           
4 This review is based on (Romero & Molina, 2010), a refereed article published by the author during his previous research work. Furthermore, 

Romero is credited in Camarinha-Matos and Afsarmanesh (2012) with the development of the research line on “Green Virtual Enterprises and 

their Breeding Environments”. 
5 A Green Enterprise is an enterprise that strives to meet the triple bottom line by ensuring that all products, processes and manufacturing activities 

in its business operation address the sustainable principles: economic-equitable, environmental-viable, and social-bearable (Romero & Molina, 

2010). 



 
Fig. 5. GVEs creation (both modalities) within GVBE lifecycle (Romero & Molina, 2010) 

 

4.2.2. Green Virtual Enterprises – A Characterisation 

 

GVEs represent an emerging sustainable manufacturing and logistics mode focused on offering, delivering 

and recovering green products to/from the market, operating under a lifecycle-thinking paradigm and 

supported by their source networks. GVEs focus on adopting lean-agile manufacturing and other 

sustainable engineering and logistics principles in order to enhance production, reduce wastes and improve 

their management, decrease energy consumption, achieve logistics efficiency and consequently reduce 

production and logistics costs and environmental impact (Romero & Molina, 2010). 

 

In this thesis, two GVE modalities are introduced as a response to the difficulties of creating and managing 

integrated and stable forward & reverse supply networks, better known as closed-loop supply networks, to 

address the market dynamic changes (e.g. shortened product lifecycles) in a sustainable way, in where 

enterprises normally focus on their traditional forward supply networks and outsource their reverse supply 

networks to third-parties (Romero & Molina, 2010). 

 

The two GVE modalities proposed will be crafted within a GVBE in where green enterprises will be 

prepared and ready to participate in dynamic forward and reverse supply networks created according to              

the needs and opportunities of the market and remain operational as long as these opportunities persist, 

offering in this way an assertive approach towards the market dynamicity and true sustainability (Romero 

& Molina, 2010) 

 

4.2.3. Green Virtual Enterprises as Dynamic Forward Supply Networks 

 

GVEs as dynamic forward supply networks (F-GVEs) are temporary alliances of green enterprises that come 

together in order to better respond the market demands through the most efficient use of their 

complementary skills or core-competences and shared resources, for developing and delivering in a 

sustainable way new products (goods and services) to the customer with a minimal environmental impact 

(Romero & Molina, 2010). 
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GVEs lifecycle in their dynamic forward supply networks modality will go through the following stages 

(see Fig. 6) (Adapted from (Camarinha-Matos, et al., 2009b)) (Romero & Molina, 2010):  

 During its creation,  

(a) A new green business opportunity will be identified (e.g. new product developments) and 

will trigger the F-GVE formation;  

(b) The green business opportunity will be characterised in order to detail its competency 

requirements in terms of green design, green materials, green processes, green 

manufacturing, green packaging and green logistics needed to later on look for the F-GVE 

partners that possess these green competencies 6, and for drafting the F-GVE rough plan 

(e.g. work-breakdown-structure) to schedule, assign and locate activities, tasks and 

resources to be performed/used by the potential F-GVE partners during the F-GVE 

operation;  

(c) F-GVE partners will be searched, assessed and primarily selected from the pool of GVBE 

members available and in case there is a lack of competencies inside the GVBE, F-GVE 

partners can be recruited from outside, based on their green degree level 7 and other                     

key performance indicators (e.g. price, delivery date, quality level, etc.) to respond to                

the competency requirements and constrains of the green business opportunity;  

(d) The selected F-GVE partners will negotiate to reach agreements and align needs with offers 

towards the F-GVE final configuration, following the triple bottom line sustainability 

principles (economic-equitable, environmental-viable, social-bearable);  

(e) A detailed F-GVE planning (e.g. working structure) with roles and responsibilities assigned 

to the F-GVE partners will be defined; and lastly  

(f) The F-GVE collaboration will be formalised in a contract and the F-GVE will be launched. 

 Furthermore, during the operation stage, the F-GVE most perform in an agile, green and optimal 

way following sustainable engineering, manufacturing and logistics principles in order to offer and 

deliver green products with the required quality and within the required time and cost frame needed 

to meet or exceed the customer expectations and environmental regulations (Adapted from 

(Negretto, et al., 2008)) (see Fig. 6) (Romero & Molina, 2010). 

 Finally, during the F-GVE dissolution, since the F-GVE was created within a GVBE, any surplus 

and/or abandoned resources/scrap should be placed in the GVBE bag of assets 8 for its direct-use 

(re-use), repair, re-manufacture, recycle and/or safe disposal as part of the GVBE sustainable 

strategy, and of course the GVE product will be delivered   to the customer using optimised/green 

logistics (Adapted from (Karvonen, et al., 2007)) (see Fig. 6 & Fig. 7) (Romero & Molina, 2010). 

  

4.2.4. Green Virtual Enterprises as Dynamic Reverse Supply Networks 

 

GVEs as dynamic reverse supply networks (R-GVEs) are temporary alliances of green enterprises that come 

together in order to better respond a business opportunity based on a sustainable reverse logistics and end-

of-life manufacturing approach for recovering products, parts, subassemblies and/or scrap through the most 

efficient use of their complementary skills or core-competences and shared resources for their direct-use        

(re-use), repair, re-manufacture, recycle or safe disposal - within a GVBE (Romero & Molina, 2010). 

 

 

                                                           
6 Green competencies are those environmentally conscious business practices and strategies such as: Design for the Environment (DFE), Product 

Lifecycle Management (PLM) and Lifecycle Analysis, Lean Manufacturing, Total Quality Environmental Management (TQEM), Environmental 

Management Systems (EMS), Green Supply Chain Management (G-SCM), Green Logistics, ISO14000 series’ requirements, etc. (Focus on 
Forward Supply Networks) (Romero & Molina, 2010). 

7 Green degree level is the outcome of using quantitative and qualitative metrics to scale and provide a meaningful evaluation of the green 

capabilities and capacities of an enterprise (Romero & Molina, 2010). 
8 A GVBE bag of assets is a common virtual and physical warehouse to make easier the sharing of tangible and intangible assets between the GVBE 

members for different purposes. 



GVEs lifecycle in their dynamic reverse supply networks modality will go through the following stages 

(see Fig. 6) (Romero & Molina, 2010):  

 During its creation,  

(a) A new green business opportunity will be identified (e.g. products or scrap recovery) and 

will trigger the R-GVE formation;  

(b) The green business opportunity will be characterised in order to detail its competency 

requirements in terms of direct-use (re-use), repair, re-manufacturing, recycling and/or        

safe disposal approaches needed for managing certain products or scrap in their end-of-life 

to later on look for the R-GVE partners that possess these green competencies 9, and                      

for drafting the R-GVE rough plan to be carried-out by the potential R-GVE partners during 

the R-GVE operation;  

(c) R-GVE partners will be searched, assessed and selected based on their green degree level 

and other key performance indicators to respond to the competency requirements and 

constrains of the green business opportunity,  

(d) The selected R-GVE partners will negotiate to reach agreements towards the R-GVE final 

configuration, following the triple bottom line sustainability principles,  

(e) A detailed R-GVE planning with roles and responsibilities assigned to the R-GVE partners 

will be defined, and  

(f) Lastly, the R-GVE collaboration will be formalised in a contract and the R-GVE will                  

be launched. 

 Furthermore, during the operation stage, the R-GVE most perform in an agile, green and optimal 

way following sustainable logistics, end-of-life manufacturing   and safe disposal principles in order 

to re-use (e.g. deal with the direct-use of product components as spare parts), re-manufacture (e.g. 

restoring and rebuilding products), recycle (e.g. reclaim raw materials) and/or safe disposal (e.g. 

hazardous wastes management) of products and their scrap always respecting the environmental 

regulations (see Fig. 6) (Romero & Molina, 2010). 

 Finally, during the R-GVE dissolution, outputs may take two paths: (a) the outputs of the end-of-

life manufacturing processes that were selected for direct-use (re-use) re-manufacturing and/or 

recycling will be returned immediately, if possible, as inputs to active forward supply networks           

(F-GVEs) within the GVBE or will be placed in the GVBE bag of assets as inputs for future                      

F-GVEs, and/or (b) those outputs selected for safe disposal may trigger a new GVE formation 

specialised in hazardous wastes disposal practices (see Fig. 6 & Fig. 7) (Romero & Molina, 2010). 
 

 

                                                           
9 Green competencies are those environmentally conscious business practices and strategies for dealing with the end-of-life of products such as: 

inspection, diagnostic and recondition techniques to obtain the most value from a recovered product through a re-use (e.g. spare parts), refurbish 
(e.g. repair or re-manufacturing), recycling (e.g. scrap) and/or safe disposal (e.g. hazardous wastes treatments) strategy (Focus on Reverse Supply 

Networks). 



 
Fig. 6. GVE Modalities (top – F-GVE || bottom – R-GVE) Lifecycle, Methods & Tools                               

(Romero & Molina, 2010) 
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4.2.5. GVE Breeding Environments: Industrial Symbiosis 

 

Industrial Symbiosis (IS) can be defined as an industrial ecology strategy, based on collaboration and 

synergetic possibilities, aimed at sharing/exchanging information, materials, water, energy and/or 

infrastructure (e.g. services) among industrial actors in order to increase economic gains and achieve 

sustainable development in an eco-industrial network (Chertow, 2000). IS systems like GVBEs offer their 

members the opportunity to collaboratively optimise resources utility at efficiencies beyond those 

achievable by any single enterprise and at the same time open new possibilities to access/explore green 

business opportunities in the global marketplace that would not be possible, or would have a higher cost,     

if attempted individually (Romero & Molina, 2010).    

 

In this thesis, GVBEs are introduced as virtual eco-industrial collaborative networks with the capabilities and 

capacities to deploy innovative, cost-effective and green technologies and practices to promote sustainable 

industrial development through F-GVEs and R-GVEs creation, operation and dissolution. GVBEs have as 

their main goal becoming intelligent networks for resources management (GVBE bag of assets) in order to 

match GVEs inputs and outputs (match-making) to maximise resources utility towards achieving industrial 

symbiosis (Romero & Molina, 2010). 

 

 
Fig. 7. GVBE Industrial Symbiosis (Romero & Molina, 2010) 

 

In Fig. 7, a generic GVBE industrial symbiosis scenario is presented, in this setting when a F-GVE is created 

(Romero & Molina, 2010): [a] some inputs can be collected from the GVBE bag of assets, [b] some others 

can be provided by running GVEs acting as green suppliers, and [c] if necessary, missing inputs within the 

GVBE bag of assets can be purchased outside of the virtual eco-industrial network. Furthermore, F-GVEs 

outputs such as surplus and/or abandoned resources: [d] will be placed in the GVBE bag of assets                                    

for its later use or [e] will be immediately incorporated as inputs for other active GVEs within the GVBE. 

On the other hand, in the R-GVE case, inputs may come from: [f] products/scrap recovered from GVBE 

inside (bag of assets warehouse) as a result of an endogenous green business opportunity (e.g. 4R 10 or safe 

                                                           
10 4R strategy stands for repair, re-manufacture, recycle and re-use green strategies. 
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disposal strategy) that can be announced inside the GVBE by its manager and simply GVBE members will 

organise to respond to it (GVE creation), or [g] products/scrap can be recovered from GVBE outside 

(marketplace) as an exogenous green business opportunity that can be detected by a GVBE member playing 

the role of a broker and GVBE members will be selected to become the R-GVE partners. Moreover,                        

R-GVEs outputs similar to F-GVEs outputs can be [h] placed in the GVBE bag of assets for its later use or 

[i] can be immediately incorporated as inputs for other active GVEs within the GVBE (Romero & Molina, 

2010)       

 

In general, GVBEs industrial symbiosis and other collaboration strategies can increase green enterprises’ 

competitive and environmental performance by becoming GVBE members and participating in GVEs. 

Some industrial symbiosis benefits/ reasons for green enterprises to join a GVBE can be to reduce natural 

resources consumption, improve approaches for sustainable business operations, reduce (raw) materials 

costs, reduce treatment and disposal costs, etc. to meet economic gains by saving money and protecting               

the environment. While some collaboration benefits for green enterprises in a “business sense” can be to 

access/explore emerging green markets, increase activities/profit in a sustainable way, copying with market 

green trends and environmental regulations, joint purchasing (better negotiation power), joint promotion 

(eco-branding/marketing), social and environmental responsibility prestige/reputation, sustainable 

innovation as differentiator, among others; and in a more “technical sense”, GVBEs collaboration benefits 

offer possibilities for shared commuting and shipping, alternative (green) packing, integrated (green) 

logistics, common environmental information systems, (green) production technology sharing and 

integration, etc. (Romero & Molina, 2010) (see (Camarinha-Matos & Afsarmanesh, 2006)) (see (Cohen-

Rosenthal, 1999)). 

 

4.2.6. Discussion & Reflections 

 

In the past, some eco-industrial collaborative models (e.g. eco-industry clusters/parks) bounded to their 

geographical proximity have improved their members competitive and environmental performance through 

different collaboration strategies (e.g. industrial symbiosis), which have resulted in economic benefits for 

the enterprises and their support institutions, and in environmental care and social welfare for their localities 

(Romero & Molina, 2010). 

 

Nevertheless, with the advances in information and communication technologies and new environmental-

friendly transportation vehicles/systems (e.g. hybrids), novel virtual eco-industrial collaborative models  

(Ausubel, 1997) such as the GVEs and their GVBEs are gradually emerging in the global industrial 

landscape, making (green) enterprises step beyond their geographical regions in order to access new 

complementary green competencies, and market and symbiosis opportunities. As such, nowadays eco-

industrial collaborative models do not have to be bounded anymore by their members’ geographical 

closeness and can use collaborative business infrastructures (Rabelo, et al., 2008) playing the intermediary 

role as the enablers of interoperation among enterprises to support their coordination and cooperation 

mechanisms (e.g. design, manufacturing, logistics, warehousing) towards sustainable operations and 

therefore development (Romero & Molina, 2010). 

 

Geographical proximity vs. virtuality can be a debate for the eco-industry clusters establishment; however 

researchers and industrial practitioners have to consider that “it is possible”, as proved by the Collaborative 

Networks scientific discipline, for not physically co-located enterprises to create economies of scale and 

cost effective support for information, materials, water and/or energy exchanges across distance using 

collaborative logistics networks (Langley, 2000) and collaborative business ICT infrastructures (Romero 

& Molina, 2010) (Romero & Molina, 2010) (see also (Romero & Molina, 2009a)).    

 



As any strategy for an eco-industry cluster establishment, traditional eco-industry clusters (e.g. eco-industrial 

parks) vs. virtual eco-industry clusters (e.g. GVBEs) have their advantages and disadvantages and these 

trade-offs are briefly depicted in Table 6 (Romero & Molina, 2010). 

 

Table 6 - Traditional Eco-Industry Clusters vs. Virtual Eco-Industry Clusters (Romero & Molina, 2010) 

Eco-Industrial Parks (EIPs) GVE Breeding Environments (GVBEs) 

Involve a strong investment and high environmental 

impact with a physical location construction and/or 

the re-development of an existing one. 

Do not involve an investment in a physical location 

construction, but require a moderate investment in                

a collaborative business ICT infrastructure, which 

represents a lower environmental impact. 

EIPs most suitable members need to be collocated in 

a certain geographic location in order to participate 

in the industrial symbiosis and other collaboration 

opportunities, incurring in the costs associated and 

environmental impact to re-setup a green enterprise 

in a new location. In addition, potential EIP members 

will be limited to geography proximity.   

GVBEs most suitable members do not need to be 

collocated in the same place to participate in                      

the industrial symbiosis and other collaboration 

opportunities, just need to create virtual linkages 

supported by computer networks without any 

geographic barriers that could limit the best green 

enterprises recruitment scope. 

Recruiting new EIP members in order to enhance            

the eco-industrial park capabilities and capacities can 

be extremely difficult because of the green enterprise 

reallocation. 

Recruiting new GVBE members in order to enhance 

the breeding environment capabilities and capacities 

can be very easy thanks to a GVBE membership 

management system. 

In an EIP, more materials, water, energy and/or other 

waste exchanges seem to be possible in comparison 

to GVBEs, but this exchanges as well as enterprises 

skills and resources sharing are limited to the ones 

available in the geographical proximity.  

In a GVBE perhaps less materials, water, energy 

and/or other waste exchanges seem to be possible 

because of geographic distance, but more enterprises 

skills and resources sharing can take place by being 

able to have a large number of GVBE members. 

  

4.2.7. Emerging Eco-Industry Clusters: Typology & Examples 

 

As discussed in the previous section, geographical proximity vs. virtuality can offer different advantages 

and disadvantages towards traditional and/or virtual eco-industry clusters establishment. Nevertheless, as 

depicted in Fig. 8, different models for eco-industry clusters exist, from traditional eco-industrial parks with 

enterprises located at the same site to geographically distributed enterprises creating virtual linkages, in 

opposition to co-location, to form virtual eco-industry clusters. Each of these sustainable industrial 

development models or combinations of them are characterised by different activities and uses, including 

green manufacturing (e.g. producing green products), closed-loop manufacturing (e.g. zero-emissions), by-

product exchange  (e.g. using by-products rather than disposing them as wastes), renewable energy, 

resource recovery (e.g. 4R strategy), green infrastructure (e.g. landscaping), green building design, cleaner 

production, pollution prevention, energy efficiency, and partnerships between green enterprises and their 

related support institutions (PCSD, 1996) (Romero & Molina, 2010). 
 



 
Fig. 8. Eco-Industry Clusters Typology (PCSD, 1996) (Romero & Molina, 2010) 

 

Most famous and first eco-industrial park, which has been the reference model for today’s eco-industry 

clusters, is Industrial Symbiosis at Kalundborg, Denmark, where different industrial firms have been 

working together for more than 30 years exchanging waste materials and energy, and sharing resources 

(Chertow, 2000). Moreover, the first virtual eco-industry cluster was established at Brownsville, Texas 

(1996) as a regional approach to exchange materials and by-products across the USA-Mexican border  (PCSD, 

1996), which has been followed by other virtual initiatives such as the Karlsruhe virtual  eco-industrial park 

(1998), where different enterprises exchange organic and mineral by-products, share information and focus 

on dematerialisation chains, and the Bioenergie und Rohstoffzentrum Dormagen virtual eco-industrial park 

(1999), where companies focus on by-product exchanges and energy cascades, information sharing and 

extended collaboration with universities and public entities, both at Germany (Fleig, 2000) (Romero & 

Molina, 2010). 

 

Nowadays, different eco-industrial park projects can be found around the World, for some relevant case 

studies in America, Europe and Asia (Romero & Molina, 2010) (see (Fleig, 2000)).  

 

4.3. Systems Theory, Systems Engineering and System of Systems 

 

The paradigm of System of Systems (SoS) represents a mix of autonomously operating and actively 

interacting (typically large) systems, integrated with sophisticated common or compatible goal(s). 

According to Keating, et al. (2003), a SoS comprises several other independent embedded complex systems 

varying in “technology, context, operation and conceptual frame” (ibid.). In other words, a SoS is a 

collection of systems (e.g. a CNO), which displays functionality and performance that is above that of             

the simple sum of the constituent systems (Noran & Romero, 2014). 

 

Although currently in development, the SoS field can provide valuable perspectives and methodologies for 

CNOs towards Eco-Industrial Networking (EIN) (Noran & Romero, 2014). The discussion below is based 

on (Keating, et al., 2003), and is relating the SoS literature to collaborative networks and within that 

GVBEs/GVEs’. 
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 Maier (1998), Sage and Cuppan (2001) describe five characteristics for SoS: (1) operational and 

managerial independence, (3) geographic distribution, (4) emergent behaviour, evolutionary 

development and heterogeneity of constituent systems. It is noted that these are typical traits of 

CNOs, because CNOs are networks of largely autonomous-, geographical distributed- and 

heterogonous in their nature – created from organisations that collaborate to achieve common or 

compatible goals.   

 Carlock and Fenton (2001) focus on “coupling traditional systems’ engineering activities (single 

enterprise) with (networked) enterprise activities of strategic planning and investment analysis” 

(ibid.). Again, such is the case of a GVE creation in the context of CNOs, focused on bringing 

together a number of GVE partners that driven by a (green) collaboration (business) opportunity 

come together and share skills or core-competences and resources to achieve their common goal 

(see (Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 2010)).   

 Pei (2000) mentions that “SoS integration efforts pursue the development, integration, 

interoperability, and optimisation of systems to enhance performance in future scenarios”. This 

relates to the GVBE aims of providing an adequate environment for the establishment of common 

agreements, common operating principles and interoperable infrastructures, common ontologies 

and mutual trust among others, with the objective of preparing their members to collaboration in 

potential GVEs and other forms of collaboration (see (Afsarmanesh & Camarinha-Matos, 2005) 

(Romero & Molina, 2010)).   

 Lukasik (1998) remarks that “the integration of systems (cf. green enterprises) into SoS (cf. GVEs 

and their breeding environments) ultimately contribute to the evolution of the social infrastructure”. 

Such is the case of GVBEs as long-term collaborative networks, focused on assessing and 

enhancing the readiness for collaboration of its members (Romero, et al., 2009), establishing 

common working and sharing principles (cf. governance) (Romero, et al., 2006), and contributing 

to the establishment and development of trust relationships among GVBE members/GVE partners 

as a pre-condition for their smooth collaboration (Msanjila & Afsarmanesh, 2007b) (see (Romero 

& Molina, 2010)). 

 Kotov (1997) discusses that “SoS are large scale concurrent and distributed systems that are 

comprised of complex systems”. This is similar to GVBEs as regulated open, but controlled-border 

associations of member enterprises and their related support institutions, which are (legally) 

independent organisations, geographically distributed, and heterogeneous in terms of their 

operating environment, culture, social capital and goals, but decide to join the breeding 

environment to gain agility in opportunity-based GVEs creation for profiting from emerging 

(green) collaborative (business) opportunities. Some of the gains of joining a VBE/GVBE are listed 

below based on (Camarinha-Matos & Afsarmanesh, 2006): 

 Acquiring an apparent larger size comparable to larger companies;  

 Lobbying and marketing influence to expand geography coverage/presence to access 

global market opportunities;  

 Better negotiation power in joint purchasing conditions;  

 Access to a transparent, easy-to-use and affordable ‘plug-and-play’ ICT-infrastructure as 

an enabler of interoperation among GVBE members;  

 Provision of mechanisms, guidelines and assisting services to facilitate GVEs creation 

process;  

 Proactive GVBE members profiling and competency management to assure the availability 

of competencies and resources for responding to (green) collaboration (business) 

opportunities;  

 Provision of supporting services like insurance, coaching, training, etc., through support 

institutions;  

 Introduction of mechanisms to build trust among VBE members; and  

 Provision of general guidelines for collaboration such as working and sharing principles. 



Furthermore, additional collaborative benefits for the GVBE members, now called GVE partners, 

that come together in GVEs for grasping a single (green) collaborative (business) opportunity and 

dissolve once the goal is accomplished, include (Camarinha-Matos & Abreu, 2005):  

 Sharing and reducing costs;  

 Sharing risk;  

 Decreasing the dependence level in relation to a third-party;  

 Increasing innovation capacity,  

 Defending a position in the market,  

 Increasing flexibility,  

 Increasing specialisation,  

 Sharing social responsibility, to mention a few.  

 Manthorpe (1996) is “concerned with the interoperability and synergism of Command, Control, 

Computers, Communication and Information (C4I), and Intelligence, Surveillance and 

Reconnaissance (ISR) system”. Such concerns are addressed in a GVBE by means of                             

an integrated management framework (Romero & Molina, 2009a), a governance model (Romero, 

et al., 2006) (Romero, et al., 2010) (Rabelo, et al., 2014) and a collaborative ICT-infrastructure 

(Rabelo, 2008).  

 

Due to its trans-domain, multi-perspective and component quasi-independence features (DeLaurentis & 

Ayyalasomayajula, 2009), the SoS paradigm can help ascertain the level of scalability of GVBEs, analyse 

the effects of GVBE members as agents on the breeding environment as a whole, and mitigate conflicting 

stakeholder objectives (Noran & Romero, 2014). 

 

Moreover, a major challenge in sustainable industrial development is to address environmental protection, 

economic growth and social progress in a cohesive and holistic way (Dassisti, et al., 2013). Therefore, 

sustainability can be tackled as a SoS providing an integrated view and approach towards implementing   

the triple-bottom line goals of sustainability. Thus, Systems Theory (ST) can provide a conceptual 

framework for outlining an initial structure of an industrial eco-system (Sopha, et al., 2010) such as GVBE 

by defining what an industrial eco-system should be, how it should function, and give a better understanding 

of the roles and relationships between the various stakeholders (Noran & Romero, 2014). 

 

Overall, Systems Engineering (SysEng) methods are mainly concerned with the appropriate definition, 

development and deployment of a system or system of systems, such as GVBE, and may be used to ensure 

the correctness of the GVBE model as an industrial eco-system (Sopha, et al., 2010). Therefore, SysEng 

can also be employed in this context to contribute to the envisaged GVBE toolkit for engineering its creation 

and management. It is relevant to note that SE and (subsequently discussed) Enterprise Architecture share 

many common objectives (such as the use of reference models in the conception and development of 

systems). The difference appears to be in the fact that an enterprise (as an ‘undertaking’) is normally 

implemented as the coordinated action of socio-technical systems, and as such the mainly technical 

orientation of SE is extended by a view of the human/organisational aspect – a view fully embraced                       

by the discipline of Enterprise Architecture (Noran & Romero, 2014).  

 

  



4.4. Enterprise Architecture 

 

Enterprise Architecture (EA) is a research discipline and well-defined practice aimed to provide the means 

for collecting and organising the knowledge necessary for conducting enterprise engineering projects, 

supporting their full lifecycle, as well as continuous improvement projects to optimise organisational 

resources in an integrated and holistic manner. EA applies architecture principles and practices to guide 

organisations through ‘changes’ necessary to proactively and holistically identify and analyse the execution 

of change towards desired outcomes (Gartner Research, 2012) (FEAPO, 2013) (Noran & Romero, 2014). 

 

EAs can be classified in two types (Bernus, et al., 2015): 

 Snapshot Architectures, or ‘reference architectures of type I’, based on a set of stable structural 

arrangements of generic models or designs that could subsequently be implemented as Information 

Systems (IS) products (or product families) incorporating most or all information-processing tasks 

needed for the management and control of an Enterprise Information System (EIS). Their main 

users are software vendors for EISs such as Enterprise Resource Planning (ERP) systems and 

Manufacturing Execution Systems (MES).  

 Lifecycle Architecture, or ‘reference architectures of type II’, based on a lifecycle approach for 

enterprise engineering projects that could design in an integrated way an enterprise and describe  

its progression (change) through its lifecycle phases from inception to its decommissioning. 
 

The scope of this thesis will focus on ‘reference architectures of type II’, and follow their architecture 

principles, in order to synthesize and systematize a toolkit that can cover the full lifecycle of a Green Virtual 

Enterprise Breeding Environment (GVBE) (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 

In this context, three main type II reference architectures can be found in the literature: 

 PERA (Purdue Enterprise Reference Architecture) (Williams, 1994). 

 CIMOSA (CIM Open Systems Architecture) (Kosanke, et al., 1999), 

 GRAI-GIM (Graphs with Results and Activities Interrelated) (Doumeingts , et al., 1998). 

 

From the analysis and consolidation of these three reference architectures and their architecture principles, 

the IFIP-IFAC Task Force (TF) on Architecture for Enterprise Integration (2003) derived a generalised 

Enterprise Architecture framework called the ‘Generalised Enterprise Reference Architecture and 

Methodology’ (GERAM): 

 From PERA, its lifecycle phases: identification, concept, definition, specification, detailed design, 

manifestation and operations (in GERAM also Lifecycle phases). 

 From CIMOSA, its instantiation process: generic, partial and particular levels (in GERAM - 

Genericity dimension) and its views: function, information, resources/structure and decision/ 

organisation) (in GERAM - Content views). 

 From GRAI-GIM, its modelling language GRAI-Grid (in GERAM part of its Generic Enterprise 

Modelling Tools and Languages (GEMTs and GEMLs)).   

 

Therefore, in this literature review, it has been decided to only document GERAM out of all the above-

mentioned frameworks, considering its inclusiveness of the most relevant enterprise reference architectures 

(of type II) and their principles, as well as due to its international acceptance as a framework by                             

ISO (the International Organization for Standardization) (GERAM itself is in the public domain, and                        

is also published as the annex to ISO15704 “Requirements for Enterprise Reference Architectures and 

Methodologies”). 

 
  



4.4.1. GERAM (Generalised Enterprise Reference Architecture and Methodology) 

 

GERAM generalises the requirements of Enterprise Architecture (EA) frameworks to define a toolkit of 

artefacts (viz. reference architecture, engineering methodology, engineering tools, modelling concepts, 

modelling languages, enterprise models) for designing and maintaining enterprises for their entire life 

history (IFIP-IFAC Architectures for Enterprise Integration, 2003). Furthermore, GERA (Generic Enterprise 

Reference Architecture) as one of the main components of GERAM, defines a set of modelling constructs 

for use in enterprise engineering projects. These constructs as a guiding methodology include lifecycle, 

enterprise entity types, enterprise modelling, and integrated enterprise model presented in different model 

views using various modelling languages, for different users of the reference architecture in order to 

describe the processes in the enterprise capturing its functionality and behaviour (ibid.). 

 

GERA lifecycle phases define the types of activities or processes that can take place during the life of                   

an enterprise entity (e.g., a single enterprise or networked enterprise), encompassing all activities from 

identification to decommissioning (or end-of-life). Seven-lifecycle activity types have been defined (IFIP-

IFAC Architectures for Enterprise Integration, 2003) (see Fig. 9):  

 

 
Fig. 9. GERA Lifecycle Phases (IFIP-IFAC Architectures for Enterprise Integration, 2003) 

 

1. Identification, which includes the set of activities that identify the contents of the enterprise entity 

in terms of its boundaries and its relations to its internal and external environment,  

2. Concept, which includes the set of activities that are needed to develop the enterprise entity 

concepts (viz. mission, vision, values, strategies, objectives, operational concepts, policies, 

business plans and so forth),  

3. Requirement, which includes the set of activities needed to develop descriptions of operational 

requirements (i.e. functions, information, resources, organisation) of the enterprise entity,  

4. Design (preliminary and detailed), which includes the set of activities that support the specification 

of the enterprise entity in terms of all its components that satisfy its requirements, including human 

and machine tasks,  
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5. Implementation, which includes the set of activities that define all those that must be carried put             

to build or re-build the enterprise entity,  

6. Operation, which includes the activities and resources needed during the enterprise entity’ 

operation for achieving its mission (viz. production, monitoring, control, evaluation… of the 

operation, as well as re-engineering or continues improvement for managing deviation from goals 

and objectives), and  

7. Decommissioning, which includes the set of activities needed for re-missioning or disposing of all 

or part of the enterprise entity at the end-of-life.  

 

Relating to the GERAM lifecycle concept described above, it is important to note that the lifecycle activities 

are activity/process types, not process instances. Because these activities/processes are interacting and               

the lifecycle concept of GERAM does not involve time. 

 

As opposed to lifecycle, the concept of life history (see Fig. 10) allows identifying instances of various 

lifecycle activity types, in time; depending on the stage of development of the entity in question, various 

stages can be defined. Importantly, multiple tasks (activity instances or process invocations) can be 

performed in effect at any one time, and all of these may run parallel during the life of the enterprise entity 

(IFIP-IFAC Architectures for Enterprise Integration, 2003). For example, while operational processes are 

being executed, while there can be design and refurbishment (re-build) processes performed. 

 

 
Fig. 10. GERA Lifecycle and Life History (IFIP-IFAC Architectures for Enterprise Integration, 2003) 

 

Enterprise entities can be categorised in multiple ways (depending on their purpose or relationship to other 

entities) (IFIP-IFAC Architectures for Enterprise Integration, 2003): 

1. Categorisation based on the purpose of Operation:  

a. Project enterprise entity type, exists for the one-off production of another entity (e.g.,                    

an enterprise engineering project may perform the redesign of part of an enterprise) –                

the hallmark of such entities is the expected finite lifetime (projected finite life history) 

during which the mandate of the entity is accomplished; 
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b. Repetitive enterprise entity type, exists for performing the repetitive or sustained 

production of another entity (e.g., a manufacturing enterprise for producing a product                  

or family of products), and there is no projected end of life;  

2. Categorisation based on ‘being a product’. Entities that are products may or may not be enterprises 

themselves. Being a product is a relative notion, a car is the product of a factory, but the factory is 

the product of a ‘Factory Engineering, Procurement & Construction’ (EPC) project. 

3. Categorisation based on the ‘recursive’ role of the entity: an entity may exist with the purpose                 

of identifying, conceptualising … building another entity (e.g. a consulting company that has                   

the purpose of creating projects that in turn transform another entity, using an enterprise 

engineering methodology). 

 

*Note that these categories are overlapping.  

 

GERA provides a modelling framework based on its lifecycle concept, and identifies three dimensions for 

enterprise modelling (IFIP-IFAC Architectures for Enterprise Integration, 2003) (see Fig. 11): 

1. Lifecycle dimension (from identification to decommissioning) in order to provide a controlled 

modelling process of the enterprise entities according to their lifecycle activities, 

2. Genericity dimension (from generic to partial to particular models) in order to provide a controlled 

instantiation process of the enterprise entity model, and  

3. View dimension (from contents to physical manifestation views) in order to provide a controlled 

visualisation of specific view of the enterprise entity: 

a. Content views: function, information, resources, organisation. 

b. Purpose views: customer service and product, management and control. 

c. Implementation view: human implemented tasks, automated tasks. 

d. Physical manifestation view: software, hardware.  

 

 
Fig. 11.  GERA Modelling Framework (IFIP-IFAC Architectures for Enterprise Integration, 2003) 
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GERA view concepts can be divided in entity model contents views (viz. function, information, resource 

and organisation), entity purpose views (viz. customer service and product, and management and control), 

entity implementation view (meaning human implemented tasks and automated tasks), and entity physical 

manifestation views (that is, software and hardware). These view concepts help to support the modelling 

(development) of enterprise models and guaranteed that all relevant facts are captured in them (IFIP-IFAC 

Architectures for Enterprise Integration, 2003). Furthermore, these aspects subdivide the modelling task 

based on 1) what is the scope that enterprise modellers need to cover (based on purpose & physical 

manifestation), and 2) what is the type of model, which covers the previously defined scope and which can 

answer stakeholder concerns about the part (as defined in the scope) of the entity in question.  
 

The first (large-scale) industrial application of GERAM was in the GLOBEMAN 21 international project,                         

a consortium of approximate 40 industrial partners, focused on demonstrating the use of EA principles                 

in a number of manufacturing and engineering applications in the manufacturing sector (see (Brown & 

Syntera, 1999)). 
 

The second (large-scale) industrial application of the GERAM was in the follow-up international project to 

GLOBEMAN 21, named: GLOBEMEN (see (Karvonen, et al., 2003)), with a consortium of 16 industrial 

partners and 3 academic partners. GLOBEMEN focused on modelling inter-enterprise collaboration                

based on global information exchange and control, as well on specializing the GERAM framework for              

the particular case of virtual enterprises (Vesterager, et al., 2001) (Vesterager, et al., 2001) product known 

as: VERAM (Virtual Enterprise Reference Architecture and Methodology) (see (Zwegers, et al., 2003)).   
 

The history of the GERAM framework and its industrial applications can be found in (Bernus, et al., 2015).    

 

4.4.2. ARCON (A Reference model for Collaborative Networks) 

 

Taking into account contributions from previous related works to EA discipline (e.g. Zachman Framework, 

GRAI-GIM, PERA, CIMOSA, GERAM, VERAM), mainly in enterprise modelling, and in particular 

GERAM as the annex to ISO15704 on “Requirements for Enterprise Reference Architectures and 

Methodologies”, the ARCON (A Reference model for Collaborative Networks) modelling framework was 

created within the ECOLEAD international project (Camarinha-Matos & Afsarmanesh, 2008). 
 

ARCON, similar to VERAM is a specialization as well as an extension of GERAM for the generalised case 

of Collaborative Networked Organisations (CNOs) as networked enterprise entities, which include Virtual 

Enterprises (VEs) as one of their types or classes). ARCON aims to provide as a specialised modelling 

framework for CNOs introducing multiple modelling perspectives of environment characteristics,           

lifecycle stages and modelling intents (Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-Matos & 

Afsarmanesh, 2008). 
 

In the following, diverting from the terminology used by ARCON to ensure conceptual clarity. ARCON 

does not differentiate between ‘phases’ and ‘stages’ (as GERAM does), and uses the two words as 

synonyms. In this review, the words phase and stage are defined in GERAM, thus clarifying for the reader 

what ARCON meant in each case. 
 

The first perspective introduced by ARCON, namely lifecycle (in GERAM terms this is life history), which 

in ARCON addresses the timing of different CNO lifecycle stages (note the difference between the use of 

the term ‘lifecycle’ in ARCON and GERAM: ARCON’s lifecycle stage corresponds to the GERAM                   

life history stage). Thus, the ARCON Creation stage deals with the incubation, system parameterization, 

database creation, generation and definition of ontology, data/information loading, etc., and can be divided 

into ‘two phases’ (in GERAM terms ‘two stages’), namely Initiation and Recruiting, dealing with                          

the strategic planning and initial incubation of the CNO, and Foundation, dealing with the constitution of 

the entity and start-up. 



The ARCON Operation stage deals with the ‘normal’ operation of the CNO existence, in other words,                   

it refers to the running and execution of various strategic, tactical and operational management activities    

to support the CNO reaching its objectives (e.g. CNO actors’ management, VEs/VOs creation and 

management, CNO general management (Romero & Molina, 2009b)).   

 

The ARCON Evolution stage deals with limited changes in the CNO operation (this therefore being a                  

co-existing stage with Operation, e.g. design, operation and control of new management approaches, 

recruitment, assessment and selection of new CNO members, redefinition and assessment of CNO actors 

roles, rights and responsibilities, etc.). Meanwhile, the ARCON Metamorphosis stage deals with major 

changes in the CNO nature (a significant evolution leap), triggered in many cases in respond to exogenous 

forces that do not allow continuing with the ‘normal’ CNO operation.  

 

Finally, the Dissolution stage deals with the retirement of the CNO (Camarinha-Matos & Afsarmanesh, 

2007a) (Camarinha-Matos & Afsarmanesh, 2008). 

 

The second ARCON-defined perspective (that might be called ‘modelling aspects’) focuses on capturing            

the CNO environment characteristics. This perspective includes two sub-spaces (points of view) that 

compressively cover what ARCON calls ‘endogenous elements and interactions’ of CNOs, as well as                

the ‘exogenous elements and interactions’ that address the environment of the CNOs (Camarinha-Matos & 

Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008). 

 

The endogenous dimensions aim at identifying a set of characteristic properties that can together                   

capture a CNO’s constituting elements (in GERAM model content views). Modelling views proposed by 

the ARCON modelling framework for this sub-space are (Camarinha-Matos & Afsarmanesh, 2007a) 

(Camarinha-Matos & Afsarmanesh, 2008):  

1. Structural – describing the CNO structure in terms of its constituent elements (actors, roles and 

their relationships, as well as the network topology);  

2. Componential – focusing on the CNO resources’ composition such as human, technological, 

Information, and knowledge & ontologies;  

3. Functional – attending to the CNO processes, procedures and methodologies as the base functions 

/ operations related to the different CNO lifecycle stages; and  

4. Behavioural – covering the CNO principles, policies and governance rules that drive and constrain 

the CNO and its members’ behaviour.  

 

The CNO’s exogenous (external) interactions aim to reveal the CNO engagement with its surrounding 

environment. The modelling views proposed by ARCON modelling framework for this sub-space are 

(Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008):  

1. Market – interactions with customers and competitors;  

2. Support – services provided by third party institutions;  

3. Societal – interactions between the CNO and society in general; and  

4. Constituency – interaction with the potential CNO members. 

 

ARCON defines a third perspective, known as ‘modelling intent’ (and in GERAM as ‘instantiation 

process’), related to the different purposes of modelling CNOs (or a CNO) (Camarinha-Matos & 

Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008):  

1. General representation – that includes the most general concepts and related relationships, 

common to all CNOs independently of the application domain,  

2. Specific modelling – as an intermediate level that includes more detailed models focused on 

different classes of CNOs, and  

3. Implementation modelling – that represents models of concrete CNOs.  



This perspective is identical to GERAM’s ‘generic – partial – particular’ models’ subdivision of model 

space. 

 

 
Fig. 12. ARCON Modelling Framework (Camarinha-Matos & Afsarmanesh, 2008)   

 

ARCON as a modelling framework provides detailed aspects of the life of CNOs, thus guiding the user                    

of the framework regarding the task at hand when considering or planning a CNO creation, 

operation/evolution, metamorphosis and dissolution.  

 

A full ARCON modelling intent from general representation to implementation modelling can be found in: 

 ARCON general representation (Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-Matos & 

Afsarmanesh, 2008). 

 ARCON specific modelling for Virtual Organisation Breeding Environments (VBEs) –                              

a Reference Model (Romero & Molina, 2009a). 

 ARCON implementation modelling for a VBE in the manufacturing sector (Baldo & Rabelo, 

2009) (Baldo & Rabelo, 2010). 

 

4.5. Conclusions of the Literature Review 

 

The materialisation of a potential synergy between IE and CNOs scientific disciplines requires further 

research on understanding these possible synergies and underlying principles for better GVEs and                   

the creation and management of GVBEs as sustainable industrial collaborative networks. Nevertheless, 

significant progress is already available in terms of conceptual frameworks and models (Camarinha-Matos 

& Afsarmanesh, 2007b) (Romero & Molina, 2009a), methods and processes (Romero & Molina, 2009b), 

and software tools and systems (Camarinha-Matos, et al., 2009b) (Negretto, et al., 2008) in the CNO 

discipline, and perhaps it is just a matter of bringing in from the IE discipline the sustainability element as 

a main driving force behind the future success of sustainable collaborative networks (Romero & Molina, 

2010).  



Future looks for more “green” enterprises and sustainable industrial development models, and the proposed 

approach based on GVEs and their GVBEs appears to be well suited to cope with emerging socio-economic 

and environmental challenges of the global industrial landscape (Romero & Molina, 2010). 

 

Systems Theory, Systems Engineering and System of Systems, provide important insight for better 

understanding the GVBE structure, function and processes by using concepts and approaches from different 

disciplines for coordinating diverse stakeholders and maintaining their interactions for successful 

collaboration (Noran & Romero, 2014). 

 

EA as a discipline presents a promising approach to integrate the lifecycle and other essential aspects needed 

to synthesise and systematise a toolkit to create and manage a GVBE. Thus, EA appears to be capable of 

providing a framework integrating all necessary aspects in a lifecycle-based set of models ensuring the 

consistency and sustainability of complex (networked) enterprise engineering endeavours such as creating 

a GVBE.  

 

EA principles and artefacts can be applied to the GVBE members, but also can be scaled-up to the network 

as the entity of interest, which is compatible with the focus of this thesis, namely to model the complex 

interactions that take place, considering the viewpoints deemed to be of interest to the GVBE toolkit user 

and its GVBE engineering project (Noran & Romero, 2014). 
 

  



5. Research Framework and Formalised Research Questions 

 

5.1. Research Framework & Methodology 

 

5.1.1. Scope of Research 

 

The scope of research interweaves the disciplines of Industrial Ecology (IE), Collaborative Networked 

Organisations (CNOs), Systems Theory (ST) (particularly Systems Engineering and System of Systems), 

and Enterprise Architectures (EA) in order to synthesis and systematize a toolkit for the creation and 

management of Green Virtual Enterprise Breeding Environments (GVBEs). 

 

5.1.2. Research Disciplines 

 

As suggested above, the research is interdisciplinary, and so the literature review conducted focused on the 

contributions of each research field or discipline to synthesise and systematise a GVBE toolkit. The thesis 

draws substantially form a literature review in the fields of IE, CNOs, ST and EA, but also from previous 

empirical research (experience) from projects in which the author has participated as a researcher, 

consultant or advisor. 

 The IE literature review provided the sustainable engineering (Gagnon, et al., 2008) and circular 

economy principles (Ellen MacArthur Foundation, 2012) as well as the eco-industrial networking 

strategies (Cohen-Rosenthal, 2003a) (Cohen-Rosenthal, 2003b) (Romero & Molina, 2014b) that 

will allow collaborative industrial networks, such as a GVBE, to make analogies between natural 

ecosystems and industrial systems in order to shift their industrial production systems from          

open-loop systems to closed-loop systems, evolving from linear to a circular production approach. 

This shift is necessary in order to reduce waste and pollution, and to efficiently share and recycle 

resources within an industrial ecosystem, thus increasing economic gains and achieving sustainable 

development (Romero & Molina, 2010). 

 The CNOs literature review provided the conceptual frameworks and models (viz. ARCON) 

(Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008) (Romero & 

Molina, 2009a), methods and processes (Romero & Molina, 2009a), and tools and systems 

(Romero & Molina, 2009b) (a.k.a. the artefacts) for collaborative network creation in general. The 

CNO discipline defines long-term strategic network- or breeding environment type (Afsarmanesh 

& Camarinha-Matos, 2005), which can be used to identify necessary conditions and an environment 

that supports green enterprises and their related support institutions that adhere to a base long-term 

cooperation agreement, and adopt common operating principles and (interoperable) infrastructures. 

The main goal of such GVBEs would then be to increase their preparedness to take advantage of 

eco-industrial networking and green business opportunities through the creation and management 

of Green Virtual Enterprises (GVEs), offering, delivering and recovering green products to/from 

the market, using a lifecycle thinking and supported by its source network (the breeding 

environment).  

 The ST literature review provided the theory and engineering methods to define what an industrial 

eco-system (a GVBE) should be and how it should function and to give a better understanding of 

the roles and relationships between its various stakeholders. Thus, Systems Theory (ST) provided 

a conceptual framework for outlining an industrial eco-system such as a GVBE and Systems 

Engineering (SysEng) toolbox for managing its design (including its definition, development and 

deployment) (Sopha, et al., 2010). 

 

 

 

 



 The EA literature review provided two well-accepted architecture frameworks (viz. GERAM - 

(IFIP-IFAC Architectures for Enterprise Integration, 2003) and ARCON - (Camarinha-Matos & 

Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008)) in order to allow the integration 

of all necessary principles and artefacts (e.g. targets, main actors, operating principles, lifecycle 

and supporting technologies), to create and manage GVEs and their breeding environments in all 

stages of a GVBE’s life. 

 

5.1.3. Positionality 

 

Since no research is neutral, my own interest in this research is to use the above disciplines, to synthesize 

and systematize a toolkit for the creation and management of Green Virtual Enterprise Breeding 

Environments (GVBEs). My positionality has been shaped by my own experience as a researcher in such 

disciplines in the last 12 years, including my reflections from experiences in international projects. 

 

5.1.4. Focus on Collaboration 

 

“Aiming to reach a sustainable world calls for a wider collaboration among multiple stakeholders,                     

as the changes needed for sustainability exceed the capacity and capability of any individual actor” 

(Camarinha-Matos, et al., 2010).  Therefore, the Collaborative Networks discipline offers a great potential   

for mutually beneficial synergies with other fields such as IE, ST and EA to lead through collaboration             

to novel approaches and solutions to achieve sustainability (Romero & Molina, 2010) (Noran & Romero, 

2014). 

 

5.2. Relevant Architecture Frameworks for this Research 

 

The two Architecture Frameworks (AFs) explicitly used for CNO creation and operation, namely GERAM 

(IFIP-IFAC Architectures for Enterprise Integration, 2003) (Bernus, et al., 2015) and ARCON (Camarinha-

Matos & Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008) have been reviewed in Section 

4.4. The following sub-sections present how their scope and systematic terminology is expected to be useful 

for building the research framework and framing the research question in a formal way.  

 

It must be noted from the beginning that most mainstream architecture frameworks have their roots in             

the IT and / or IS domains (Noran, 2003) (Bernus, et al., 2015), and thus their scope is understandably 

focused on those areas. ARCON and GERAM however, are originating in the manufacturing and industrial 

engineering domain and thus their scope explicitly includes the human organisational aspect of both the 

mission fulfilment and management, whether performed by humans (workers and managers) or machines 

(logistics, manufacturing equipment, communication and control equipment or computers). This aspect is 

essential to this research and therefore once more justifies the selection of these frameworks as building 

blocks for the research framework and to guide and inform the resulting toolkit. 

 

5.2.1. The GERA Modelling Framework in the Context of this Research11 

 

GERAM (ISO/IEC, 2005b), will be used in this thesis to map the potential areas of contribution of the 

various research disciplines to a GVBE entity creation (acting as enablers), but also to specify the influence 

of external factors on the proposed network (external drivers) (Noran & Romero, 2014). 

 

GERAM’s lifecycle concept will provide the identification of the relevant phases in the life of any enterprise 

entity in this case, a GVBE (see Table 7). 

                                                           
11 This review is and updated and improved version of (Noran & Romero, 2014), a refereed article (See Appendix) published by the author during 

his candidature. 



 The Identification phase, is very important for an agile/dynamic business; e.g., to be identified as a 

Green Virtual Enterprise and a green breeding environment (Romero & Molina, 2013) (Romero & 

Molina, 2014a), will allow the evaluation of current (green and not-green) products and services and 

environmental policies’ popularity among the target customers (public) and various organisations (such 

as support institutions) and the anticipation or early recognition of market trends in an emerging 

Circular Economy.  

 

For the above reasons, actively acknowledging and supporting this identity may hold the key to 

achieving and keeping a competitive edge in an economic, environmental and socially sustainable way. 

Creating and preserving this identity is important in an environment where consumers, society in 

general, non-governmental organisations (NGOs) and government are prompting manufacturing and 

service enterprises to reduce their environmental footprint, and improve environmental performance 

(Noran & Romero, 2014). 

 

 The outcome of the Concept, phase process is that it formulates an eco-industrial networking strategy 

of a GVBE to implement responses to the assumed / desired identity (e.g. taking into account market 

trends, society pressures, governmental legislation). Currently, it is increasingly being realised that any 

effective environmental improvement effort cannot be isolated to any one enterprise (Camarinha-Matos, 

et al., 2010).  
 

An attractive alternative is to look into potential industrial symbiosis opportunities (Chertow, 2000) – 

so that companies close-loop their linear industrial chains of production in order to maximise resources 

use and minimise waste, by converting their by-products into inputs for processes of other enterprises 

(i.e. implementing a Circular Economy - (Romero & Molina, 2012)) (Heeres, et al., 2004) and by 

sharing resources when possible to avoid redundancy (i.e. Sharing Economy - (Romero, et al., 2015)).  

 

Effectively, this brings about the concept of an industrial eco-system, implying intrinsic potential 

challenges and required readiness for the envisaged eco-industrial networking in a GVBE (Noran & 

Romero, 2014). Previous industry experience shows that the development of the eco-industrial 

networking concept is best divided along network management and operation lines (Camarinha-Matos, 

et al., 2010) (Romero & Molina, 2011b), with further aspects developed in the Requirements phase 

(Noran & Romero, 2014). 

 

 The networked enterprise engineering efforts should focus next on defining the GVBE functional/ 

technical, economic, political, informational, and organisational Requirements, for designing, 

implementing and operating a collaborative closed-loop environment (Romero & Molina, 2011b) 

(Romero & Molina, 2012). These requirements will also form the basis for the initial and on-going 

search and selection of the most suitable GVBE members/GVE partners (e.g. (Romero, et al., 2008a) 

(Verdecho, et al., 2010) (Noran & Romero, 2014)). 

 

 The next lifecycle phase, Architectural Design, is where an implementation-independent GVBE model 

is to be developed from scratch or with the support of general or partial models through an instantiation 

process (e.g. (Romero & Molina, 2009a) (Romero & Molina, 2011b) (Romero & Molina, 2012)), 

fulfilling the identified requirements in the previous phase. Establishing and nurturing symbiotic 

collaborations will require the alignment of the GVBE participants in order to meet the multitude of 

interoperability challenges that typically arise (e.g. (Romero & Molina, 2014b) (Romero & Noran, 

2015)). For this purpose, EA – specific modelling frameworks can provide a repository of applicable 

viewpoints reflecting the various stakeholder concerns, e.g. GERAM (which includes ISO42010 (2007) 

and ISO15704 (2005) - (IFIP-IFAC Architectures for Enterprise Integration, 2003)) and ARCON 

(Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008). Thus, for 

example, function (process), information, resources, organisation, decisional, economic and risk 



models may be developed, integrating knowledge from IE, CN and SoS as shown in Table 7 (Noran & 

Romero, 2014). Importantly, the automation boundary (tasks executed by humans vs. machine) needs 

to be also considered in this phase (e.g. what is the role of various management information systems in 

the management functions of the GVBE and its GVEs’). The Architectural Design phase is decisive 

because its outcome is necessary to make a decision whether to continue with the GVBE project, e.g., 

depending on its technical and financial feasibility, the time available and risk involved (Noran & 

Romero, 2014). 

 

In essence, potential GVBE members can go about reaching the required preparedness for collaborative 

closed-loop production needed for an effective industrial eco-system in two main ways (Noran & 

Romero, 2014):  

 The first approach is to insert the required inputs, outputs, controls and resources into                          

the GVBE members’/GVE partners’ existing business processes, adding the necessary 

management tasks and decisional frameworks on top of their existing organisational and 

decisional frameworks (i.e. an interoperability-type approach).  

 The second approach involves the complete transformation of GVBE members’ every artefact 

involved in the future GVEs participation – a potentially complex and lengthy endeavour, 

however more efficient in the long run (i.e. an integration-type approach).  

 

Depending on the urgency of the GVBE project, extent of collaboration readiness (Romero, et al., 

2008a) and thus resilience and agility desired or required, each GVBE member / GVE partner may 

decide to adopt the first or the second approach – or start with the first and evolve into the second 

(Noran & Romero, 2014). 

 

 The Detailed design phase will seek to find technology-specific implementation alternatives for a 

collaborative business ICT infrastructure (e.g. Workflow Systems, Enterprise Application Integration, 

Service Oriented Architecture, Software-as-a-Service Utility, etc. (Rabelo, 2008)) for the modules (e.g. 

GVBE and GVEs management systems and tools) defined in the architectural design. The models 

(systems, tools and services) constructed for the ICT infrastructure may now further distinguish 

between hardware and software. This differentiation may seem trivial, but when applied to the human 

component of the involved entities, it is useful for capturing the aspect of  human skills and knowledge 

(competencies), as well as the task descriptions for humans (which can be anything from policies to 

detailed step-by-step instructions, as necessary for the human roles in GVBE and GVE management); 

Note that the above-mentioned aspects may be suitably combined; thus, one can describe the ‘detailed 

design of the functional aspect of human software’ – which would mean explicit or tacit knowledge 

owned by a human regarding procedures performed by a GVBE member/GVE partner of the breeding 

environment (Noran & Romero, 2014). Importantly, this allows selecting combinations of aspects 

relevant to the GVBE / GVE partner task-at-hand. 

 

 Both for Architectural and Detailed design phases there will be a need to model the AS-IS (present) 

state, so that the GVBE stakeholders get a common grasp of the current situation (e.g. readiness 

(assessment)  for collaboration of GVBE members in terms of common or compatible working and 

sharing principles (Romero, et al., 2008a)), and several TO-BE (future) states (e.g. mechanisms for 

enhancing readiness for collaboration of GVBE members (Romero, et al., 2008a)), in order for                       

the GVBE stakeholders to agree on a preferred solution to establish cooperation agreements, common 

operation principles, interoperable infrastructures, ontologies, and mutual trust (Noran & Romero, 

2014). Note that the transition from the AS-IS to the TO-BE state must be managed in an integrated 

way so that all relevant aspects are being kept ‘in sync’ here, EA artefacts can provide project-specific 

transition plans using generic customisable methodologies or meta-methodologies (Noran & Romero, 

2014), such as the one developed by Romero et al. (2008a) focused on providing “mechanisms for 



assessing and enhancing organisations’ readiness for cooperation in collaborative networks”(ibid.).             

For the above tasks, there is a plethora of modelling languages and tools available for functional 

(process), information, organisational, decision etc. - modelling (Noran & Romero, 2014). A few 

examples follow: 

 Organisational models - related to the definition of GVBE actors, roles, rights and 

responsibilities (Afsarmanesh & Camarinha-Matos, 2005), plus GVBE structure, governance 

rules and bylaws (Romero, et al., 2007) (Romero, et al., 2010) (Rabelo, et al., 2014). 

 Business process models - related to the main GVBE and GVEs lifecycle management process 

(Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 2009b) (Romero & Molina, 

2010) (Romero & Molina, 2011b). 

 Resources perspective model - related to the GVBE assets management such as physicals, 

technology, staff, knowledge, and other tangible and intangible resources (Afsarmanesh & 

Camarinha-Matos, 2005) (Romero, et al., 2007). 

 Value system and business model models (Romero, et al., 2007) - related to membership (Sitek, 

et al., 2007) profiling and competency (Ermilova & Afsarmanesh, 2007), trust (Msanjila & 

Afsarmanesh, 2006), performance (Alfaro, et al., 2005), incentives and sanctions (Romero, et 

al., 2007), and agreements/contracts management (Camarinha-Matos & Oliveira, 2006). 

 Interactions perspective - related mainly with VO creation process (Camarinha-Matos, et al., 

2005) (Camarinha-Matos & Afsarmanesh, 2007b) and potential third-party interactions              

(e.g., supporting institutions) (Romero, et al., 2006). 

 

The modelling languages chosen for defining the above need to be based on a coherent set of modelling 

languages (e.g. belonging to a ‘VBE & VOs Integral Business Process Management Framework’                    

as described in (Romero & Molina, 2009b)). In other words, changing one of the models must                             

be propagated to all other related models in order to ensure overall models’ consistency.   

 

 The Implementation phase includes the processes that create the GVBE and the enactment of                           

the previously created plan(s) (e.g. deployment of business processes, ICT infrastructure and 

governance structure, ICT infrastructure set-up and release into operation, governance structure 

establishment, constitution (members population), support institutions engagement, and GVBE 

launching (Romero & Molina, 2009a)).  

 

Note that irrespective of the above-described GVBE initiation, recruiting and foundation plans,                     

the achievement of smooth GVBE operations will take some time as typically, human-related processes 

such as gaining trust between future GVBE members and therefore GVE partners cannot be hastened. 

However, a well-designed GVBE recruiting plan will include a trust creation and assessment process 

(Msanjila & Afsarmanesh, 2006) (Msanjila & Afsarmanesh, 2007b) and mechanisms for enhancing 

readiness for collaboration (Romero, et al., 2008a) to take place in due time in order to achieve a more 

stable, efficient and thus competitive GVBE (Noran & Romero, 2014). 

 

 Next, the GVBE is launched into Operation. The SoS and CN areas can provide specific network 

supervision and behavioural models (e.g. the GVBE governance model - including principles, rules and 

bylaws (Romero, et al., 2010) (Rabelo, et al., 2014) that help the GVBE management predict and 

mitigate potential turbulence and instability within the breeding environment. This is especially true as 

GVBE members and support institutions, and the GVBE itself as a whole will typically undergo various 

continuous improvement projects while operating (e.g. enhancing readiness for collaboration projects).  

 

 

 



EA frameworks may assist in this regard by providing artefacts that distinguish between repeatable 

lifecycle phases and unique life history stages: at any given time during their life history, the GVBE 

itself and/or GVBE members thereof may repeat the same several lifecycle phases, such as for 

continuous improvement purposes. The GVBE can undergo some small design changes (called                    

the evolution stage), for example change or improve existing business processes to gain new 

efficiencies, test them and release the improved version into operation. This type of change is to be 

managed using the GVBE’s governance processes that use the GVBE’s operational policies and rules 

in force at time. These processes are responsible for governing both the operational and administrative 

processes of the GVBE (Romero, et al., 2007), so they do not negatively affect GVBE performance and 

stability (Noran & Romero, 2014). 

 

 Another important (although often overlooked or misunderstood) lifecycle phase is decommissioning. 

Depending on the life history stage i) decommissioning processes may be performed because of                     

the need for a complete dissolution of the GVBE, or ii)  decommissioning of small parts of the GVBE 

may be undertaken so as to release into operation improvements that are the result of some design 

processes, or iii) decommissioning of substantial part of the GVBE may be effected if a complete 

refurbishment is necessary;  such  a radical restructure is also known as GVBE metamorphosis and may 

include a complete prior re-conceptualization of the GVBE, involving the identification and concept 

phase processes. Irrespective of whether the GVBE is dissolved or revamped, the accumulated GVBE 

heritage (knowledge and bag of assets) must be preserved by abstracting the lessons learned into 

reference models for preservation and/or future use through an inheritance process (Loss, et al., 2006b) 

(Karvonen, et al., 2007). The IE and CN literature can help here with models of industrial eco-system 

evolution or dissolution and GVBE inheritance, while EA can assist with conceptualising such 

inheritance (cf. ‘enterprise DNA’ (Nemes & Mo, 2010)) and the creation of a transition plan towards 

the GVBE retirement or redeployment (Noran & Romero, 2014). 

 



Table 7 – Potential Drivers and Enablers in the Set-up and Operation of a GVBE (Adapted from (Noran & Romero, 2014)) 

                Factors 

Lifecycle 

External Factors (Drivers) Internal Factors (Enablers) 

Market Support Society Legislation IE 
CN ST || SE || SoS  EA 

GVBE lifecycle GVE lifecycle   

Identification 
Green  

Consumers 

Non-

Governmental 

Environmental 

Organisations 

Total Available 

Green Markets 

(Environmental 

Awareness) 
Governmental 

Environmental 

Pressures 

Discovering 

Industrial 

Symbiosis 

Opportunities 

GVBE Creation 

(Initiation and 

Recruiting) 

Green 

Collaboration 

Opportunities 

Identification 

Integration and 

Interoperability 

Opportunities 

Discover 

Sustainability & 

Consequent 

Challenges 

Conceptualisation 

New 

Green  

Customer  

Profile 

New 

Support 

Institutions 

Serviceable 

Addressable 

Market 

Closed-Loop 

Systems Models 

Green 

Collaboration 

Opportunities 

Characterisation 

Integration and 

Interoperability 

Challenges and  

Readiness 

GVBE Management 

and Green Product 

Concepts 

Requirements 

New 

Green Value 

Propositions 

(Goods and 

Services) 

New 

Green 

Partnerships 

Target 

Green Markets 

Environmental  

Laws 

& 

Regulations 

Technical, 

Economic, 

Political, 

Information, 

Organisational 

Requirements 

GVE Partners 

Selection Criteria 

based on Green 

Competency 

Assessment 

Integration and 

Interoperability 

Requirements to 

meet challenges 

GVBE Policies 

Functional, 

Information, 

Resources, 

Organisation 

(FIRO) 

Architectural 

Design 

Segment 

Green Markets 
Green Standards 

e.g. 

ISO14001 (2004) 

Industrial            

Eco-Systems 

Typology 

GVE Rough 

Planning 

(Topology, 

Activities, Tasks, 

Budget,                     

KPIs, Risk) 

Integration and 

Interoperability 

Approaches 

FIRO, Mgmt. vs. 

product, Human 

AS-IS and               

TO-BE modelling 

Detailed Design 

Green Markets 

Entry Strategy 

Planning 

Industrial            

Eco-System 

Technical Model 

GVE Detailed 

Planning 

(WBS, Gantt);        

CN partial models 

Integration and 

Interoperability 

Solutions 

FIRO, Mgmt. vs. 

product, Human SW 

vs. HW, modelling 

Implementation 
Green  

Marketing 

Collaboration 

Agreements 

Green Markets 

Entry Strategy 

Execution 

Green Behaviour 

Compliance 

Industrial            

Eco-System 

Business Model 

GVBE Creation 

(Foundation) 

GVE Launching 

(Contracts and 

Agreements) 

Integration and 

Interoperability 

Implementation 

Projects 

Customised 

Transition 

Methodologies 

Operation 
Sustainable 

Consumption 
Joint Ventures 

Industrial            

Eco-System 

Operation 

Principles 

GVE Operation/ 

Evolution 

GVE Management, 

Coordination and 

Supervision 

Mechanisms 

Network 

Evolutionary  

and Emergent 

Behaviour 

Continuous 

Improvement 

Management;          

Life History vs. 

Lifecycle 

Decommissioning  

or Revamping 

Recycling 

Behaviour 

Sharing 

Experience 

Green Markets 

Evolution 

Environmental   

Regulations 

Evolution 

Industrial            

Eco-System 

Evolution or 

Dissolution 

GVBE 

Metamorphosis         

or Dissolution 

GVE Inheritance 

Management 
 

Customised 

Retirement / 

Transition 

Methodologies 

 

  



5.2.2. The ARCON Modelling Framework in the Context of this Research12 

 

A brief review of the ARCON framework is provided in this section in order to support the development 

of the combination of ARCON and GERAM in Section 5.2.3.  In Romero & Molina (2009a), a VBE 

reference model focused on providing a comprehensive overview of the key elements/components of                     

a breeding environment in general, and the main requirements to create and manage one during its entire 

lifecycle was modelled and derived from the ARCON modelling framework (Camarinha-Matos & 

Afsarmanesh, 2007a) (Camarinha-Matos & Afsarmanesh, 2008).  

 

Table 8 presents the VBE reference model endogenous elements, identifying the set of characteristic 

properties that can together capture the VBE constituting elements (Romero & Molina, 2009a): 

 Structural elements - addressing the VBE network structure in terms of its constituents’ elements: 

o Actors, roles and their relationships. 

o Network topology. 

 Componential elements - focusing on the VBE resources composition: 

o Human resources. 

o Technological resources (e.g. hardware, software).   

o Information/knowledge resources. 

o Ontology resources (e.g. unified and formal representation of heterogeneous knowledge). 

 Functional elements - attending the VBE base functions/operations related to the different            

VBE lifecycle stages: 

o VBE processes. 

 Fundamental/Main processes. 

 Background/Auxiliary/Supporting processes. 

o VBE procedures. 

o VBE methodologies. 

 Behavioural elements - covering the VBE governance model that drives and constrains                          

the VBE and its members behaviour: 

o VBE principles. 

o VBE policies. 

o VBE governance rules. 

 

Table 8 – VBE Reference Model: Endogenous Sub-Space (Romero & Molina, 2009a) 

Structural Componential Functional Behavioural 

Actors: 

 Private 

Organisations 

 Government 

Institutions 

 NGOs 

 

Roles: 

 VBE Member(s) 

 VO Support 

Provider 

o Opportunity 

Broker 

o VO Planner 

o VO Coordinator 

 

Physical Resources: 

 Machinery 

 

ICT Resources: 

 Hardware 

o ICT-Infrastructure 

 Software 

o VBE Management 

System 

 

Human Resources: 

 VBE Staff 

 

 

 

 

Fundamental Processes: 

 Membership and Structure 

Management 

o New VBE Members 

Registration 

o VBE Members Roles, 

Rights & Responsibilities 

Management 

o VBE Members 

Rewarding Management 

 Profiling & Competency 

Management 

o Profiling Management 

o Competency 

Management 

 

Prescriptive Behaviour: 

 Cultural Principles: 

o Regional Traditions 

o Business Culture 

o NGO Culture 

o VBE Culture: 

 Commitment 

 Leadership 

 Trust 

 Self-learning 

 Long-term and 

Global Vision  

 Effective 

Communication 

 Innovation 

 

                                                           
12 This review is based on (Romero & Molina, 2010), a refereed article published by the author during his previous research work. 



 VBE 

Administrator 

 VBE Support 

Provider 

o Ontology 

Provider 

o Service Provider 

o Support 

Institution 

 Public (Guests) 

 VBE Advisor(s) 

 

Relationships: 

 Networking 

 Coordination 

 Cooperation 

 Collaboration 

 

Network Typology: 

 Long-term 

Strategic Network: 

Virtual 

organisation 

Breeding 

Environment 

(VBE) 

o Size 

o Location 

o Domain 

o Collaboration 

Drivers 

o Orientation 

(Value Systems) 

o Dynamism  

o Outputs  

 

Info./Knowledge 

Resources: 

 VBE-Itself, VOs and              

VBE Members Profile 

& Competency 

Information 

 VBE Governance 

Information 

 VBE Value System 

Information 

 VBE Support 

Institutions 

Information 

 VOs Information 

 VBE Bag of Assets: 

o Documents, Books, 

Leaflets as 

Guidelines 

o Contracts Template 

to speed-up 

contracting 

o Information of 

Interest 

o Link to other 

Sources of 

Information 

o Lessons Learned 

 VBE Inheritance 

Documentation 

 VO Inheritance 

Documentation 

o FAQs 

 

Ontology Resources: 

 VBE Ontology (Top, 

Core & Domain 

Levels) 

 

 Trust Management 

o Among VBE Members 

o Between VBE Admin. 

and VBE Members 

o Between VBE/VO and             

the Customer 

 Performance Management 

o VBE Performance 

o VOs’ Performance 

o VBE Members 

Performance 

 Decision Support 

Management 

o VBE Competency Gap 

Analysis 

o Lack of Performance 

Warning 

o Lack Trust Level 

Warning 

 VO Creation Management 

o Collaboration 

Opportunity 

Identification 

o Collaboration 

Opportunity 

Characterization and                       

VO Rough Planning 

o Partners Search and 

Suggestion/Selection 

o Agreements/Contracts 

Negotiation 

 VO Information 

Management 

o VO Registration 

Management 

o VO Inheritance 

Information Management 

 

Background Processes: 

 Strategic Management 

 Marketing/Branding 

Management 

 Financial Management 

 Accounting Management 

 Resources Management 

 Governance Management 

 VBE Bag of Assets 

Management 

 Value System Information 

Management 

 Ontology Management 

 ICT Management 

 Support Institutions 

Management 

 Innovation Management 

 Governance Principles: 

o Honesty, Trust and 

Integrity 

o Openness 

o Performance 

Orientation 

o Responsibility and 

Accountability 

o Mutual Respect  

o Commitment to VBE 

o Membership 

Eligibility Principles 

o Leadership Role 

Principles 

o Contract 

Enforcement Policy 

o Brokering Principles 

o Decision-Making 

Principles 

o Rewarding and 

Sanctioning 

Principles 

o Interoperability 

Principles 

 

Obligatory Behaviour: 

 Bylaws: 

o Rights & Duties 

Policies 

o Membership Policies 

o Security Issues 

o Conflict Resolution 

Policy 

o Financial Policies 

o Amendments to 

Bylaws 

o Intellectual Property 

Rights Policies 

 Internal Regulations: 

o ICT User Guidelines 

o Sanctions Principles 

 

Constrains & 

Conditions: 

 Adhesion Agreement 

 Agreement 

Amendments 

 

Contracts & 

Agreements: 

 Confidentiality 

Constrains 

 Legal Constrains  

o Legal Contracts 

 



Procedures: 

 VBE Creation Procedures:  

o VBE Initiation & 

Recruiting 

o VBE Foundation 

 VBE Operation Procedures 

 VBE Evolution Procedures 

 VBE Dissolution 

Procedures 

 

Methodologies: 

 VBE Management 

Methodologies                 

 VO Creation 

Methodologies                   

 VBE 

Consortium 

Contract 

 VO Contracts 

 

 Internal Normative 

Constrains 

 Physical Constrains 

 

Incentives & Sanctions:  

 Incentives Policy and 

Rewarding 

 Sanctions Policies 

 

Table 9 in turn presents the VBE reference model’s exogenous elements, revealing the VBE’s interactions 

with its surrounding environment (Romero & Molina, 2009a), such as:  

 Market elements – addressing the VBE interactions with its customers and competitors. 

 Support elements – attending the support services provided by third-party institutions. 

 Societal elements – capturing the interactions between the VBE and society in general. 

 Constituency elements – focusing on the interaction with potential VBE members. 

 

Table 9 – VBE Reference Model: Exogenous Sub-space (Romero & Molina, 2009a) 

Market Support  Societal Constituency 

Network Identity 

Statement: 

 VBE Mission Statement 

 VBE Vision Statement 

 VBE General Strategy  

 VBE (Long-term) Goals 

 

References/Testimonials 

 

Network Profile: 

 Who are we? 

 How to contact us? 

 

Market & Branding 

Strategy: 

 Marketing/Advertisement 

Strategy 

o Broadcast 

o Direct 

 Branding Strategy 

 

Market Interactions: 

 Customers (of the VBE 

& VO): 

o Strategic Customers 

o Potential Customers 

 Competitors: 

 

Network Social Nature: 

 Profit 

 Non-Profit 

 Governmental 

 NGO 

 

Support Entities: 

 Certification Entities: 

o National Institutions 

o International 

Institutions 

 Insurance Entities:  

o Private Institutions 

o Public Institutions 

 Logistics Entities 

 “Standard” Registries: 

o Clearing Centres 

o Mater Data Providers 

 Financial Entities: 

o Banks 

o Investors 

o Sponsors 

 Coaching Entities: 

o Advisers 

o Individual Experts 

 Training Entities: 

o Advisers 

 

Network Legal Identity: 

 Legal Status 

o Legal Entity 

o Informal Entity 

 Values & Principles 

 

Impacts: 

 Advertising VBE 

Competency Domain 

 VO Creation 

 

Legal Issues: 

 Conflict Resolutions 

 Intellectual Property 

Rights 

 

Public Interactions: 

 Governmental 

Organisations: 

o Social Security 

o City Hall 

o Civil Defence 

 Associations 

 Interest Groups 

o Supporters 

o Opponents 

 Regulatory Boundaries 

 Other Entities 

Attracting Factors: 

 VBE Reason for 

Existence 

 Attracting & 

Recruiting Strategy  

o Advertising 

o Industrial Fairs 

o Motivating 

Community 

Participation 

o Incentives 

 

Rules of Adhesion: 

 Charter of 

Foundation 

 Rewards 

mechanism for 

Enrolment 

 Notice of 

Termination of 

Business 

 

Potential Members: 

 Business 

Organisations 

o Private 

Institutions 

 



o Direct Competitors 

o “Indirect” Competitors 

 (Potential) Suppliers 

 Substitutors 

 Complementors 

 

Interactions/Transactions: 

 Bidding 

 Handling Inquiries 

 Contracting (with 

Customers) 

o Professional 

Associations 

o Individual Experts 

 Research Entities: 

o Universities 

o Research Institutes 

 

Service Acquisition: 

 Financial Relation 

 Technological Service 

 Training Action 

 Coaching Action 

 Guarantee Action 

 Knowledge Transfer 

 Consulting Service 

 

Agreement 

Establishment 

 Agreements 

 Contracts 

 Covenants 

Public Relations: 

 Political Relations 

 Seeking Support 

 Information Transfer 

o Broadcast 

o Direct 

 Social Relations 

o Cultural 

o Patronage 

 Building Reputation 

 Building Success Cases 

o Individual 

Experts 

 Public Institutions 

 

Sustainability 

Factors: 

 Members 

Searching: 

o Invitation 

o Solicitation 

 Rewarding 

 

Furthermore, in Romero & Molina (2011b), a GVBE reference (modelling) framework has been proposed 

as a common framework offering a clear approach for conceiving sustainable and fully flexible forward 

and reverse supply networks, within a breeding environment context, based on a set of five building blocks: 

targets, main actors, operating principles, lifecycle and supporting technologies, to create and manage 

GVEs (see Section # of this thesis). 

 

The work of Romero & Molina (2009a) introduced a standard VBE reference model that should later be 

instantiated into more particular models as a VBE starts its sustainable development maturity journey to 

become an advanced Green Virtual Enterprises Breeding Environment (GVBE). This was framework was 

based on six evolutionary models of maturity established as a GVBE sustainability continuum by Romero 

& Molina (2014) (Section # of this thesis): 

 Standard VBE – “An association of enterprises and their related support institutions operating in   

a common business sector or reduced number of sectors that collaborate with each other in order 

to increase general competitiveness”. 

 Eco-labelled GVBE – “An association of enterprises and their related support institutions 

recognised for their enhanced environmental practices by eco-standards like ISO 14000 and              

eco-labels such as PALME (Programme d’Actions Labelise pour la Maitrise de l’Environment) for 

industrial parks”. 

 Environmental GVBE – “An association of [early stage] green enterprises and their related support 

institutions manufacturing and/or offering environmental responsible products, services and/or 

technologies to the market/society”. 

 Eco-efficient GVBE - “An association of [intermediate] green enterprises and their related support 

institutions working to reduce resources intensity [material, energy and water], control pollution 

[quantity and toxicity of all emissions and waste] and minimise collective waste outputs [e.g. lean 

philosophy: transport, inventory, motion, waiting, over-production, over-processing, defects, 

etc.]”. 

 Industrial Symbiosis GVBE – “An association of [advanced] green enterprises and their related 

support institutions optimising the use of resources, closing material loops and minimising 

emission, dematerialising activities, and reducing and eliminating the dependence on non-

renewable sources of energy”. 



 Eco-Industrial GVBE – “An association of [advanced] green enterprises and their related support 

institutions creating green collaborative benefits such as: exploring emerging green markets, 

increasing activities/profit in a sustainable way, copying with market green trends and 

environmental regulations, joint purchasing (better negotiation power), joint promotion (eco-

branding/marketing), social and environmental responsibility prestige/reputation, sustainable 

innovation as differentiator, shared commuting and shipping, alternative green packing, integrated 

green logistics, common environmental information systems, green production technology sharing 

and integration, etc. As well as guaranteeing a balanced membership of producers, scavengers and 

decomposers creating industrial symbiosis opportunities for sharing and recycling resources such 

as: information, materials, water, energy and/or infrastructure”.   
 

This thesis aims to systematise a GVBE toolkit using the following artefacts developed during the author’s 

previous research: 

 A VBE Reference Model (Romero & Molina, 2009a). 

 A VBE Business Process Management Framework (Romero & Molina, 2009b). 

 A GVBE (Modelling) Framework (Romero & Molina, 2011b). 

 A GVBE Sustainable Development Maturity Model (Romero & Molina, 2014b). 

 A GVBE Viable System Model (Romero & Noran, 2015). 
 

5.2.3. The Research Framework: Combining GERAM + ARCON Modelling Frameworks13 

 

These sub-sections present a combination of the two architecture-modelling frameworks reviewed in 

Chapter 4: GERAM and ARCON. This exercise provides a clarification of the lifecycle vs. life history 

concepts, and highlights the GERAM’s recursive system of systems aspect for CNOs such as a GVBE 

(Rabelo, et al., 2015). 
 

5.2.3.1. Combining GERAM + ARCON Modelling Frameworks 

 

Fig. 13 presents the lifecycle phases and processes involved in the creating of a VBE (according to 

GERAM), inspired by the description of the VBE lifecycle stages (viz. creation, operation, evolution, 

metamorphosis, dissolution) as defined by Afsarmanesh & Camarinha-Matos (2005) and adopted by                    

the ARCON modelling framework (Camarinha-Matos & Afsarmanesh, 2007a) (Camarinha-Matos & 

Afsarmanesh, 2008). Note that in Fig. 13Fig. 13 processes are presented in a condensed way, as the details 

are not essential for understanding the combination of the two main frameworks and their relationship.                 

A detailed description of each lifecycle process and how these processes were identified and derived from 

the current body of knowledge on CNOs can be found in Romero & Molina (2009a) and Rabelo, Bernus & 

Romero (2015). 
   

When discussing the lifecycle processes in GERAM (or lifecycle stages in ARCON) involved in creating, 

operating, evolving, etc. a GVBE or in general a CNO, it is customary to categorise these processes 

according to the level of abstraction at which they consider that system. This is done by defining                      

(from abstract to concrete) such lifecycle processes that define the identity, develop the concept, specify 

the requirements, and design, build, operate, and decommission the system. These types of processes are 

called lifecycle phases in GERAM, because their instances are repeatedly executed, often in parallel, and 

there is considerable amount of feedback (constraining relationships) involved (IFIP-IFAC Architectures 

for Enterprise Integration, 2003).  

 

 

 

                                                           
13 This section is based on (Rabelo, Bernus & Romero, 2015), a refereed article (See Appendix) published by the author during his candidature. 



In the context of CNOs, and therefore GVBEs, lifecycle processes cannot be seen only from the classical 

engineering perspective, where processes are always deliberately performed. In the present collaborative 

context, processes are often related to social phenomena, which means agreeing to a certain level of 

commonality in order to reduce and if possible avoid unpredictability of success processes during                  

the GVBE lifecycle (Rabelo, Bernus & Romero, 2015). 

 

 

Fig. 13. GVBE: a) Lifecycle Phases, b) Stages of Life (Adapted from (Rabelo, Bernus &                         

Romero, 2015))*, and c) Modelling Dimensions: Endogenous & Exogenous (Camarinha-Matos & 

Afsarmanesh, 2008) 

 

*Adapted and specialised by the author to GVBEs and for becoming the research framework for this thesis. 

 

A GVBE can evolve throughout its life in stages, and each stage can involve the execution of the same type 

of lifecycle processes many times over (Rabelo, Bernus & Romero, 2015). 

 

The GVBE evolution may involve various kinds of structural, componential, functional and/or behavioural 

changes derived from feedback processes triggered by internal or external events that call for improvements 

that could include e.g. the recruitment, assessment and selection of new GVBE members and support 

institutions (structural change), the enlargement or reduction of the GVBE collaborative ICT business 

infrastructure services and/or bag of assets (componential change); the design, operation and control of new 

business processes and management approaches (functional change); or amendments to the GVBE 

governance model (behavioural change), so a GVBE evolves throughout its life adapting itself to reach its 

objectives (Romero & Molina, 2009a) (Rabelo, Bernus & Romero, 2015). 

 

Both the GVBE itself as a whole and supporting subsystems (its GVBE members) have stages of life that 

together cover their respective lifespans, and each have a respective lifecycle, that consist of their specific 

(lifecycle) processes (types) (Rabelo, Bernus & Romero, 2015). 
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Each phase has processes (e.g. project consists of GVBE design and GVBE preparation processes) and 

activities (the set of actions performed within each process). Process scopes are not always perfectly 

determined and the control and information flow can vary due to the intrinsic non-linearity of enacting           

a GVBE (represented as dashed lines in Fig. 13) (Rabelo, Bernus & Romero, 2015). 

 

These processes are continuously performed / instantiated throughout the stages of the GVBE life.                 

The GVBE is initially devised, prepared, set-up and launched (GVBE Creation: Initiation, Recruiting & 

Foundation), it reaches operation and gradually evolves as it goes (GVBE Operation & Evolution), and 

may need deep changes in its identity (GVBE Metamorphosis), or can even reach closure (GVBE 

dissolution). Note that ‘metamorphosis’ is defined as a substantial change in some of the identity attributes 

of the GVBE, so triggering a kind of GVBE re-Foundation that it is rooted in the GVBE’s earlier existence, 

but still will involve a deep transformation in its goals, strategy, business processes, infrastructure, 

governance and membership. If a GVBE metamorphosis cannot allow the breeding environment to become 

again self-sustainable and/or competitive, then a GVBE ‘dissolution’ will take place (Rabelo, Bernus & 

Romero, 2015). 

 

What follows is a description of the lifecycle phases. Note that the name ‘phase’ of ‘lifecycle phase’ 

suggests that these ‘phases’ consider the GVBE on different levels of abstraction. If one goes from left to 

right in Fig. 13, these processes reveal more and more concrete detail, and they may be repeated by being 

instantiated during the stages of the GVBE’s life, as well as use information feedback from previous 

instantiations of any of the phases through evolving cycles (Rabelo, Bernus & Romero, 2015). 

 

 Strategic Planning phase (GVBE Creation – Initiation):  

o Strategy definition process based on an environmental analysis activity (viz. market, 

economic and technological analyses) to identify the business drivers for the GVBE 

creation and the business attractors (reasons) for organisations to join the GVBE.  

o Strategy planning process based on the following activities: 

 Goal setting and strategy analysis (viz. mission, vision, goals). 

 Strategy formulation (viz. business plan and business model). 

 

 Project phase: (GVBE Creation – Initiation): 

o Strategy implementation process divided in: 

 GVBE business processes definition. 

 ICT infrastructure definition. 

 Governance structure definition.  

 

 Deployment phase: (GVBE Creation – Recruiting & Foundation): 

o ICT infrastructure set-up & run. 

o Governance structure establishment. 

o GVBE members’ registration process. 

 Invitation or Reception of membership applications. 

 Membership assessment. 

 Acceptance/Rejection of membership applicants. 

o GVBE Launching 

 

 Execution phase: (GVBE Operation): 

o GVBE actors management 

o GVEs creation management 

o GVEs management 

o GVBE general management 



 Conclusion phase: (GVBE Dissolution): 

o Shared assets dissolution. 

o GVBE inheritance (knowledge transfer). 

o Shutdown ICT infrastructure. 

o Communicate GVBE closing. 

 

 Sustenance phase: (GVBE Evolution or Metamorphosis): 

o GVBE evolution will revise the execution phase in order to determine if non-substantial 

changes can be conducted in order to improve the GVBE performance.  

o GVBE metamorphosis will call the phases of strategic planning, project, deployment and 

execution in order to conduct substantial changes.  

 

5.2.3.2. The Research Framework 

 

The combination of the two modelling frameworks: GERAM + ARCON, has been performed and adopted 

as a research framework for this thesis.  

 

Previous published research of the author proposed various elements of a toolkit for GVBEs creation and 

management (namely, a VBE Reference Model (Romero & Molina, 2009a), a VBE Business Process 

Management Framework (Romero & Molina, 2009b), a GVBE (Modelling) Framework (Romero & 

Molina, 2011b). More papers (published during this candidature), developed a GVBE Sustainable 

Development Maturity Model (Romero & Molina, 2014b), and a GVBE Viable System Model (Romero & 

Noran, 2015)), while the present thesis sets out to prove that these elements can be systematised through a 

combined modelling framework (GERAM + ARCON) as a reflective tool and checklist to a certain extent 

of the completeness of the GVBE toolkit. 

 

Therefore, according to such systematisation one can/will be able see what the toolkit provides and what it 

does not, and therefore, must be complemented by the end-user. For example, it becomes clear that                     

the toolkit consists of reference models, which describe GVBE creation processes on the ‘concept’ and 

‘requirements’ levels, and some (but not all) on the ‘architectural design’ level, however, they do not 

normally cover tools on the detailed design level, which must therefore be covered by the end-user. 

 

Furthermore, the GVBE toolkit (as it stands as a collection of papers) has only minimal description of                              

the information aspect of the lifecycle processes (such as actual data exchange standards and protocols),           

so the end-user needs to consider whether that must be added on an individual basis (in case this is not 

automatically covered by commercial off the shelf tools selected on the detailed design level).  

 

Using the combined GERAM + ARCON modelling frameworks as the research framework for this thesis, 

allows us to delineate the results’ boundaries, as well as (directly or indirectly) identify areas that could             

be addressed in further research. The thesis as such is about the systematization not about the individual 

elements being systematised.  

 

In summary, using the ARCON modelling framework alone does not have the constructs to express                    

the dynamic lifecycle relationships among the involved entities but the GERAM architecture framework 

does. Conversely, GERAM’s modelling framework alone does not give sufficient guidance about specific 

modelling aspects of a GVBE as a long-term collaborative network, but ARCON does. 

 

Note that Section 2.3.1.2 (see Table 3) contains another mapping of the GVBE toolkit, investigating an 

additional level of (important) detail in this research; namely looking at the set of management tasks defined 

in the toolkit against a set of tasks known to be complete. This investigation will be using a high reference 

model for management in general, but more specific details will be provided later in the thesis. 



5.3. Formalised Research Questions 

 

Having adopted a research framework, the research question can now be expressed in a more formal way 

than the informal question stated in Chapter 1. Accordingly, the question addressed by this thesis is: 

 

Is it possible to build a complete toolkit synthetizing the main concepts, methods and tools to create and 

manage Green Virtual Enterprise Breeding Environments (GVBEs)? 

 

This question does not ask whether it is possible to create a toolkit, but whether it is possible to create a 

complete toolkit (or if not, then to what extent); therefore, to answer the main question there is a need                      

to find the answer to a secondary research question, namely: 

 

Can the knowledge within this toolkit be systematized by means of one, or a combination of reference 

architecture frameworks, populated with reference models? 

 

 

  



6. Green Virtual Enterprise Breeding Environment Toolkit 

 

A GVBE toolkit is defined in this thesis as a set of reference concepts, models, frameworks, methods, and 

systems and tools that can be used to create and manage a Green Virtual Enterprises Breeding Environment. 

 

In the next Sections, from Section 6.1 to 6.9, the different artefacts (or reference models) of this GVBE 

toolkit are introduced and finally systematized in the Section 6.10. 

 

A particular difficulty, when reading this chapter, arises from the fact that various elements of the GVBE 

toolkit evolved over a decade (including during the research project documented in this thesis), but so did 

the associated terminology. For this reason, there exists certain level of heterogeneity in the presentation of 

the tools, which fact highlights the need for systematization (which has indeed been identified as the main 

aim of this thesis).  

 

6.1. Green Virtual Enterprise Breeding Environments Three-Level Holistic Sustainable Industrial 

Development (Reference) Model 14 

 

A GVBE can be a three-level holistic sustainable industrial development model (see Fig. 14) for achieving 

a Circular Economy at a micro-level with its green enterprises development, at meso-level with green virtual 

enterprises creation and at a macro-level with the GVBE it-self as an intelligent network for competencies 

and resources management from different green enterprises aiming to combine their green capabilities to 

develop triple top-line strategies to create sustainable value. This section provides basic concepts and 

general guidelines to create sustainable industrial development models for Circular Economy based-on 

Collaborative Networked Organisations (Romero & Molina, 2012). 

 

 
Fig. 14. GVBE Three-Level Holistic Sustainable Industrial Development Model                                      

(Romero & Molina, 2012) 

 

                                                           
14 This section is based on (Romero & Molina, 2012), a refereed article published by the author during his previous research work.  



6.1.1. Green Enterprises: Circular Economy’s Micro-Level  

 

A Green Enterprise is an enterprise that strives to meet the triple bottom line by ensuring that all products, 

processes, manufacturing and logistics activities in its business operation address the sustainable principles 

(Romero & Molina, 2010) (Romero & Molina, 2012) (see Fig. 15).  

 

 
Fig. 15. Green Enterprise Operating Principles (Romero & Molina, 2012) 

 

According to the Circular Economy literature, the baseline of a strategy to develop a Circular Economy 

starts with the establishment of more Green Enterprises in the industrial landscape, representing the micro-

level (small-cycle) of a sustainable industrial development model. Modern enterprises should then adopt 

“green enterprise systems” (see Fig. 16) (Graedel & Howard-Grenville, 2005) in their business operation 

in order to become Green Enterprises, continuously monitoring, analysing, re-designing and implementing  

a triple top-line15 value production (for a product) or a triple top-line value offering (for a service) as 

conditions change and new opportunities emerge for achieving new sustainability levels. Green Enterprises 

aim to change the way products are manufactured and the way services are provided to the customers 

towards a sustainable enterprise development model (Tueth, 2010) (Romero & Molina, 2012). 

 

                                                           
15 A triple top-line value production or offering establishes three simultaneous requirements of sustainable business activities: financial benefits 

for the enterprise, natural world betterment, and social advantages for employees. Though this is sometimes called the triple bottom line, triple 

top line stresses the importance of initial value rather than after the fact effects (Tueth, 2010). 



 
Fig. 16. Green Enterprise Systems / Technologies (Romero & Molina, 2012) 

 

Despeisse et al. (2012) have proposed a “conceptual factory ecosystem model”, which can be considered 

as a candidate to define a Green Enterprise reference model, focusing on resources flows to identify 

potential connections where outputs of some activities can be used as inputs elsewhere in the system rather 

than treated as losses or wastes leaving the system (e.g. industrial symbiosis16 (Chertow, 1998) at                     

intra-enterprise level – see Fig. 17). This ecosystem view of a factory, an eco-factory, can be used to build 

cross-disciplinary models of the material, energy and waste flows linking the manufacturing operations,   

the supporting facilities and the surrounding buildings (Despeisse, et al., 2012) (Romero & Molina, 2012). 

 

Furthermore, other sustainability strategies as factory level include: at the source, preventive measures such 

as product and process design and dematerialisation to reduce the intake of resources in the technosphere; 

during manufacturing, with technical  and organisational measures to increase the efficiency with which 

resources are transformed into economically valuable products; and at the end of product lifecycle, with 

closed-loop circulation of resources with the technosphere through reuse, remanufacturing and recycling 

(Despeisse, et al., 2012) (Lovins, et al., 1999) (Allwood, 2005) (Abdul Rashid, et al., 2008) (see also 

(Graedel & Howard-Grenville, 2005) for Greening the Industrial Facility) (Romero & Molina, 2012). 

 

                                                           
16 Industrial Symbiosis can be defined as an industrial ecology strategy, based on collaboration and synergetic possibilities, aimed at 

sharing/exchanging information, materials, water, energy and/or infrastructure (e.g. services) among industrial actors in order to increase economic 

gains and achieve sustainable development in an eco-industrial network (Chertow, 1998). 



 
Fig. 17. Industrial Symbiosis at Intra-Enterprise Level (Romero & Molina, 2012) 

 

At the Circular Economy’s micro-level (Shao-ping & Yun-jie, 2010), Green Enterprises are the access 

point to put pollution prevention in practice by seeking higher efficiency through cleaner production; reduce 

consumption of resources and emissions of pollutants and waste; reuse resources; and recycle by-products 

(Wang & Li, 2005) (Romero & Molina, 2012). 

 

Within a GVBE, a Green Enterprise, as a GVBE member, will be able to develop “collaboratively” new 

green capabilities and capacities in order to re-engineer its “individual” production and distribution 

processes towards eliminating/recycling its wastes to maximise returns per unit of resource consumed, 

sharing/reducing its costs over limited natural resources (e.g. raw materials) and supporting infrastructure 

(e.g. logistics), and increase its green business opportunities and profit by establishing long- and short-term 

strategic coalitions to develop new competitive advantages (e.g. green products, services and processes) 

without compromising critical resources for the future (Romero & Molina, 2010) (Romero & Molina, 

2011b) (Romero & Molina, 2012). 

 

Moreover, a GVBE can offer its members the “collaboration opportunity” to share lessons learned 

(knowledge) and other kind of tangible and intangible assets towards developing new technologies and 

standards in regards to the minimisation of pollution and the reuse, recycling, conversion and safe-disposal 

of waste, and new lifecycle frameworks to optimise the use of water, energy and materials at intra-

enterprise level in order to minimise environmental impact (Romero & Molina, 2010) (Romero & Molina, 

2011b) (Romero & Molina, 2012). 

 

 

 

 

 

 

 



6.1.2. Green Virtual Enterprises: Circular Economy’s Meso-Level  

 

Green Virtual Enterprises (GVEs) are short-term and dynamic coalitions of green enterprises, that may be 

tailored within a GVBE, to respond to a single collaboration opportunity, through integrating the green 

technology (skills or core-competencies and resources) required to meet or exceed the quality, time and 

cost frames expected by the customer with a low ecological footprint, and that dissolve once their mission/ 

goal has been accomplished, and whose cooperation is supported through computer networks. GVEs 

represent an emerging sustainable manufacturing and logistics mode focused on offering, delivering and 

recovering green products to/from the market, under a lifecycle thinking. GVEs focus on adopting lean-

agile manufacturing and other sustainable engineering and logistics principles in order to enhance 

production, reduce wastes and improve their management, decrease energy consumption, achieve logistics 

efficiency and consequently reduce production and logistics costs and environmental impact (Romero & 

Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012). 

 

GVEs as goal-oriented collaborative networks can be designed within a GVBE with two different aims, on 

the one hand to become dynamic forward supply networks for delivering new green products/services to 

the market, and on the other hand to become dynamic reverse supply networks for recovering the products 

sold under the GVBE brand (e.g. product stewardship) for direct-use, repair, re-manufacture, recycle or 

safe-disposal. The two GVE modalities proposed will be crafted within a GVBE in where Green Enterprises 

will be prepared and ready to participate in dynamic forward and reverse supply networks created according 

to the needs and opportunities of the market, and remain operational as long as these opportunities persist, 

offering in this way an assertive approach towards the market dynamicity and true sustainability (Romero 

& Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012). 

 

GVEs as dynamic forward supply networks (F-GVEs) are temporary alliances of green enterprises that come 

together in order to better respond the market demands through the most efficient use of their 

complementary skills or core-competences and shared resources, for developing and delivering in a 

sustainable way new products (goods and services) to the customer with a minimal environmental impact 

(Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012). 

 

GVEs as dynamic reverse supply networks (R-GVEs) are temporary alliances of green enterprises that come 

together in order to better respond a business opportunity based on a sustainable reverse logistics and end-

of-life manufacturing approach for recovering products, parts, subassemblies and/or scrap through the most 

efficient use of their complementary skills or core-competences and shared resources for their direct-use 

(re-use), repair, re-manufacture, recycle or safe disposal - within a GVBE (Romero & Molina, 2010) 

(Romero & Molina, 2011b) (Romero & Molina, 2012). 

 

At the Circular Economy’s meso-level (Shao-ping & Yun-jie, 2010), GVEs will help to respond to emerging 

interdependence opportunities and potential synergies between GVBE members’ participating with their 

“individual” production and distribution processes (see Fig. 17) as GVE partners in temporary eco-value 

networks (the GVEs), so the waste and surplus of downstream operations within the GVEs lifecycle 

(creation, operation/ evolution and dissolution), through a certain degree of technical processing, return to 

the upstream operations of other GVEs and/or GVBE members within the GVBE in order to close the loop 

(see Fig. 18) (Romero & Molina, 2012). 



 
Fig. 18. Industrial Symbiosis at Inter-Enterprise Level (Romero & Molina, 2012) 

 

In this sense, industrial symbiosis opportunities at inter-enterprise level will take place within the GVEs 

lifecycle and also within the GVBE members individual business operations, including opportunities in 

where some inputs for a GVBE member as an individual entity and/or a GVE as a group entity can be 

collected from the waste and surplus of downstream operations of other businesses (the GVBE members 

and the running GVEs) in real-time and/or from the waste and surplus and/or abandoned resources stored 

by the GVBE members and GVEs after their dissolution in the GVBE bag of assets17 (Romero & Molina, 

2010) (Wang & Li, 2005) (Lie, 2011) (Romero & Molina, 2012). 

 

Moreover, R-GVEs will support the logistics to share, reuse and recycle all potential resources (e.g. 

information, materials, water, energy and/or infrastructure) within the GVBE, so that resources will circulate 

fully thought the GVEs’ “collaborative” production and distribution processes. Hence, GVEs will advocate, 

as a shared common operating principle of their GVE partners, to establish an industrial ecology pattern 

aiming to reduce resources input, extend productions lifecycle and renewable resources from scraps 

(Romero & Molina, 2010) (Wang & Li, 2005) (Lie, 2011) (Romero & Molina, 2012). 

 

6.1.3. GVE Breeding Environments: Circular Economy’s Macro-Level 

 

Green Virtual Enterprise Breeding Environments (GVBEs) have as their main goal becoming intelligent 

networks for competencies and resources management in order to match GVEs inputs and outputs (match-

making) to maximise resources utility towards achieving industrial symbiosis at inter-enterprise level (see 

Fig. 18). GVBEs concentrate on bringing their business eco-systems as close as possible to being a closed-

loop system by keeping a close interaction of material, energy, information and technology among their 

members towards a near complete recycle and sharing of resources for producing and delivering green 

products with sustainable manufacturing and logistics practices through GVEs creation, and by recruiting 

new GVBE members that can enhance the network capabilities and capacities to grasp new green business 

opportunities in time and taking into account environmental impact and resources utility. Furthermore, 

GVBEs at intra-enterprise level aim to enhance their members’ green degree level by providing incentives 

                                                           
17 A GVBE bag of assets is a common virtual and physical warehouse to make easier the sharing of tangible and intangible assets between                   

the GVBE members for different purposes (Romero & Molina, 2010) (Romero & Molina, 2011b). 



to share and implement best practices that can reduce natural resources consumption, improve approaches 

for sustainable business operations, reduce (raw) materials costs, reduce treatment and disposal costs, etc. 

to meet economic gains by saving money and protecting the environment (Romero & Molina, 2012). 

 

At the Circular Economy’s macro-level (Shao-ping & Yun-jie, 2010), GVBEs aim to create synergies 

between enterprises and industrial networks for a more efficient and ecological use of materials, energy and 

other resources. GVBEs ultimate goal is to promote a “sustainable management” culture that oversees the 

sharing of information, services, utilities, by-products, and other resources among or within enterprises in 

order to add value, reduce costs, and improve performance in terms of sustainability (Romero & Molina, 

2010) (Wang & Li, 2005) (Lie, 2011) (Romero & Molina, 2012). 

 

6.1.4. Discussion: Collaborative Networks for a Sustainable World 

 

This section introduces a sustainable industrial development model for a Circular Economy - the GVBE 

model - based on the Collaborative Networked Organisations and Industrial Ecology paradigms. The 

model proposes a bottom-up approach towards Sustainable Development and Circular Economy following 

a “sustainable islands approach” (Wallner & Narodoslawsky, 1994). The basic assumption of this approach 

is that development towards sustainability and closed-loop systems can be introduced in a more effective 

and efficient way to an enterprise, a value network and/or a business eco-system by starting from the 

achievement of small sustainable entities (e.g. green facilities or operations  green enterprises) and then 

building block to larger ones (e.g.  GVEs and their GVBEs) through different collaboration mechanisms 

(Wallner & Narodoslawsky, 1994) (Romero, et al., 2009) (Romero & Molina, 2012). 

 

Moreover, the sustainable islands approach (Wallner & Narodoslawsky, 1994) has been used in this 

research work as an assisting mean and roadmap to increase industrial symbiosis and collaboration 

activities at intra- and inter-enterprise levels to develop in a hierarchical way a sustainable industrial 

development model: the GVBE. Furthermore, the strategy is to create islands of sustainability at intra- and 

inter-enterprise levels and then increase eco-networking activities to interconnect the sustainable entities 

(e.g. facilities  enterprises  networks) within a business eco-system to create a true sustainable 

industrial development model for a Circular Economy. Therefore, the GVBE model strategy is to reach 

sustainability in a business eco-system by starting from an intra-enterprise level and then move up to 

diverse inter-enterprise levels by promoting on a lower hierarchical level Green Enterprises creation and 

operation (Romero & Molina, 2010) (Graedel & Howard-Grenville, 2005) (Despeisse, et al., 2012), which 

will allow to increase efficiency and hazardous substitution in the micro-system, and at a higher hierarchical 

level GVEs and their GVBEs creation and operation (Romero & Molina, 2010) (Romero & Molina, 2011b) 

that will help to optimise the macro-system in an interactive way with the creation of F-GVEs and R-GVEs, 

and the recruiting, integration and enhancing of new GVBE members capabilities and capacities for 

developing triple top-line strategies to create sustainable value (Wallner & Narodoslawsky, 1994) (Romero 

& Molina, 2012).  



6.2. Green Virtual Enterprise Breeding Environment Reference (Modelling) Framework 18  

 

The Green Virtual Enterprise phenomenon is nowadays gaining attention worldwide, be it in the form of 

sustainable supply chains, finding its way as a promising paradigm in manufacturing and service industries 

to help enterprises to cope with the challenges of turbulent market conditions in the context of economic, 

environmental and social pressures to achieve a sustainable industrial development model (Romero & 

Molina, 2011b). 

 

However, traditional sustainable supply chain practices tend to value innovations that are incremental in 

nature. As a result, current sustainable supply chain strategies are appropriate to make the supply chain 

“more sustainable”, rather than “fully sustainable”, as a fully sustainable approach may require a complete 

re-engineering of the whole supply chain. In this sense, the Green Virtual Enterprise (GVE) initiative 

(Romero & Molina, 2010) aims a radical value innovation approach as a response to the difficulties of 

dynamically creating and managing different but integrated flexible forward and reverse supply networks, 

better known as ‘closed-loop supply networks’, to address the market dynamic changes and divergent 

customers’ buying behaviour in a sustainable way.  By enhancing the traditional sustainable supply chain 

practices (Srivastava, 2007) with the dynamic VE principles (Camarinha-Matos, 2002), the GVE Breeding 

Environment (GVBE) Reference Framework’s goal is to support the creation and management of short-

term and dynamic coalitions of green enterprises, that may be tailored within a GVBE, to respond in a 

sustainable way to collaboration (business) opportunities, by integrating the green skills or core-

competencies and resources required to meet or exceed the quality, time and cost frames expected by the 

customer, striving always the triple bottom line (Romero & Molina, 2011b). 

 

This section proposes a GVBE Reference Framework offering an approach for conceiving sustainable and 

fully flexible forward- and reverse- supply networks, within a breeding environment context, and based on 

a set of five building blocks: targets, main actors, operating principles, lifecycle and supporting 

technologies, to create and manage GVEs (Romero & Molina, 2011b). 

 

Note: when talking about a ‘Reference (Modelling) Framework’ in this section, it is mean it a pragmatic 

way to organize the details of necessary ingredients/elements of GVBEs and GVEs. All these elements, can 

be mapped onto the GVBE and associated GVE lifecycles, as demonstrated in Section 6.10. 

 

6.2.1. Green Virtual Enterprise Breeding Environment Base Concepts  

 

For a complete understanding of the GVBE Reference Framework building blocks, it is important to first 

define the following base concepts (Romero & Molina, 2011b): 

 Green Enterprise – is an enterprise that strives to meet the triple bottom line by ensuring that all 

products, processes, manufacturing and logistics activities in its business operation address                   

the sustainable principles (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 Green competencies – are those environmentally conscious business practices and strategies such as 

(Romero & Molina, 2010) (Romero & Molina, 2011b): 

o For forward supply networks: Design for the Environment (DFE), Green Product Lifecycle 

Management (G-PLM) and Lifecycle Analysis, Lean Manufacturing, Total Quality 

Environmental Management (TQEM), Environmental Management Systems (EMS), Green 

Supply Chain Management (G-SCM), Green Logistics, ISO14000 series’ requirements 

(Romero & Molina, 2010) (Romero & Molina, 2011b). 

 

                                                           
18 This section is based on (Romero & Molina, 2011b), a refereed article published by the author during his previous research work.  



o For reverse supply networks: inspection, diagnostic and recondition techniques to obtain 

the most value from a recovered product through a re-use (e.g. spare parts), refurbish (e.g. 

repair or re-manufacturing), recycling (e.g. scrap) and/or safe disposal (e.g. hazardous waste 

treatments) strategy (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 GVE Breeding Environments (GVBEs) – are long-term strategic alliances of green enterprises and 

their related support institutions aimed at offering the necessary conditions (human, financial, social, 

infrastructural and organisational) to support the rapid and fluid configuration of GVEs. GVBEs act 

as closed-loop systems where material, energy, information and technology among their members 

are recycled or shared to achieve a sustainable efficiency strategy (e.g. industrial symbiosis). GVBEs 

are intelligent networks for competencies and resources management from different green 

enterprises aiming to combine their green capabilities and capacities to deploy innovative and cost-

effective green technologies and practices to promote a sustainable industrial development through 

F-GVEs and R-GVEs creation (Camarinha-Matos & Afsarmanesh, 2007b) (Romero & Molina, 

2009a) (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 GVEs as dynamic forward supply networks (F-GVEs) – are temporary alliances of green enterprises 

that come together in order to better respond the market demands through the most efficient use of 

their complementary skills or core-competencies and shared resources, for developing and 

delivering in a sustainable way new products to the customer with a minimal environmental impact 

- within a GVBE (Camarinha-Matos & Afsarmanesh, 2007b) (Romero & Molina, 2009a) 

(Camarinha-Matos, et al., 2009b) (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 GVEs as dynamic reverse supply networks (R-GVEs) – are temporary alliances of green enterprises 

that come together in order to better respond a business opportunity based on a sustainable reverse 

logistics and end-of-life manufacturing approach for recovering products, parts, subassemblies 

and/or scrap through the most efficient use of their complementary skills or core-competencies and 

shared resources for their direct-use (re-use), repair, re-manufacture, recycle or safe disposal - within 

a GVBE (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 

6.2.2. Green Enterprise Breeding Environment Reference (Modelling) Framework 

 

A Green Virtual Enterprise (GVE) is an emerging sustainable manufacturing and logistics networked 

enterprise model focused on offering, delivering and recovering green products to/from the market, under 

a lifecycle thinking approach and supported by its source network. As shown in Fig. 19, the GVBE 

Reference Framework can be described based on five building blocks to create and manage GVEs in their 

both modalities: forwards and reverse supply networks (Romero & Molina, 2011b). 



 
Fig. 19. GVE Breeding Environment Reference (Modelling) Framework (Romero & Molina, 2011b) 

 

6.2.2.1. Green Virtual Enterprise Breeding Environment & Green Virtual Enterprises Targets 

 

The GVBE model potential, to target the achievement of sustainable and fully flexible supply networks, 

resides in its ability to dynamically configure forward and reverse supply networks (e.g. GVEs), according 

to the needs and opportunities of the market and keep them operational as long as these opportunities persist, 

suggesting a number of sustainable benefits, among which the following can be emphasised (see also 

(Camarinha-Matos, 2002)) (Romero & Molina, 2011b): 

 Agility – represented by the ability to react in a short time to a competitive market opportunity 

through the rapid configuration of a GVE - within a GVBE (Romero & Molina, 2011b). 

 Leanness – represented by the ability to focus on efficiency and lowest cost-to-serve                         

by searching, assessing and selecting the most suitable green enterprises (GVE partners) 

according to different sustainable quantitative and qualitative metrics (Verdecho, et al., 2010) 

in order to reduce production and logistics costs, and environmental impact (Romero & Molina, 

2011b). 

 Greenness – represented by the ability to minimise the environmental impact by integrating 

different green competencies and technologies available in several green enterprises (GVBE 

members) within a GVE (Romero & Molina, 2011b). 

 Flexibility – represented by the ability to offer and/or respond with “unlimited” capabilities and 

capacities to the market demand variations and picks by adding either more green enterprises 

with complementary competencies to enhance engineering capabilities and/or more green 

enterprises with the same resources to increase production capacity to a GVE (Romero & 

Molina, 2011b). 
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 Collaboration – represented by the ability to share costs and integrate resources and capabilities 

from multiple green enterprises in a GVE to exploit collaboration (business) opportunities in the 

most sustainable way (Romero & Molina, 2011b). 

 Specialisation – represented by the ability to integrate the best green technologies and practices 

(core-competencies) available in multiple green enterprises in a GVE to offer, deliver and 

recover green products to/from the market (Romero & Molina, 2011b). 

 

6.2.2.2. GVE Breeding Environment & Green Virtual Enterprises Actors 

 

Eight kinds of actors or stakeholders can be identified within a GVBE and its GVEs, including 

(Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 2009a) (Romero & Molina, 2011b): 

 GVBE member – basic role played by a green enterprise registered at the GVBE and ready to 

participate in the GVBE activities. GVBE members are green enterprises adhering to a base 

long-term cooperation agreement and to the adoption of sustainable supply chain practices and 

‘industrial symbiosis’ approaches in order to make their individual and collective operations 

more sustainable by collaborative means (Romero & Molina, 2011b). 

 GVBE administrator – role played by a green enterprise responsible for the overall GVBE 

operation and evolution from a network management perspective, and from a sustainable 

industrial development model perspective for the promotion of ‘industrial symbiosis 

partnerships’ among the GVBE members by exploring material, energy, information and/or 

technology flows within the breeding environment that can be used to find resources-based 

synergies, devise strategies to increase the cycling of resources, and identify gaps in current 

green competencies and resources management and solve them by searching and recruiting new 

green enterprises into the GVBE (Romero & Molina, 2011b). 

 GVE broker or simply broker – role played by one or more GVBE members responsible for the 

identification and acquisition of new collaboration (business) opportunities in the market (e.g. 

green products development and/or green services provision) by marketing the GVBE green 

competencies to potential customers, and for the identification and development of new 

complementary businesses for existing GVBE members’ activities or creation of new ones based 

on core-competencies and resources synergies. GVE brokers should assess each opportunity 

based on its technical feasibility, economic advantage and environmental impact (Romero & 

Molina, 2011b). 

 GVE planner or business integrator – role played by a green enterprise responsible for a GVE 

creation in any of its two modalities: F-GVE or R-GVE. GVE planners are responsible for the 

identification of the necessary green competencies and capacities, as well as the GVBE members 

that possess those competencies (potential GVE partners) to deliver and/or recover a green 

product to/from the market (Romero & Molina, 2011b). 

 GVE coordinator – role played by a green enterprise responsible for the GVE operation, 

following the sustainable principles in all its sourcing, production and distribution/logistics 

activities, in order to achieve the GVE goals in a sustainable way (Romero & Molina, 2011b). 

 GVE partner – basic role played by a green enterprise (GVBE member) involved in a GVE              

(in any of its two modalities), contributing with its green capabilities and capacities to                     

the GVE goals achievement (Romero & Molina, 2011b). 

 GVE customer – role played by a green consumer that may be an individual or an organisation 

with an environmental conscious and interested in purchasing green products and/or services 

from the GVBE by triggering the formation of GVEs (Romero & Molina, 2011b).  

 GVBE support institution or service provider – a green service provider offering complementary 

services, supporting tools and/or mechanisms to the GVBE, such as: environmental 

certifications, eco-labels and/or green standards to support the GVBE sustainable industrial 

model (Romero & Molina, 2011b). 



6.2.2.3. GVE Breeding Environment & Green Virtual Enterprises Operating Principles 

 

At GVBE level, some main operating principles to be considered are (Romero & Molina, 2011b): 

 Standardisation – GVBE members will adopt common working and sharing principles, common 

interoperable infrastructures and a common ontology in order to reduce the barriers towards 

successful collaborations (Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 2011b). 

 Resources sharing – GVBE members will create a resource pool (bag of assets) with different 

tangible and intangible shared resources in order to eliminate redundant assets within the GVBE 

and manage their ownership costs in an efficient way (Afsarmanesh & Camarinha-Matos, 2005) 

(Romero & Molina, 2011b). 

 Collaboration – GVBE members will share information, resources, responsibilities, risks and 

rewards to jointly plan, implement and evaluate sustainable initiatives (Camarinha-Matos & 

Afsarmanesh, 2006) (Romero & Molina, 2011b). 

 Industrial symbiosis – GVBE members will follow a cooperative approach to a sustainable 

industrial development model and sustainable supply networks involving links/exchanges/sharing 

of material, energy, information, technology and other tangible and intangible assets and                    

by-products based on a collaboration strategy supported by shared use of assets, logistics, expertise 

and knowledge transfer (Chertow, 2000) (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 

At GVE level, some main operating principles to be considered are (Romero & Molina, 2011b): 

 Collaborative logistics – GVE partners (shippers, carriers and suppliers) will create a green 

logistics network to reduce the costs and environmental impact related to the transportation of raw 

materials, components and products by sharing logistics services assets such as trucks, trailers, 

warehouses and/or containers (Langley, 2000) (Romero & Molina, 2011b). 

 Sustainable supply networks – GVE partners will integrate/adopt the sustainability principles into 

their forward and reverse supply networks, from product design (green designs and green products), 

to material sourcing and selection (green materials and green suppliers), to manufacturing processes 

(green production), to the delivery of  the final product to the customer (green packaging and green 

logistics/transportation), as well as into the end-of-life management of the product after its useful 

life (green recycling) (Srivastava, 2007) (Romero & Molina, 2010) (Romero & Molina, 2011b). 

 Green manufacturing – GVE partners will attempt to reduce the environmental impact of their 

manufacturing activities without sacrificing product quality and cost by focusing on the adoption 

of those green materials, green processes and green technologies that reduce waste, pollution and 

energy consumption (Ilgin & Gupta, 2010) (Romero & Molina, 2011b). 
 

6.2.2.4. GVE Breeding Environment & Green Virtual Enterprises Lifecycles  
 

A GVBE lifecycle scenario can be described (Romero & Molina, 2011b) as follows: 
 

All GVBEs will go through the following lifecycle stages in time (Afsarmanesh & Camarinha-Matos, 2005) 

(Romero & Molina, 2009a) (Romero & Molina, 2011b): (a) creation – planning the creation of a new 

breeding environment by identifying potential areas for eco-industrial networking among the potential 

GVBE members, defining the GVBE business model targeting specific industry sectors with sustainability 

benefits and potential GVBE members with a competitive (green) differentiation, and establishing                        

the business processes, (ICT) infrastructures and governance model for populating and launching                           

the GVBE; (b) operation/metamorphosis – GVBEs will operate striving for the diversity of green 

enterprises, materials, processes, technologies, products and services that may enhance the industrial 

symbiosis partnerships within the breeding environment, promoting the creation of truly dynamic and 

sustainable supply networks (GVEs) offering, delivering and recovering green products and/or services 

to/from the market, and creating the necessary (common interoperable) infrastructures to facilitate                        

the linking, exchanging and sharing of tangible and intangible assets and by-products as part of the GVBE 



industrial symbiosis strategy (Cohen-Rosenthal, 1999) (Chertow, 2000); and (c) dissolution – in the case 

of a GVBE closing, a knowledge transfer of best practices and lessons learned should be made to other 

GVBEs (see Table 10) (Romero & Molina, 2011b). 
 

Table 10 – GVBE Detailed Lifecycle Stages (Cohen-Rosenthal, 1999)                                                    

(Afsarmanesh & Camarinha-Matos, 2005) (Romero & Molina, 2009a) (Romero & Molina, 2009b)  

(Romero & Molina, 2010) (Romero & Molina, 2011b) 

Lifecycle Stages Description 

C
re

at
io

n
 Initiation & 

Recruiting 

Identification of the potential industry sectors and (green) enterprises that could be 

involved in the GVBE. Modelling the GVBE to reveal potential collaboration (business) 

opportunities to build-up symbiotic industrial networks (GVEs). 

Identification of the infrastructures and support services to be provided by the GVBE                

to enable effectiveness and efficient in doing green businesses and collaborating in 

industrial symbiosis initiatives. 

Recruitment of the right mix of industries and green enterprises to achieve a critical mass 

to create successful industrial symbiosis partnership (GVEs). 

Foundation 
Establishment and set-up of the business processes, infrastructures and governance model 

needed to support the GVBE members’ industrial symbiosis partnerships (GVEs). 

Operation 

General management of all activities needed to support the GVBE smooth operation such 

as: strategic and marketing management; financial, accountability and resources 

management; governance management; bag of assets management; value systems 

management; ontology management; ICT management; support institutions management; 

membership and structure management; profiling and competency management;                   

trust management; performance management; etc. (Romero & Molina, 2009b). 

Metamorphosis 

GVBEs as natural ecosystems, or properly said industrial ecosystems, will adapt their 

strategies, business processes and structure to tactically respond to new sustainable market 

changes and trends. 

Dissolution 
If a GVBE may cease to exist, knowledge and technology transfers’ initiatives such                 

be promoted as part of a meta GVBEs’ industrial symbiosis network. 

 

Furthermore, a GVE lifecycle scenario may be described (Romero & Molina, 2011b) as follows: 

 

All GVEs, in their forward or reverse supply network modalities, will go through the following lifecycle 

stages within a breeding environment (Romero & Molina, 2010): (a) creation – a new green business 

opportunity will be identified (by a GVBE member acting as broker) and will trigger a F-GVE formation 

for a new green product development or a R-GVE formation for a product repair, re-manufacturing, 

recycling and/or safe disposal; managing both kind of supply networks within a GVBE makes possible               

to achieve real closed-loop supply networks in any manufacturing industry; (b) operation/ evolution –                 

F-GVEs will operate following sustainable engineering, manufacturing and logistics principles in order to 

offer and deliver green products to the market, and R-GVEs will operate following sustainable logistics, 

end-of-life manufacturing and safe disposal principles in order to recover (green) products from                      

the market in order to re-use, re-manufacture, recycle and/or make a safe disposal of them; operating in this 

way as truly sustainable supply networks supports the journey to a sustainable industrial development 

model; and (c) dissolution – since F-GVEs and R-GVEs were created within a breeding environment, after 

the product delivery or recovery, the GVBE will continue with its industrial symbiosis (Chertow, 2000) 

strategy, acting as a closed-loop system, in where any surplus and/or abandoned resources/scrap after a               

F-GVE dissolution will be placed in the GVBE bag of assets for its direct-use (re-use), repair,                                           

re-manufacture, recycle and/or safe disposal, and any output after a R-GVE dissolution will take two 

possible paths: to be returned immediately, if possible, as an input to active F-GVEs within the GVBE or 

will trigger a GVE formation specialised in hazardous waste disposal (see Table 11 & Table 12). 



Table 11 – F-GVE Detailed Lifecycle Stages (Camarinha-Matos, et al., 2009b) (Karvonen, et al., 2007) 

(Negretto, et al., 2008) (Romero & Molina, 2009b) (Romero & Molina, 2010)                                      

(Romero & Molina, 2011b) 
Lifecycle Stages Description 

C
re

at
io

n
 

Collaboration 

Opportunity 

Identification 

Identification of a collaboration (business) opportunity for manufacturing a green 

product and/or offering a green service to a customer. A collaboration opportunity can 

be detected by a green broker or promoted as part of the GVBE strategy to introduce 

new green products and/or services to the market. 

Collaboration 

Opportunity 

Characterisation  

Identification of the main features of the collaboration (business) opportunity, 

including the green competency requirements and opportunity constrains: (a) green 

product manufacturing – needed green design, materials and process for designing, 

engineering and manufacturing a green product or (b) green service – needed green 

knowledge and skills to offer a green service. 

Rough  

Planning 

Identification of the required F-GVE partners’ competencies and capacities, as well 

as the F-GVE possible configurations (supply network topologies) to respond in a 

sustainable way to a collaboration (business) opportunity. 

Partners Search 

& Selection 

Identification of the potential F-GVE partners and their assessment and selection 

based on their green degree. F-GVE partners will be evaluated based on their green 

capabilities (design, materials, processes, technologies and logistics) to design, 

produce, supply or distribute a green product or service.   

Negotiation 

Interactive process to integrate the most suitable F-GVE partners in a dynamic 

sustainable supply network to produce and/or offer the required green product and/or 

service by the customer or demanded by the market.   

Detailed 

Planning 

Definition of the final F-GVE topology and its F-GVE partners’ activities schedule, 

including tasks assignments, budget allocation and green performance indicators 

(clean production and forward logistics). 

Contracting 
Formulation of the F-GVE contract, paying special attention to the environmental 

regulations (laws, trades, taxes, fines). 

Operation 
F-GVEs will operate following all sustainable principles in order to reduce                                 

the environmental impact of their manufacturing and logistics activities. 

Evolution 

In case of unexpected events or disruptions during the F-GVE operation,                           

the F-GVE coordinator will re-configure and/or re-schedule the F-GVE partners and 

their activities (tasks, budget) in order to try to keep the original production and/or 

offering plan for the promise product and/or service.  

Dissolution 

As part of the GVBE industrial symbiosis strategy, any resource that could have a 

secondary usage will be placed in the GVBE bag of assets for any possible usage. 

Additionally, as part of the F-GVEs product stewardship other GVEs may be launched 

in order to provide after-sales services to the customer/market. 

 

 

 

 

 

 

 

 



Table 12 – R-GVE Detailed Lifecycle Stages (Camarinha-Matos, et al., 2009b) (Karvonen, et al., 2007) 

(Negretto, et al., 2008) (Romero & Molina, 2009b) (Romero & Molina, 2010)                                      

(Romero & Molina, 2011b) 
Lifecycle Stages Description 

C
re

at
io

n
 

Collaboration 

Opportunity 

Identification 

Identification of a collaboration (business) opportunity for a green product recall based 

on a reverse logistics and an end-of-lifecycle manufacturing strategy. 

Collaboration 

Opportunity 

Characterisation  

Identification of the main features of the collaboration (business) opportunity, 

including the green competency requirements and opportunity constrains for:                       

(a) product re-use – dealing with the direct-use of product components as spare parts, 

(b) product re-manufacturing – dealing with the product for restoring or rebuilding,              

(c) product recycling – dealing with the product for reclaiming the valuable of its raw 

materials, or (d) product safe disposal – dealing with the product hazardous waste. 

Rough  

Planning 

Identification of the required R-GVE partners’ competencies and capacities, as well as 

the R-GVE possible configurations (supply network topologies) to respond in a 

sustainable way to a collaboration (business) opportunity. 

Partners Search 

& Selection 

Identification of the potential R-GVE partners and their assessment and selection 

based on their green degree. R-GVE partners will be evaluated based on their green 

capabilities (receiving, separating, dismantling, sorting, testing) to handle the end-of-

life of a product.   

Negotiation 
Interactive process to integrate the most suitable R-GVE partners in a dynamic 

sustainable supply network to recover a green product from the market.   

Detailed 

Planning 

Definition of the final R-GVE topology and its R-GVE partners’ activities schedule, 

including tasks assignments, budget allocation and green performance indicators              

(end-of-life manufacturing, reverse logistics,   hazardous waste management). 

Contracting 
Formulation of the R-GVE contract, paying special attention to the environmental 

regulations (laws, trades, taxes, fines). 

Operation 

R-GVEs will operate following all sustainable principles in order to reduce                    

the environmental impact of their reverse logistics and end-of-life manufacturing 

activities. 

Evolution 

In case of unexpected events or disruptions during the R-GVE operation,                           

the R-GVE coordinator will re-configure and/or re-schedule the R-GVE partners and 

their activities (tasks, budget) in order to try to keep the original end-of-life 

manufacturing plan. 

Dissolution 

As part of the GVBE industrial symbiosis strategy, any resource that could have a 

secondary usage will be placed in the GVBE bag of assets for any possible usage. 

Additionally, as part of the R-GVEs hazardous waste management activities,                          

a specialised GVE may be tailored for their safe disposal. 

 

6.2.2.5. GVE Breeding Environment & Green Virtual Enterprises Technologies 

 

GVBEs supporting technologies (as concepts, methods or tools) (see (Romero & Molina, 2009b) for more) 

(Romero & Molina, 2011b): 

 Brokerage – Set of management activities and supporting tools that will support the identification 

of new collaboration (business) opportunities in the market that will trigger the formation of new 

GVEs and/or inside the GVBE that will lead to industrial symbiosis opportunities and/or 

collaborative investments (shareable infrastructures, joint purchases > better negotiation power, 

joint promotion > green marketing, etc.) (Romero & Molina, 2011b). 

 Profiling and competency management – Set of management activities and supporting tools for 

creating and maintaining the GVBE and its members’ profiles (Romero & Molina, 2011b). 

 Partners search and selection – Set of management activities and supporting tools to identify, 

assess and select potential GVBE members and GVE partners (Romero & Molina, 2011b). 

 



 Governance – Set of management activities and supporting tools that will facilitate any approach 

to collaboration (principles, rules, bylaws, values) and will guarantee the sustainability and correct 

behaviour/performance of all GVBE stakeholders (Romero & Molina, 2011b). 

 Performance management – Set of management activities and supporting tools for planning and 

monitoring the GVBE strategies and rating and rewarding the GVBE actors’ actions towards                   

the GVBE goals achievement (Romero & Molina, 2011b). 

 Bag of assets – Set of management activities and supporting tools to administrate a common virtual 

and physical warehouse to make easier the sharing of tangible and intangible assets between the 

GVBE members for different collaborative purposes (Romero & Molina, 2010) (Romero & 

Molina, 2011b). 

 Infrastructure management – Set of management activities and supporting tools for handling           

the GVBE infrastructures (ICT-based and physical-based) that will allow GVBE actors                        

to interoperate and collaborate for different collaborative purposes (Romero & Molina, 2011b). 

 GVEs management – Set of managing activities and supporting tools to manage the GVEs during 

its lifecycle (Karvonen, et al., 2007) (Negretto, et al., 2008) (Romero & Molina, 2011b). 

 

GVEs supporting technologies (as concepts, methods or tools) (Romero & Molina, 2011b): 

 Green product/service – refers to a product or service whose manufacturing or offering, purchase 

and use allows a sustainable economic development (Romero & Molina, 2011b). 

 Green design – refers to a product or service design that puts special consideration into                          

its environmental impact during its whole lifecycle (Romero & Molina, 2011b). 

 Green materials – refers to a material that preserves natural resources and reduces                                  

the environmental impact, including those materials composed of recycled materials or can                   

be recycled at the end of its lifespan (Romero & Molina, 2011b). 

 Green processes – refers to a process that eliminates the environmental burden in its resources 

input, energy consumption, and outputs impact (Romero & Molina, 2011b). 

 Green production – refers to a production system that puts a strong effort to lessen its environmental 

impact by conserving raw materials (using more recycled and/or renewable materials), minimising 

energy use and emissions, and waste (Romero & Molina, 2011b). 

 Green packaging – refers to the use of green materials in packaging, comprising recycled content, 

or reusable or degradable packaging materials to minimise landfill waste and transportation costs 

(Romero & Molina, 2011b). 

 Green logistics – refers to any environmental friendly logistics strategy such as: commuting and 

shipping products together, using alternative fuel vehicles, reducing overall packaging, sharing 

warehouses and containers, etc. (Romero & Molina, 2011b). 

 Green recycling – refers to any of the 5R strategies: repair, re-manufacture, recycle, re-use or re-

generated to reduce environmental impact (Romero & Molina, 2011b). 

  



6.3. Green Virtual Enterprise Breeding Environments Sustainable Development Maturity Model – 

GVBE Reference Maturity Model 19 

 

Working towards the conception of a Sustainable Development Maturity Model (SDMM) for GVBEs,                  

a SDMM can be viewed as a set of structured levels and stages that describe how well a set of                         

eco-strategies (e.g. behaviours, practices and process) of a GVBE can reliably and sustainably produce and 

improve its sustainable development performance (See Fig. 20) (Romero & Molina, 2014b). 

 

 
Fig. 20. Sustainable Development Maturity Model for Green Virtual Enterprise Breeding Environments 

(Romero & Molina, 2014b) 

 

Adapting the - original - Capability Maturity Model (CMM)20 structure, the SDMM “structure” involves six 

aspects (Romero & Molina, 2014b): 

 Maturity levels: A four-level process maturity continuum, here the uppermost (4th) level is a 

notional ideal state where eco-industrial networking strategies would be systematically managed 

by a combination of process optimisation and continuous process improvement (Romero & Molina, 

2014b). 

 Eco-Industrial Networking (EIN) strategies’ domains: An eco-industrial networking strategy 

domain identifies a cluster of sustainable practices that, when performed together, achieve a set of 

sustainability goals (Romero & Molina, 2014b). 

 Sustainability goals: The sustainability goals of an EIN strategy domain summarise the states                 

that must exist for that eco-strategy to have been implemented in an effective and lasting way.              

The extent to which the sustainability goals have been accomplished is an indicator of how much 

capability in the GVBE has established at the maturity levels. The sustainability goals signify               

the scope, boundaries, and intent of each eco-industrial networking strategy domain (Romero & 

Molina, 2014b). 

 

                                                           
19 This section is based on (Romero & Molina, 2014b), a refereed article published by the author during his previous research work. 
20 http://cmmiinstitute.com/ 
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 Common features: Common features include practices that implement and institutionalise                            

an eco-industrial networking strategy. There are five types of common features: commitment                 

to perform (e.g. GVBE sustainability goals are defined), ability to perform (e.g. adequate GVBE 

budget and resources have been allocated to sustainability goals achievement), activities performed 

(e.g. robust programs and action plans (projects) have been put in place at the GVBE  to achieve 

the sustainability goals), measurement and analysis (e.g. mature sustainability assessments are 

conducted at the GVBE for tracking projects progress towards goals and for discovering 

improvement opportunities), and verify implementation (e.g. GVBE follow-up audits are made to 

provide reasonable assurance that running and/or new sustainability programs and action plans 

(established in response to improvement opportunities) are in progress or have been successfully 

implemented) (Romero & Molina, 2014b). 

 Key practices: The key practices describe the elements of infrastructure and practice that contribute 

most effectively to the implementation and institutionalisation of the eco-strategy domain (Romero 

& Molina, 2014b). 

 Sustainability management continuum: The sustainability management continuum depicts six 

“evolutionary models” for GVBEs from standard (virtual) industry clusters to advanced (virtual) 

eco-industry clusters (Adapted from (Ko, 2009)) (Romero & Molina, 2014b). 

 GVBEs will go through the maturity levels of each evolutionary model of the sustainability 

management continuum, and once a GVBE has achieved the maturity level of “innovating” in           

an evolutionary model will evolve to the next one (Romero & Molina, 2014b). 

 

6.3.1. Maturity Levels 

 

Following are the details of each maturity level meaning along the maturity continuum (Romero & Molina, 

2014b): 

 (L1) Performed - eco-industrial networking strategies are deployed in an ad-hoc and                               

chaotic manner. GVBEs EIN strategies are usually effectively but not efficiently deployed.                   

The GVBE ability to plan and execute eco-industrial networking strategies needs to be improved 

(Romero & Molina, 2014b). 

 (L2) Managed - eco-industrial networking strategies become repeatable practices within                           

the GVBE (Romero & Molina, 2014b). 

 (L3) Standardised - eco-industrial networking strategies become defined and repeatable practices 

(Romero & Molina, 2014b). 

 (L4) Innovating - existing eco-industrial networking strategies are optimised and proactive 

behaviour takes place towards the next GVBE “evolutionary model” (Romero & Molina, 2014b). 

 

6.3.2. Eco-Industrial Networking Strategies’ Domains 

 

Based on Cohen-Rosenthal (2003b) research work, this development will use and extend his proposed areas 

of eco-industrial networking to describe a baseline of eco-industrial networking strategies’ domains for the 

conception of a Sustainable Development Maturity Model for GVBEs. In each domain, the steps                

(eco-practices) listed form a progression from basic eco-practices to advanced eco-practices (Cohen-

Rosenthal, 2003b) (Romero & Molina, 2014b). 

 Materials domain mission: to maximise resource productivity and ensure quality, safety, timeless, 

environmental stewardship and cost-effectiveness (Cohen-Rosenthal, 2003b) (Romero & Molina, 

2014b). 

 Energy domain mission: to identify means for overall energy supply, efficiency, conservation and 

cost-effectiveness (Cohen-Rosenthal, 2003b) (Romero & Molina, 2014b). 

 



 Transportation domain mission: to ensure that materials and people are able to move within and 

outside the eco-network with highest reliability, lowest environmental loading and best cost-

effectiveness (Cohen-Rosenthal, 2003b) (Romero & Molina, 2014b). 

 Marketing domain mission: to expand the market recognition and revenue base of constituents and 

the eco-network (Cohen-Rosenthal, 2003b) (Romero & Molina, 2014b). 

 Human resources domain mission: to increase the range and quality of opportunities for 

recruitment, career development, occupational flexibility and benefit availability (Cohen-

Rosenthal, 2003b) (Romero & Molina, 2014b). 

 Information and communication systems domain mission: to ensure the broadest and most 

efficiency use of, access to and transfer of information (Cohen-Rosenthal, 2003b) (Romero & 

Molina, 2014b). 

 Environment, health and safety domain mission: to promote continuous improvement in all facets 

of environmental performance and community and employee health and safety (Cohen-Rosenthal, 

2003b) (Romero & Molina, 2014b). 

 Production processes domain mission: to ensure the most flexible and effective use of capital stock 

and production processes within and between participating tenants, leading   to excellent customer 

satisfaction (Cohen-Rosenthal, 2003b) (Romero & Molina, 2014b). 

 Quality of life and community connections domain mission: to ensure excellent interactions 

between the eco-network and the surrounding in ways that enhance the community, strengthen 

companies and provide benefit to employees (Cohen-Rosenthal, 2003b) (Romero & Molina, 

2014b). 

 Waste management domain mission: to preferably ensure the recycling and if not possible proper 

disposal of any waste in a safe, efficient, and ecologically sound manner (Cohen-Rosenthal, 2003b) 

(Romero & Molina, 2014b). 

 

6.3.3. Sustainability Goals 

 

Setting sustainability goals is a fundamental requirement to progress through the “maturity levels” and 

“evolutionary models” of the Sustainable Development Maturity Model for GVBEs. Main reason                        

for this is that the GVBE as an eco-system itself and its members as tenants cannot mature and evolve            

in an “holistic manner” towards higher sustainable levels and models until all tenants have common agreed 

on which/ where are that “sustainability goals” as a collective whole (Romero & Molina, 2014b). 

 

Sustainability goals will help all GVBE members to schedule activities, assign tasks, allocate budget, define 

performance indicators (KPIs) and identify risks to jointly plan, implement and evaluate eco-industrial 

networking strategies. Defining sustainability goals will create a performance management framework for 

eco-industrial networking strategies in order to help GVBE administrators to set goals and plan work, 

continually monitor and measure performance, and manage change (evolution) towards sustainable 

development (Romero & Molina, 2014b). 

 

When defining the right sustainable performance management framework for a GVBE, it is important                

to choose a shared model generally accepted by internal and external stakeholders, focus on measuring the 

most important elements rather everything, and report both normative data and gross totals (Romero & 

Molina, 2014b). 

 

Some examples: for analysis (e.g. environmental and social lifecycle assessment and lifecycle costing), for 

measurement (e.g. ecological footprint), for processes (e.g. environmental management systems/ISO14001) 

(Romero & Molina, 2014b). 

 

 



6.3.4. Common Features 

 

GVBEs as long-term collaborative networks aim to facilitate the engagement and interplay of multiple 

stakeholders needed in any effort towards sustainable development. GVBEs can offer a “community notion” 

that helps to develop at individual and collective levels common green operating principles (e.g. green 

products, green services, green design, green materials, green processes, green production, green packaging, 

green logistics, green recycling) that will jointly create a holistic and integrated sustainable industrial 

development strategy (Romero & Molina, 2014b). 

 

Furthermore, GVBEs stand for a new assets management logic based on mobilising and managing shared 

assets rather than individually owning them, providing through a shared economy philosophy access to 

resources, services and/or infrastructure beyond one to one or singular ownership possibilities; as a result 

increasing the effective and efficient use of physical and intangible assets, eliminating redundant assets and 

managing their ownership costs in a smart and collaborative way (Romero & Molina, 2014b). 

 

GVBEs provide a joint vision for common green operating principles, shared resources and collaborative 

infrastructures that will enable their members to share risks, resources, responsibilities and rewards in order 

to increase efficiency, expand capacity, reduce waste, enhance green image and increase sustainable value 

(Romero & Molina, 2014b). 

 

6.3.5. Key Practices 

 

GVBEs key practices represent all smart mechanisms applied to aggregate and/or merge the unique                  

core-competencies and resources, and common features, available at the breeding environment to achieve 

sustainability goals. These best practices are adaptive mechanisms rather than fixed processes fostering 

incremental and radical innovations to deliver increasing levels of eco-efficiency until a sustainable (virtual) 

industrial eco-system can be fully established (Romero & Molina, 2014b). 

 

Some examples for green key practices are: Design for the Environment (DFE), Green Procurement, Green 

Marketing, Green Product Lifecycle Management (G-PLM), Lifecycle Thinking, Lean Manufacturing, 

Total Quality Environmental Management (TQEM), Environmental Management Systems (EMS), Green 

Supply Chain Management (G-SCM), Green (Collaborative) Logistics, ISO9000 family of standards 

related to quality management, ISO14000 family of standards related to environmental management, 

ISO26000 guidelines for social responsibility, ISO50001 specification for energy management, Waste 

Hierarchy Management, Safe Disposal, etc. (Romero & Molina, 2014b). 

 

6.3.6. Sustainability Management Continuum 

 

By adapting Ko’s (2009) environmental management continuum for industrial parks, a sustainability 

management continuum was defined as a systematic approach for incorporating higher sustainability 

functions (strategies, features and practices) into a GVBE. Following definitions provide a formal 

description for each of the six “evolutionary models” established for the GVBEs sustainability continuum 

(Romero & Molina, 2014b): 

 Standard VBE - An association of enterprises and their related support institutions operating in a 

common business sector or reduced number of sectors that collaborate with each other in order             

to increase general competitiveness (Ko, 2009) (Romero & Molina, 2014b). 

 Eco-labelled GVBE - An association of enterprises and their related support institutions recognised 

for their enhanced environmental practices by eco-standards like ISO 14000 and eco-labels such as 

PALME (Programme d’Actions Labelise pour la Maitrise de l’Environment) for industrial parks 

(Ko, 2009) (Romero & Molina, 2014b). 

 



 Environmental GVBE - An association of (early stage) green enterprises and their related support 

institutions manufacturing and/or offering environmental responsible products, services and/or 

technologies to the market/society (Ko, 2009) (Romero & Molina, 2014b). 

 Eco-efficient GVBE - An association of (intermediate) green enterprises and their related support 

institutions working to reduce resources intensity (material, energy and water), control pollution 

(quantity and toxicity of all emissions and waste) and minimise collective waste outputs (e.g. lean 

philosophy: transport, inventory, motion, waiting, over-production, over-processing, defects, etc.) 

(Ko, 2009) (Romero & Molina, 2014b). 

 Industrial Symbiosis GVBE - An association of (advanced) green enterprises and their related 

support institutions optimising the use of resources, closing material loops and minimising 

emission, dematerialising activities, and reducing and eliminating the dependence on non-

renewable sources of energy (Ko, 2009) (Romero & Molina, 2014b). 

 Eco-Industrial GVBE - An association of (advanced) green enterprises and their related support 

institutions creating  green collaborative benefits such as: exploring emerging green markets, 

increasing activities/profit in a sustainable way, copying with market green trends and 

environmental regulations, joint purchasing (better negotiation power), joint promotion (eco-

branding/marketing), social and environmental responsibility prestige/reputation, sustainable 

innovation as differentiator, shared commuting and shipping, alternative green packing, integrated 

green logistics, common environ- mental information systems, green production technology 

sharing and integration, etc. As well as guaranteeing a balanced membership of producers, 

scavengers and decomposers creating industrial symbiosis opportunities for sharing and recycling 

resources such as: information, materials, water, energy and/or infrastructure (Ko, 2009) (Romero 

& Molina, 2014b). 

 

6.3.7. GVBEs Evolutionary Models and their Eco-Industrial Networking Strategies 

 

Following sections will navigate through the GVBE sustainable management continuum, providing a 

comprehensive overview of each of its possible evolutionary models, and recommending eco-industrial 

networking strategies (goals, features and key practices) for each one. These models have been constructed 

based on a “systemic review” of frameworks and case studies (Romero & Molina, 2014b). 

 

6.3.7.1. Standard VBE 

 

A standard VBE represents the first evolutionary model for a virtual industry cluster (VIC) towards a 

sustainable industrial development model. Standard VBEs address sustainability in an indirect way by 

means of cooperation variables that may have a positive effect on the three sustainability dimensions as a 

secondary impact. Table 13 introduces some (secondary) eco-industrial networking (EIN) strategies for 

standard VBEs (Romero & Molina, 2014b). 

 

Table 13 – EIN Strategies in Standard VBE (Romero & Molina, 2014b) 

Domain Goal/Features Key Practice 

Materials 

- Low impact materials. 

- Green chemistry. 

- Better negotiation power. 

- Use of non-restricted materials.  

- Use of materials that come from a 

sustainable managed source. 

- Responsible materials suppliers.  

- Common materials buying. 

Energy - Energy awareness. - Energy consumption measurement. 

Transportation - Reduce overall logistics costs. - Logistics costs optimisation. 

Marketing - Lobbying and market influence. 
- Co-branding. 

- Co-marketing. 

Human Resources - Law compliance (labour). - Labour regulations. 



I & C Systems - Information exchange. - Electronic documents sharing. 

Environmental,  

Health and Safety 

- Accident prevention. 

- Emergency response. 
- Preparedness for reactive actions. 

Production 

Processes 
- Law compliance (traditional manufacturing). 

- Pollution control and abatement 

equipment. 

Quality of Life                

and Community 
- Basic neighbour practices. - Neighbour relationship management. 

Waste 

Management 

- Law compliance (waste and emissions 

outputs). 
- Safe treatment and disposal. 

 

Hence, standard VBEs work in the implementation of essential abatement technologies as end-of-pipe 

solutions for traditional pollution control (capture and treatment), dealing in this way with compliance of 

conventional environmental regulations (Romero & Molina, 2014b). 

 

6.3.7.2. Eco-labelled GVBE 

 

An Eco-labelled GVBE represents the second evolutionary model of the sustainable management 

continuum for VICs. Eco-labelled GVBEs represent a new form of regulation for VICs, which is voluntary 

nature, but imposes a compliance with a set of practices or minimal requirements, established by 

shareholder bodies, for sustainability or reduction of harm to the environment. Eco-labels exist for many 

schemes broadening quality, social, ethical, safety and environmental issues at products, manufacturing 

processes, manufacturing systems, and industrial chains/networks/clusters (e.g. Eco-label Index - 

www.ecolabelindex.com). Table 14 introduces some EIN strategies for eco-labelled GVBEs (Romero & 

Molina, 2014b). 

 

Table 14 – EIN Strategies in Eco-Labelled GVBEs (Romero & Molina, 2014b) 
Domain Goal/Features Key Practice 

Materials 
- Avoid toxic materials. 

- Non-toxic materials. 

- Toxic materials substitution. 

- Zero toxic materials. 

- Certified materials suppliers. 

Energy 
- Energy reduction focuses on eco-standards/ 

labels. 

- Energy consumption management and 

control (auditing). 

Transportation - Reduce logistics footprint. 
- Low emission vehicles. 

- Electric vehicles. 

Marketing - Basic green marketing strategies. 
- Green design. 

- Eco-labelled products. 

Human Resources - Attractive working place. - Great place to work® recognition. 

I & C Systems - Loosely systems integration. - Basic systems integration. 

Environmental,  

Health and Safety 

- Reduce environmental impact and ecological 

footprint targeting eco-standards.  

- Waste minimisation. 

- Emissions minimisation. 

Production 

Processes 
- Lean manufacturing. 

- Operational efficiency. 

- Pollution prevention. 

Quality of Life  

and Community 
- Advanced neighbour practices. 

- Monitoring surroundings and site air 

quality and noise. 

Waste 

Management 
- Waste management plans. - Waste and emissions control. 

 

Moreover, eco-labelled GVBEs aim to modify their products and production-logistics methods and to 

introduce pollution prevention technologies to prevent and/or substantially reduce their environmental 

impacts (footprint), as a “green marketing” strategy directed at environmental conscious consumers and 

intended to show the GVBE market environmental responsibility (Romero & Molina, 2014b). 

 

 



6.3.7.3. Environmental GVBE 

 

The third evolutionary model of the sustainable management continuum for VICs it is represented                      

by the environmental GVBE model. It aims to achieve the extremely demanding environmental 

manufacturing and logistics regulations and standards by incorporating different environmental aspects into 

products and manufacturing, and logistics operations, including an environmental performance evaluation, 

audits and controls to manage environmental protection and handling environmental issues (Romero & 

Molina, 2014b). 

 

  Table 15 – EIN Strategies in Environmental GVBEs (Romero & Molina, 2014b) 
Domain Goal/Features Key Practice 

Materials - Recycled materials. 
- Down-cycling materials. 

- Green materials suppliers. 

Energy - (Renewable) energy sources balance. - Use of alternative energy sources. 

Transportation 
- Shared transportation. 

- Shared inventories. 

- Shared commuting. 

- Shared shipping.  

- Shared warehousing. 

Marketing - Intermediate green marketing strategies. 

- Targeting green consumers. 

- Accessing green markets. 

- Creating green markets. 

Human Resources - Work-life balance. - Wellness programmes. 

I & C Systems - Full systems integration. - Integration principles. 

Environmental,  

Health and Safety 
- Design for environment. - Design for X guidelines. 

Production 

Processes 
- Clean production. 

- Scrap reduction and re-use. 

- Low embodied energy processes. 

Quality of Life  

and Community 

- Social responsibility. 

- Environmental responsibility. 

- Community programmes. 

- Bio-diversity protection. 

Waste 

Management 
-Take-back management. - Resources stewardship. 

 

In order to achieve an “environmental-friendly behaviour”, Environmental GVBEs possess a clearly defined 

area of environmental responsibility, a framework for setting-up and reviewing environmental objectives, 

and a public policy of continuous improvement on environmental matters (Romero & Molina, 2014b). 

 
6.3.7.4. Eco-Efficient GVBE 

 

On the way to a sustainable industrial development model for VICs, an eco-efficient GVBE represents              

the fourth evolutionary model of the sustainable management continuum. Eco-efficient GVBEs go deep-in 

the ratio of environmental impacts and economic value created and shared with society (Romero & Molina, 

2014b). 

 
Table 16 – EIN Strategies in Eco-Efficient GVBEs (Romero & Molina, 2014b) 

Domain Goal/Features Key Practice 

Materials - Recycled materials. 
- Up-cycling materials. 

- Green materials suppliers. 

Energy - Energy eco-efficiency. - Energy saving technologies. 

Transportation - Integrated logistics. 
- Cohesive packaging, handling, storage 

and transportation (PHS&T) solutions. 

Marketing - Intermediate green marketing strategies. 
- Joint green promotions (advertising, 

trade-shows, etc.). 

 



Human Resources - Common needs. 

- Payroll. 

- Recruiting. 

- Performance record. 

- Scheduling. 

- Training/Learning management. 

- Benefits administration. 

I & C Systems - Systems interoperability. - Interoperability principles. 

Environmental,  

Health and Safety 

- Design for environment. 

- Design to cost. 
- Design for X guidelines. 

Production 

Processes 
- Sustainable manufacturing - Green production design. 

Quality of Life  

and Community 
- Green buildings/facilities. - Green infrastructure. 

Waste 

Management 
- Waste as input-resource. - Waste hierarchy strategic management. 

 

Furthermore, eco-efficient GVBEs focus on the adoption of more “cost-effective” pollution prevention 

technologies and significant changes to industrial processes and product designs in order to achieve 

maximum efficiency of waste treatment, products production and services delivery (Romero & Molina, 

2014b). 

 

6.3.7.5. Industrial Symbiosis GVBE 

 

The fifth evolutionary model of the sustainable management continuum is represented by the industrial 

symbiosis GVBE model. This sustainable industrial development model stands too for the first contribution 

of the Circular Economy, also called: “material close economy” or “lifecycle economy”, to a closed-loop || 

zero waste-emissions eco-industrial model, where industrial activities create quasi-cyclic and/or cyclic 

feedback flows through an eco-industrial system to reduce the need for external resources input and waste 

output till achieving self-sufficiency with closed-loop circulation of resources (Romero & Molina, 2014b). 

 

Table 17 – EIN Strategies in Industrial Symbiosis GVBEs (Romero & Molina, 2014b) 
Domain Goal/Features Key Practice 

Materials - Sustainable materials. 
- Infinitely recycled/renewable materials. 

- Sustainable materials suppliers. 

Energy - Energy cascading. - Quasi-cyclic energy flows. 

Transportation 
- Common logistics.  

- Reverse logistics. 

- Synchronise logistics operations. 

- Closed-loop supply chains. 

Marketing - Advanced green marketing strategies. 
- Marketing recyclable products. 

- Eco-consumption promotion. 

Human Resources 
- Collaborative teams. 

- Concurrent teams. 

- Functional teams. 

- Lightweight teams. 

- Heavyweight teams. 

- Autonomous teams. 

- Virtual teams. 

I & C Systems - Shared systems. - Groupware. 

Environmental, 

Health and Safety 

- Design for environment. 

- Design for recycling. 

- Design to cost. 

- Design for X guidelines. 

Production 

Processes 
- Closed-loop manufacturing. 

- Common green equipment. 

- Reuse, re-manufacture, and recycle. 

Quality of Life  

and Community 

- Neighbours as stakeholders. 

- Shared value. 
- Involvement in regional planning. 



Waste 

Management 
- Closed materials loops. - By-products exchanges. 

 

Hence, an industrial symbiosis GVBE embodies the paradigm shift from a linear industrial model to a new 

integrated and cyclic industrial eco-system optimising systematically all kind of resources flows                     

(e.g. information, materials, water, energy, infrastructure, etc.) through intra- and inter- green enterprises 

eco-industrial chains and networks (Romero & Molina, 2014b). 

 

6.3.7.6. Eco-Industrial GVBE 

 

Sixth and last evolutionary model for VICs in the sustainable management continuum is represented                 

by the eco-industrial GVBEs. This advanced sustainable industrial development model focuses on “eco-

innovations”, meaning all forms of innovation activities at products, services, processes, systems and 

business models resulting in or aimed at significantly improving in a holistic way (lifecycle thinking) 

environmental protection, economic growth and social progress by means of collaboration (Romero & 

Molina, 2014b). 

 

Table 18 – EIN Strategies in Eco-Industrial GVBEs (Romero & Molina, 2014b) 
Domain Goal/Features Key Practice 

Materials - Dematerialisation. 
- Reduction in the quantity of sustainable 

materials required. 

Energy - Energy harvesting and recovery. - Cyclic energy flows (co-generation). 

Transportation - Logistics innovations. 

- Green packaging. 

- Reusable pallets and containers. 

- Shipment tracking and tracing. 

- Vehicles diagnosis and monitoring. 

- Vehicles routeing and scheduling. 

- Proof of delivery (e-signatures). 

Marketing - Advanced green marketing strategies. 

- Joint green products ventures. 

- Service substitution (product-service 

systems). 

Human Resources - Flexible work. 

- Flexible work hours. 

- Flexible work locations. 

- Flexible work arrangements. 

I & C Systems - Joint systems. - Collaborative ICT-Infrastructures.  

Environmental,  

Health and Safety 
- Sustainable designs. 

- Shared environmental information 

- Joint regulatory permits. 

Production 

Processes 
- Green technology transfer. 

- Green technology sharing and 

integration. 

Quality of Life and 

Community 
- Green landscaping. - Infrastructure bio-mimicry. 

Waste 

Management 
- Creation of new materials market. - Blue economy. 

 

Finally, eco-industrial GVBEs aim to create and promote new forms of “radical innovation based 

sustainable development”, rather than previous models more aimed at evolving based on “incremental 

innovations” as a continuous improvement process for achieving sustainable development (Romero & 

Molina, 2014b). 

  



6.4. Green Virtual Enterprise Breeding Environments RESOLVE Strategies – Reference Model 21 

 

A strategic transition towards the Circular Economy (CE) (Ellen MacArthur Foundation, 2014) requires: 

(a) the use of renewable energy sources and materials that can be recycled, as well as circular product 

designs, which support these two conditions, (b) the adoption of new circular business models, (c) global 

closed-loop networks that support circular material flows, and (d) various enabling conditions of the above 

(Lewandowski, 2016) (Romero, et al., 2017). 

 

Shifting towards the CE will have significant implications on how value offerings are created, delivered 

and their residual value recovered as well as how shared value is created and captured by the members of 

a collaborative (business) network where information, materials, water, energy and cash will flow in 

different cycles based on various dynamic interactions within a closed-loop value system (Romero, et al., 

2017). 

 

In this context, this Section explores how the Collaborative Networks discipline can enable, by creating 

‘Green Virtual Enterprises and their Breeding Environments’ (Romero & Molina, 2010) (Romero & 

Molina, 2011b) (Romero & Molina, 2012) (Romero & Molina, 2013) (Romero & Molina, 2014a), the 

circular business practices of McKinsey’s RESOLVE framework of six core-principles, and corresponding 

actions, to achieve ‘circularity’ in business operations: REstore/REgenerate, Share, Optimise, Loop, 

Virtualise and Exchange (McKinsey’s Center for Business and the Environment & Ellen MacArthur 

Foundation, 2015) (Romero, et al., 2017). 

 

The RESOLVE framework has been developed by McKinsey’s Centre for Business and the Environment 

(2015) with the aim of emphasizing six strategies to incorporate Circular Economy concepts into a business, 

as follows: Restore/REgenerate, Share, Optimise, Loop, Virtualise and Exchange strategies (see Table 19) 

(Romero, et al., 2017). 

 

Table 19. McKinsey’s RESOLVE Framework 

(McKinsey’s Center for Business and the Environment & Ellen MacArthur Foundation, 2015)  

Circularity Actions Examples 

Restore/Regenerate 

 

 Shift to renewable energy and materials 

 Reclaim, retain, and restore health of ecosystem. 

 Return recovered biological resources to the biosphere. 

Share 

 

 Share assets (e.g. cars, rooms, appliances). 

 Reuse/Second-hand 

 Prolong life through maintenance, design for durability, 

upgradability, etc. 

Optimise 

 

 Increase performance/efficiency of product. 

 Remove waste in production and supply chain. 

 Leverage big data, automation, remote sensing and steering. 

Loop 

 

 Remanufacture products or components. 

 Recycle materials 

 Digest anaerobic 

 Extract biochemical form organic waste. 

Virtualise 

 

 Dematerialising directly (e.g. books, music, travel, etc.). 

 Dematerialising indirectly (e.g. online shopping). 

Exchange 

 

 Replace old with advanced non-renewable materials. 

 Apply new technologies (e.g. 3D printing). 

 Choose new products/services (e.g. multimodal transport). 

                                                           
21 This section is based on (Romero, et al., 2017), a refereed article published by the author during candidature. 



6.4.1. ‘RE’ for Restore and REgenerate 

 

According to Mckinsey (2015), REstorative & REgenerative (RE) systems aim to “reclaim, retain and 

restore the health of natural and industrial ecosystems, and return recovered resources to the bio-sphere and 

techno-sphere to renew feedstocks”. GVBEs aim to develop RE capabilities in the techno-sphere (i.e. the 

industrial ecosystem) in order to reduce virgin materials extraction and materials waste flows, and to 

increase materials productivity and recovery in the Circular Economy. RE industrial systems (Ellen 

MacArthur Foundation, 2014) (McKinsey’s Center for Business and the Environment & Ellen MacArthur 

Foundation, 2015) focus on maximising the usage and value of either products themselves or of their 

components, and eventually their incorporated materials, by the ‘power of circling materials longer’ through 

their reuse, remanufacturing or recycling, and by the ‘power of their cascaded use’ by using materials 

discarded as by-products from one value chain to replace virgin materials inflow in another (e.g. Industrial 

Symbiosis (Chertow, 2000)). Hence, GVBEs can act in different industrial sectors as REstorative systems 

(e.g. of land) by becoming ‘urban miners’ (cf. urban mining (Baccini & Brunner, 2012) (Cossu, et al., 2012) 

(see Fig. 21)), which extend their responsibility beyond their own ecological/environmental footprint,              

and transform landfills into ‘mines’ to reclaim the scraps of different materials (e.g. plastics, metals, wood, 

rubber, etc.) from discarded (landfilled) products. Such action allows recovering lost land and reintroduces 

various materials as reusable ones in their respective cyclic material flows, allowing the GVBEs to also act 

as REgenerative systems for such materials stocks in the techno-sphere of the Circular Economy (Romero, 

et al., 2017). 

 

 
Fig. 21. GVBE Urban Mining based on GVEs Materials Lifecycle (Adapted from (Cossu, et al., 2012)) 

 

Other regenerative or conservation actions performed by GVBEs are the use of renewable sources of 

energy and sustainable (recyclable and renewable) materials. These actions are enabled by GVBE green 

practices such as (Romero, et al., 2017):  

(a) Recruiting GVBE members / selecting GVE partners based on various quantitative and qualitative 

sustainability metrics (Verdecho, et al., 2010) (viz. economic, social and environmental (e.g. 

recyclable materials, eco-design, clean technologies, emissions, waste) performance indicators)               

to select the most suitable green enterprises for GVBE membership and collaboration in F- and                 

R-GVEs (Romero, et al., 2017), and  

(b) The adoption of green Information Systems (IS) (software) focus on improving the flow and 

management of information (e.g. environmental management systems, lifecycle analysis tools), 

while green Information Technologies (IT) focus on the ecological footprints of hardware and other 

Information and Communication Technology (ICT)-infrastructure, designed and managed under an 

environmental-care perspective  (Sarkis & Zhu, 2008) (Romero, et al., 2017). 

 

A good example of such greening effort in IT is the ‘GVBE advanced Collaborative Business ICT-

Infrastructure’ (Rabelo, 2008), which adopts the Cloud Computing paradigm (Ruaro & Rabelo, 2016),                  

to share hardware and ICT-infrastructures in order to reduce dispersed IT usage, maximise energy 

efficiency, adopt hardware recycling practices, lower emissions, and minimise water usage in cooling data 

centres (Sarkis, et al., 2013) (Romero, et al., 2017). 
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6.4.2. ‘S’ for Sharing 

 

According to Bostman & Rogers (2010), “the Sharing Economy is founded on the principle of maximising 

the utility of assets and other shareable resources by means of renting, lending, swapping, bartering and 

giving them away in order to avoid their ‘idle existence’”.  The Sharing Economy requires the adoption of 

wider business practices that, while economically sustainable, are able to reduce the environmental footprint 

of businesses, and also enable socially responsible business behaviours (Romero, et al., 2015). The concept 

of a ‘GVBE bag of assets’ was introduced in Romero, et al. (2015) as a virtual repository and/or physical 

warehouse, including collaborative procurement and shareable assets22 management strategies and services, 

with the purpose of facilitating the sharing of tangible and intangible assets and resources among GVBE 

members, so that economies of scale and scope can be achieved and an ‘inter-organisational’ sharing 

economy enabled within a GVBE (Romero, et al., 2015) (see Fig. 22). Hence, the GVBE bag of assets aims 

to develop a sharing economy business model that enables GVBE members to share their assets and 

resources in the sense of the RESOLVE framework, shareable assets and resources that would otherwise 

not be used cost-efficiently. This GVBE inter-organisational sharing economy can then be the basis of new 

revenue streams for GVBE members as well as to improve their efficiency in resources use (which ensures 

a positive environmental impact), and also creates stronger connections and trust among GVBE members 

(with expected positive social impact) (Romero, et al., 2017). 

 

 
Fig. 22. GVBE Sharing Economy Scenario (Romero, et al., 2015) 

 

According Romero, et al. (2015) and Latitude & Shareable (2010), some example of shareable assets                  

can be: “(a) tangible assets such as transportation vehicles (e.g. collaborative logistics), physical spaces 

(e.g. shared warehouses, excess space), infrequent-use items (e.g. event equipment), durable goods                        

(e.g. productive assets), etc., and (b) intangible shareable assets like individuals’ knowledge, skills and 

services (both business and software services), data, time and experiences” (Romero, et al., 2017). 

 

Other (quasi) sharing actions that GVBEs support are different strategies/services for prolonging                            

life of products or components through their re-use, re-sale, repair, upgrade/refurbishment and/or                            

re-manufacturing, as well as through the recovery of their residual value at their end-of-life via 

cannibalisation, recycling and/or smart incineration (viz. waste-to-energy) (Thierry, et al., 1995), based on 

the creation of R-GVEs (Romero & Molina, 2013) (Romero, et al., 2017). 

 

 

                                                           
22 A shareable (tangible) asset “is characterised by its high acquisition price, low availability and low frequency of use” (Romero, et al., 2015).   

GVBE 
Manager

GVE
Coordinator(s)

Governance / Management

GVBE 

Member 1

GVBE 

Member 2
GVBE 

Member ‘n’

=
 s

yn
c
h

ro
n

o
u

s
, c

e
n

tr
a

li
s
e

d
 

=
 a

s
yn

c
h

ro
n

o
u

s
, d

e
c
e

n
tr

a
lis

e
d

=
 a

s
yn

c
h

ro
n

o
u

s
, c

e
n

tr
a

li
s
e

d
 /
 d

e
c
e

n
tr

a
li
s
e

d
 

=
 g

o
ve

rn
a

n
c
e

 / 
m

a
n

a
g

e
m

e
n
t

GVBE         Bag of Assets

Sharing Economy





As detailed in (Romero & Molina, 2013), R-GVEs must be able to sustainably manage ‘reverse logistics’, 

despite the sometimes uncertain nature of the reverse material flows in closed-loop (circular) supply 

networks, and be able to take advantage of new green (circular) business opportunities based on second-

hand markets, repair champions, sharing societies, service-life extension programs and resources security 

initiatives (viz. materials, energy and water), also known as ‘Circular Economies’. Moreover, GVBEs and 

GVEs brokers (Romero & Molina, 2014a) (Romero, et al., 2014) will play a fundamental role in marketing, 

selling and branding GVEs circular products23 and services (e.g. products as a service, products based on 

recycled, biodegradable and/or compostable resources, or products/assets in sharing platforms (Bakker, et 

al., 2014) towards promoting their acceptance in a growing environmental conscious (green) marketplace 

(Romero, et al., 2017). 

 

6.4.3. ‘O’ for Optimise 

 

GVEs and their breeding environments aim to integrate and optimise complementary, and when needed, 

redundant green skills or core-competencies and resources (e.g. technologies and practices) of their GVBE 

members / GVE partners, and through this improve their competitiveness and environmental performance. 

According to Romero & Molina (2010), the advantage is to be able to offer green products and/or services 

that are circular, conserve natural resources, and importantly, are economically viable and socially 

rewarding for all stakeholders involved (Romero, et al., 2017). 

 

Such optimisation is conducted at different scales within the breeding environment and involving different 

GVBE actors. Some examples of GVBE optimisation actions at the breeding environment level include 

(Romero, et al., 2017):  

 The GVBE membership and structure management (system) (Afsarmanesh, et al., 2008) focused on 

the strategic recruiting of green enterprises to become GVBE members, and later GVE partners, in 

order to avoid ‘competency gaps’ between the GVBE available competencies and the competencies 

required for responding to designed and emerging green (circular) business opportunities (Romero, 

et al., 2017),              

 The GVBE profiling and competency management (system) (Afsarmanesh, et al., 2008) focused on 

building an inventory and proactively managing the green competencies (capabilities) and of              

the underlying resources (capacities) available in the breeding environment to guarantee their 

availability for the successful creation of F- and R-GVEs capable of offering, delivering and 

recovering green products and services to/from the market under a circular thinking (Romero, et al., 

2017), and  

 The GVBE lifecycle management itself (viz. creation, operation, evolution, metamorphosis and 

dissolution). This includes the GVBE ‘evolution lifecycle stage’, which refers to a set of feedback 

(cf. optimisation) processes through the GVBE performance management (system) (Afsarmanesh, 

et al., 2008), responsible for managing the continuous improvement of the breeding environment’s 

operations, and the GVBE ‘metamorphosis lifecycle stage’, which refers to various strategic 

imperatives such as changes in the GVBE mission, strategic adaptation of its business processes, 

ICT-infrastructure, governance principles and rules, etc. This may be necessary because of new 

market challenges or observed/ predicted trends in the marketplace to remain competitive (Romero, 

et al., 2017).  

 

 

 

 

                                                           
23 A circular product is “a product designed for servitization, lifecycle extension and easy-disassemble for composting and recycling, so their 

materials can circulate in closed-loops without generating waste” (Bakker, et al., 2014).              

 



Furthermore, examples of optimisation actions at GVE level comprise (Romero, et al., 2017):  

(a) The GVE partners’ search and selection process (tool) (Camarinha-Matos, et al., 2008) focused on 

assisting in the selection of the most suitable (optimal) GVBE members to become GVE partners 

based on ‘multi-criteria’ approach (e.g. quality, cost, delivery time, geographical distance, flexibility, 

green practices, health and safety practices, trust, etc.) to meet customer requirements and 

sustainability standards and regulations (Romero, et al., 2017), and 

(b) The GVE lifecycle management itself (viz. creation, operation, evolution and dissolution), where    

the GVE ‘evolution lifecycle stage’ is supported by simulation and decision support tools (Negretto, 

et al., 2008) for (re-)scheduling activities, optimising the production/service delivery plans, and 

finding solutions during operation when the original plan cannot be kept. Lastly, optimisation actions 

at green enterprises level focus on incentivising GVBE members’ sustainability continuum (Willard, 

2005) (Graedel & Howard-Grenville, 2005) in order to increase their chances for involvement in 

GVEs as partners (Romero, et al., 2017). 

 

Generally, GVBEs’ goals are to increase and optimise the preparedness of their members based on 

mechanisms for enhancing their readiness for collaboration (Romero, et al., 2009) (e.g. development of 

common working and sharing principles, governance rules and bylaws, a common ontology (terminology), 

shared (green) principles of operation, and an ICT-infrastructure that supports interoperability, etc.). This 

is necessary in order to support the rapid configuration of F- and R-GVEs (Romero & Molina, 2011b) as 

closed (circular) supply networks, and to optimise GVE partners’ collaborative performance24 (Westphal, 

et al., 2007) based on systems and tools for GVEs creation and management (Negretto, et al., 2008) 

(Romero, et al., 2017). 

 

6.4.4. ‘L’ for Loop 

 

As developed in (Romero & Molina, 2012), GVBEs aim to loop their information, materials, water, energy 

and infrastructure (services) flows in their closed (circular) supply networks to achieve zero-waste in a 

three-level holistic sustainable industrial development model for achieving a Circular Economy (see                  

Fig. 23). At a micro-level (small-cycle), Green Enterprises (GVBE members) focus on developing an 

‘industrial ecology’ at factory level by linking “material, energy, water and waste (including by-products) 

flows between their manufacturing operations, supporting facilities and the surroundings buildings in order 

to increase resources productivity and pursue zero-waste” (Despeisse, et al., 2012) (Romero, et al., 2017). 

 

At meso-level (mid-cycle), GVEs creation aims to facilitate the development of dynamic closed-loop 

(circular) supply networks through the agile operation of F- and R-GVEs within a breeding environment in 

order to develop synergies between GVE partners. According to Romero & Molina (2012), this is 

performed “so the waste and/or surplus of downstream operations within a GVE lifecycle, through a certain 

degree of technical processing, return to the upstream operations of other GVEs in order to close various 

resources loops” (Romero, et al., 2017). 

 

Lastly, at macro-level (big-cycle), GVBEs will act as ‘intelligent collaborative networks’ optimising                      

the different core-competencies and resources (viz. capabilities and capacities) of their members. These 

resources include human and technology as well as financial ones, but also information and knowledge 

resources whether available in the breeding environment itself or through its GVBE members to become as 

‘lean’ as possible in all its operations. For example, this may involve the removal of some members, 

activities and/or resources, or continuously improving those (Romero & Molina, 2012) (Romero, et al., 

2017). 

 

                                                           
24 Collaborative Performance is “the effectiveness and efficiency in creating an environment in which enterprises can merge their processes for 

performing joint activities in a non-hierarchic way” (Westphal, et al., 2007)  



 
Fig. 23. GVEs Loops based on Industrial Symbiosis Strategies (Romero & Molina, 2012) 

 

The most natural loop for GVBEs is the creation of R-GVEs (dynamic reverse supply networks) (Romero 

& Molina, 2013) for the purpose of recovering the products sold under the GVBE brand (product 

stewardship), through F-GVEs (Romero & Molina, 2014a), for service provision (e.g. repair), product 

recovery (e.g. re-manufacturing), or safe disposal (Bakker, et al., 2014), and therefore close-the-loop for 

closed (circular) supply networks based on GVEs creation (Romero & Molina, 2010) (Romero & Molina, 

2011b) (Romero & Molina, 2012) (Romero, et al., 2017). 

 

6.4.5. ‘V’ for Virtualise 

 

As discussed in (Romero & Molina, 2010) and (Romero, et al., 2014), GVBEs as virtual eco-industrial 

clusters possess certain advantages over traditional eco-industrial clusters (located in one site) based on 

their nature of being geographically distributed (virtual) and supported by collaborative business ICT 

infrastructures (Rabelo, 2008) that allow to the breeding environment to act as a ‘glocal networked 

enterprise’ (Romero, et al., 2014) with low environmental impact (e.g. on land) (Romero, et al., 2017). 

 

Moreover, GVBEs as ‘glocal networks’ can have a global presence with locally available GVBE members 

/ GVE partners to serve customers worldwide, creating in this way sustainable economic, environmental 

and social benefits for all stakeholders (Romero, et al., 2017). 

 

Other examples of GVBEs’ actions towards virtualisation are the shifting of physical products, services 

and/or processes by displacing or replacing those with the delivery of utilities through virtual channels. 

Such could be the case of a GVBE ‘Cloud-based’ Collaborative Business ICT-Infrastructures (Rabelo, 

2008) (Ruaro & Rabelo, 2016) delivering (e-)service offerings based on cloud models like Software-as-a-

Service (SaaS), Platform-as-a-Service (PaaS) and Infrastructure-as-a-Service (IaaS) to their members, and 

GVEs adopting Product-Service Systems (PSS) (Romero & Molina, 2014a) (Romero & Rossi, 2017) in 

their business models (e.g. product-oriented, use-oriented or result-oriented (Bocken, et al., 2016) (Tukker, 

2004)) to improve resources productivity (Cook, 2004) in their value offerings (Romero, et al., 2017). 

 

6.4.6. ‘E’ for Exchange 

 

The final category of the RESOLVE framework (McKinsey’s Center for Business and the Environment & 

Ellen MacArthur Foundation, 2015) is exchange, and this action refers to adopting new green (circular) 

technologies and systems as well as to upgrading or replacing older ways of working (e.g. green (circular) 

practices and principles) at the GVBE as it evolves based on a sustainable development maturity model 

(Romero & Molina, 2014b) (Romero, et al., 2017). 

 

Such exchanges can take place at different scales within the breeding environment and involving different 

GVBE actors. Some examples of ‘greening’ (circular) efforts at GVBE members (green enterprises) and 

GVEs levels may include the adoption of (Romero, et al., 2017): 
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(a) Technologies, in the broad sense of the term, focused on sustainable materials (e.g. green chemistry 

(Anasta & Warner, 1998)), circular product and service designs (e.g. designed for ease of 

maintenance and repair, upgradability and adaptability, and dis- and re-assembly (Bakker, et al., 

2014)), green business processes (e.g. green marketing (Liu & Wang, 2010)), circular manufacturing 

(Despeisse, et al., 2012) (Cerdasa, et al., 2015), reverse (Ellen MacArthur Foundation, 2016) and 

collaborative logistics (Langley, 2000), green packaging (Ma, et al., 2010), to mention a few 

(Romero, et al., 2017), 

(b) Systems, information technology based and non-information technology based, supporting Design 

for the Environment (DFE), Closed-loop Product Lifecycle Management (CPLM), Life Cycle 

Analysis (LCA), Lean Manufacturing, Total Quality Environmental Management (TQEM), 

Environmental Management Systems (EMS), Closed-loop Supply Chain Management (CSCM), 

ISO14000 series’ requirements, etc. (Romero, et al., 2017), and 

(c) Practices and principles, in addition to the Circular Economy ones (viz. waste is food, diversity is 

strength, renewable energy, prices must tell the true, and systems thinking (Ellen MacArthur 

Foundation, 2014)) like biomimicry (innovation inspired by nature) (Benyus, 1997), industrial 

ecology (closed-loop processes) (Allenby, 2006), cradle-to-cradle (regenerative industrial systems) 

(McDonough & Braungart, 2002) and blue economy (cascading systems) (Pauli, 2010) (Romero, et 

al., 2017). 

 

Furthermore, at GVBEs level ‘greening’ (circular) efforts will focus on advanced eco-industrial networking 

strategies (Romero & Molina, 2014b) (Cohen-Rosenthal, 2003b) in domains such as materials, energy, 

transportation, marketing, human resources, information and communication systems, environmental, 

health and safety, production processes, quality of life and community, and waste management (Romero, 

et al., 2017). 

  



6.5. Green Virtual Enterprise Breeding Environments Bag of Assets – Reference Model 25 

 

The Sharing Economy is founded on the principle of maximising the utility of assets and other shareable 

resources by means of renting, lending, swapping, bartering and giving them away in order to avoid their 

idle existence (Botsman & Rogers, 2010) and is currently being facilitated by emerging collaborative 

business ICT infrastructures in the marketplace (Rabelo, 2008) and society (Andersson, et al., 2013).                   

The Sharing Economy provides the ability to organisations and individuals to unlock the untapped social, 

economic and environmental value of their under-utilised assets and other shareable resources towards 

higher resources efficiency. Such resource efficiency strategies (e.g. virtuous business value cycles) are 

known as the Circular Economy (Ellen MacArthur Foundation, 2012) and Collaborative Consumption 

(Botsman & Rogers, 2010) by the economists, and as Industrial Ecology (Huber, 2000) by the engineers. 

Complementarily, these concepts focus on enabling links/exchanges/sharing of information, materials, 

water, energy, technology, services and/or infrastructure, and any other possible tangible or intangible asset, 

including by-products, based on collaboration and sharing strategies supported by shared/communal use of 

assets, logistics, expertise and knowledge transfer within a collaborative network (Romero & Molina, 2010) 

(Romero & Molina, 2012) (Romero, et al., 2015). 

 

This Section explores the enabling role of the GVBE bag of assets (Romero & Molina, 2010) (Romero & 

Molina, 2012) as a virtual and physical warehouse, including collaborative procurement and shareable 

assets26 management strategies, in order to facilitate the sharing of tangible and intangible resources 

between GVBE members. The GVBE bag of assets is put forward as a novel internal sustainable business 

model, based on a conceptual framework, taking advantage of idle assets and other shareable resources 

within the breeding environment in order to save costs and generate new revenue streams (economic), make 

efficient use of resources (environment), and create deeper social connections – trust – among member 

enterprises (social) (Romero, et al., 2015). 

 

6.5.1. GVBE Bag of Assets and the Sharing Economy 

 

The GVBE bag of assets provides collaborative procurement and shareable assets management services to 

the GVBE members in order to develop economies of scale and scope, and enable an ‘inter-organisational’ 

sharing economy (see Fig. 24) (Romero, et al., 2015). 

 

Collaborative procurement services (Sellafield Ltd., n.d.) aim to ensure GVBE members improved security 

of supply through aggregated buying power; exploit economies of scope within the breeding environment 

through bundling where there are significant costs common to different products or services in a supply 

chain; strengthen the negotiating position in contracting with suppliers; reduce prices through economies 

of scale;  share procurement costs for buyers and reduced bidding costs for suppliers through a single 

tendering process; share the costs associated with gathering price and market information; facilitate 

improved management of suppliers and contracts at a strategic level for contracts agreed by the GVBE 

management and GVE coordinator(s); deliver service and process improvements through the adoption of 

best practice; reduce fragmentation, number of contracts and unnecessary complexity for the breeding 

environment; ensure all collaborative procurements adopt the highest standards in terms of safety and 

environmental protection; better decision making through cross-GVBE members and external price 

benchmarking; and more consistent application of best practice, innovation and enhanced opportunities for 

learning (Adapted from (Sellafield Ltd., n.d.)) (Romero, et al., 2015). 

 

 

                                                           
25 This section is based on (Romero, et al., 2015), a refereed article published by the author during candidature. 
26 A shareable (tangible) asset is characterised by its high acquisition price, low availability and low frequency of use.   



Meanwhile, shareable assets management services aim to create a resource pool that in the sharing case of 

tangible assets may include transportation vehicles (e.g. collaborative logistics), physical spaces (e.g. shared 

warehouses, excess space), infrequent-use items (e.g. event equipment), durable goods (e.g. productive 

assets), etc., and in the sharing case of intangible assets, individuals’ knowledge, skills and services (both 

business and software services), data, time and experiences, with the intention of maximising the return on 

capital investments and maintaining a shareable knowledge and skills base (Romero, et al., 2015).  

 

Shareable assets can have different dimensions according to Latitude & Shareable (2010), based on their 

nature and lifecycles, assets can be ‘synchronously shared’ when the GVBE members can rent, borrow, and 

use an item from the bag of assets and return it to the central pool when finished using it, ‘asynchronously 

shared’ when GVBE members pass off – gifted, traded, bartered, or resold – the item from one to the other 

for reuse, and ‘collaboratively shared’ when the item can be simultaneously shared; furthermore, when it 

comes to their management (Latitude and Shareable, 2010), shareable assets can be administrated within 

the breeding environment under a ‘centralised model’ where the GVBE manager (or lender) is responsible 

for providing access to the central resource pool (the bag of assets) and all GVBE members are renters or 

borrowers, or under a ‘decentralised model’ (e.g. peer-to-peer) where the GVBE members control their own 

assets and play the dual role of lenders and renters/borrowers within the networked community; lastly in 

regards to the shareable assets potential for ‘value co-creation’ (Camarinha-Matos & Afsarmanesh, 2006), 

value is created through interactions (Latitude and Shareable, 2010), that enable the creation of financial 

capital (e.g. money) as well as social capital (e.g. reputation and social reach) for the GVBE and for its 

members (Adapted from (Latitude and Shareable, 2010)) (Romero, et al., 2015). 

 

As shared value increases within the breeding environment, GVBE members will discover new 

collaboration (business) opportunities to link/exchange/share their assets and value-added activities to gain 

competitive advantage and sustainable organisational performance (Haanes, et al., 2011) (Romero, et al., 

2015). 

 

 
Fig. 24. GVBE Bag of Assets: A Sharing Economy Scenario (Romero, et al., 2015) 

 

6.5.1.1. Towards a GVBE Bag of Assets Framework and Lifecycle 

 

A GVBE bag of assets represents a new long-term collaboration (business) opportunity, namely: the Sharing 

Economy (Botsman & Rogers, 2010), aimed at making ‘business sense’ of the efficient use of common and 

shareable assets within the untapped internal B2B breeding environment sharing marketplace. Therefore, 

the GVBE bag of assets creation will be triggered as an internal collaboration (business) opportunity                      

to create a resource pool that will be gradually built-up with the GVBE members’ shareable assets and joint 

purchases and investments in common assets (Romero, et al., 2015). 
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Fig. 25. Modelling Concept (Romero & Molina, 2010) (Camarinha-Matos, et al., 2007) (ISO/IEC, 2005a) 

for the GVBE Bag of Assets Framework (Romero, et al., 2015) 

 

Similar to the GVE creation framework (Romero & Molina, 2010) (Camarinha-Matos, et al., 2007) and 

according to GERAM - ISO/IS 15704 guidelines (ISO/IEC, 2005a), the GVBE bag of assets creation 

framework (see Fig. 25 & Fig. 26), on its ‘shareable assets’ pillar, starts with the identification of a set of 

shareable assets between the GVBE members within an open or predefined conceptualised scope that will 

trigger and justify the resource pool and its related services creation. Next, the collaboration (business) 

opportunities identified will be characterised (requirements design) in terms of their ‘economic drivers’ 

(e.g. monetise excess and idle inventory, increasing financial flexibility, access over ownership, etc.), 

‘ecological drivers’ (e.g. reduction of ecological and carbon footprints, etc.) and social drivers’ (e.g. asset-

light business paradigm, collaborative consumption, etc.). Following, a first rough architectural design of 

the GVBE bag of assets taxonomy will be defined (e.g. based on business and accounting principles – 

current assets, long-term investments, fixed assets, intangible assets, other assets) together with its sharing 

governance model  (e.g. own-to-mesh vs. full mesh, community diversity vs. company control, adoption 

vs. appropriability of benefits, informal contracting vs. formal contracting, trust by reputation vs. trust by 

commitment, non-market mediated vs. market mediated, social capital vs. individual benefits, identification 

avoidance vs. perceived ownership (Smolka & Hienerth, 2014)) and business models (e.g. sharing plan, 

sharing method(s), sharing investment, cost and profit model(s)). Subsequently, GVBE members willing 

and suitable to participate (as sharing users, sharing suppliers and/or broker(s)) in the long-term Sharing 

Economy collaboration (business) opportunity should be searched and selected according to the degree that 

their shareable assets profile (e.g. shareable assets inventory, trust level (Msanjila & Afsarmanesh, 2007b), 

etc.) matches the GVBE bag of assets scope. Then the rough taxonomy and sharing governance and business 

models should be detailed and agreed by the GVBE members through a negotiation process that aims to 

embed social (shared) value creation into contracts and agreements. Finally, the GVBE bag of assets 

operation should be launched (Romero, et al., 2015). 

 

For the particular situation of the GVBE bag of assets dissolution, shareable assets already count with an 

specific ownership by the GVBE members (sharing suppliers), so decommissioning efforts will be centred 

in common assets jointly purchased (Romero, et al., 2015). 
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Fig. 26. GVBE Bag of Assets Creation Framework Pillars (Romero, et al., 2015) 

 

On its ‘collaborative procurement’ pillar, the GVBE bag of assets creation framework starts with the 

identification and conceptualisation of the potential participant pool    to get involved in the collaborative 

purchasing opportunities. The GVBE members interested will begin communication and information 

exchange concerning their (individual) planned purchases in order to identify similar commodities in the 

same market – a broker may support this coordination action. Next, the collaborative purchase will be 

characterised (requirements design) in terms of number of participants involved, their size, their geographic 

location, their purchasing volume, etc. in order to use the appropriate mechanisms to obtain additional 

discounts or rebates beyond the initial volume-driven lower per-unit pricing. Following, a first rough 

architectural design of the total purchase size and individual bundles will be calculated as well as expected 

benefits for the participant GVBE members. Subsequently, GVBE members will confirm their participation 

in the collaborative purchasing opportunity. Then the rough collaborative purchase order will be detailed 

and transform into a request for quotation that will trigger concurrent negotiation processes with the 

suppliers, responding to a call for tenders issued by the GVBE manager or GVE coordinator, until an 

agreement is reached and a contract is signed. Finally, the winning supplier will issue an invoice and the 

GVBE members will expect the purchase within the time frame agreed in the collaborative procurement 

operation (Romero, et al., 2015). 

  

6.5.1.2. GVBE Bag of Assets Management Practice Aspects  
 

The GVBE bag of assets management practices may include function-wise, the following bundle of 

services, related to the shareable assets management: setup and update of the shareable assets taxonomy, 

shareable assets inventory management, reservation and scheduling of shareable and common assets, 

assignment/re-assignment of shareable and common assets, logistics and distribution of shareable assets, 

and monitoring of shareable and common assets utilisation (e.g. tracking assets condition, lifecycle cost, 

performance measurements, etc.). Resources-wise (and related to GVBE members’ participation 

management), the services bundle may include: shareable assets contributions and utilisation accounting, 

shareable and common assets financials (e.g. purchase, payment and invoice systems) and rewarding 

mechanisms to stimulate the internal B2B breeding environment sharing marketplace. Organisational-wise   

(and related to the GVBE bag of assets governance), the service bundle may include support for 

‘centralised’ and ‘decentralised’ control and management models. Finally, information-wise the GVBE bag 

of assets services bundle should be supported by an information management system as detailed below 

(Romero, et al., 2015). 
 

6.5.1.3. GVBE Bag of Assets Information Management System 
 

First generation GVBE bag of assets management systems (Afsarmanesh, et al., 2007) were mainly focused 

on storing and sharing intangible assets (e.g. documents, software tools, and other knowledge items); they 

were implemented as ‘content management systems’ providing services (functionalities) for the GVBE 

members, such as: subscribing/unsubscribing, publishing information (metadata), viewing information 

(browsing  and sorting) and support for GVBE member(s) reward. In this first generation, the GVBE bag 

of assets management was mainly a task for the GVBE manager and GVE coordinator(s), responsible for 

collecting ‘reference information’ that could support future better decision-making and efficient business 

processes execution (Romero, et al., 2015). 
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Second generation GVBE bag of assets management systems, empowered by the Internet of Things 

(Rosemann, 2013) paradigm, aim to enable a repository supporting the collection and dissemination of 

common and shareable assets-related information, capable of offering advanced functionalities or services 

for assets availability, assets conditions, assets tracking and assets usage, cost tracking, cash flow 

forecasting and financial reporting. In this second generation, in a centralised management model, brokers 

play a new supporting role for the GVBE manager and GVE coordinator(s) as ‘matchmakers’ of the supply 

and demand for common and shareable assets within the breeding environment, closing deals, and 

scheduling and tracking their utilisation. On the other hand, in a decentralised GVBE bag of assets 

management model, assets’ sharing becomes every breeding environment member’s business (Romero, et 

al., 2015). 

 

As a result, a GVBE bag of assets management system can be seen nowadays as a B2B e-marketplace within 

the breeding environment, based on a collaborative business ICT infrastructure (online platform), capable 

of creating reciprocal economic value by increasing assets utilisation through online accessibility and 

community sharing, as well as environmental and social value by reduced ownership overhead and stronger 

collaboration (Romero, et al., 2015). 

 

  



 

6.6. Forward - Green Virtual Enterprises and their Breeding Environments: Sustainable 

Manufacturing, Logistics & Consumption – F-GVE Reference Model 27 

 

In this section is focus on the case of GVEs as dynamic forward supply networks (F-GVEs) operating as 

temporary alliances of green enterprises that come together in order to better respond to the market demands 

through the most efficient use of their complementary skills or core-competences and shared resources,               

for developing and delivering in a sustainable way new products (goods and services) to the customer with 

a minimal environmental impact (see Fig. 27) (Romero & Molina, 2010) (Romero & Molina, 2011b) 

(Romero & Molina, 2014a). 

 

 
Fig. 27. Forward Green Virtual Enterprise Lifecycle: Dynamic Forward Supply Network                          

(Romero & Molina, 2014a) 

 

6.6.1. Typology 

 

F-GVEs can be sub-tailored to become Green Virtual Manufacturing Enterprises compromising different 

kinds of resources, manufacturing processes and knowledge needed for designing, engineering and 

manufacturing sustainable goods for the customer; Green Virtual Service Enterprises sharing knowledge 

and skills to fulfil different customer requests in after-sales services in a sustainable way; and Green Virtual 

Product-Service Enterprises integrating manufacturers and service providers  in order to support a 

sustainable customer lifecycle based on a combination of sustainable goods and their related value added 

services (see Fig. 28) (Romero & Molina, 2014a). 

 

 
Fig. 28. Forward Green Virtual Enterprise Typology (Romero & Molina, 2014a) 

 

 

 

                                                           
27 This section is based on (Romero & Molina, 2014a), a refereed article published by the author during candidature. 
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6.6.2. Sustainable Manufacturing & Logistics: Build-to-Order Supply Networks 
 

When judging the rationality of economic development in the past and looking into the future,                             

if a sustainable economy is the goal, it is important to understand that the industry of the 21st century will 

not be the same as the mass-production model throwaway economy of the 20th century (Holemans, 2013). 

The emerging CE will rely on new sustainable (mass-) customised products (goods and services) (Osorio, 

et al., 2014) and production and service provision models (Bettoni, et al., 2013), as well as their related 

sustainable business models (Short, et al., 2012), to support (mass-) customisation, sustainable production 

and logistics and on-demand manufacturing/service provision as enablers of a sustainable industry: 

‘Delivering not what the market wants, but what specific customers want’… ‘Producing green products just 

when the customer needs them and only in the quantity they are needed’ (Romero & Molina, 2014a). 
 

Sustainable Manufacturing is defined as “a systems approach for the creation and distribution (supply 

chain) of innovative products (goods and services) that minimises resources utilisation (inputs such as: 

materials, energy, water, and land), eliminates toxic substances, and produces zero waste that in effect 

reduces greenhouse gases (carbon intensity), across the entire lifecycle of products” (Sudarsan, 2010).              

F-GVEs aim to bring forward an emerging sustainable manufacturing and logistics mode of operation 

focused on compromising high levels of customisation, high customer-driven design, volume flexibility 

(not quantity restricted), short-cycle time, zero-inventory costs, minimal total cost and high supply chain 

integration for offering and delivering green products to the market in a sustainable way (Molina, et al., 

2007) (Romero & Molina, 2014a). 
 

F-GVEs focus on implementing mass-customisation and personalisation in a sustainable manufacturing and 

logistics paradigm empowering sustainability through eco-friendly and high flexible product designs 

(goods and/or services), production and/or service systems, and supply chains/networks (Romero & 

Molina, 2014a). 
 

The Build-to-Order (BTO) operation model (Molina, et al., 2007) aims to incorporate the key advantages 

of different operation models to become an attractive sustainable strategy for manufacturing and service 

enterprises. The BTO model takes the characteristics of ‘high level customisation’ and ‘customer driven 

design’ of the Engineer-to-Order (ETO) model, the ‘volume flexibility’ of Make-to-Order (MTO) model, 

the ‘short-cycle time’ of the MTO and Assembly-to-Order (ATO) models, the ‘zero-inventory costs’ of the 

ETO model, the ‘minimal total cost’ of the Make-to-Stock (MTS) model, and the ‘supply chain integration’ 

of the Configure-to-Order (CTO) model towards more sustainable supply networks operations (Molina, et 

al., 2007). Nevertheless, the BTO model implementation challenges the capacity and capability of a single 

enterprise calling for a ‘network of enterprises’ to gain access to its sustainable benefits and competitive 

advantage. Therefore, F-GVEs and their breeding environments represent a   well-suited model to guarantee 

the agility, leanness, greenness, flexibility, collaboration and specialisation levels (Romero & Molina, 

2011b) needed to deploy the BTO model successfully (see Fig. 29) (Romero & Molina, 2014a). 
 

A high level of customisation can be achieved by means of the F-GVE partners’ green capabilities and 

capacities integration, thus avoiding design, engineering, manufacturing and/or logistics competence and/or 

resource restrictions to develop sustainable (mass-) customised products (goods and/or services) 28 (Molina, 

et al., 2007) (Romero, et al., 2009). F-GVEs will be always created with the most suitable GVBE members 

for fulfilling any special request of a green customer or for guaranteeing the requirements of a given          

green business opportunity (Romero & Molina, 2010) (Romero & Molina, 2011b). Moreover, (mass-) 

customisation offers the opportunity   to develop true sustainable products (goods and services) with a high 

performance when it comes to meet the customer needs and being environmental-friendly within an 

affordable price (Osorio, et al., 2014) (Romero & Molina, 2014a). 

                                                           
28 Sustainable (mass-) customised products can be defined as goods or services capable of fulfilling engineering and customers’ requirements 

including environmental, economic and social constrains (Osorio, et al., 2014) (Romero & Molina, 2014a). 

 



High customer-driven design is in the nature of F-GVEs, being ‘goal-oriented supply networks’ driven by 

the aim of grasping a single green customer request or green business opportunity (Molina, et al., 2007) 

(Romero, et al., 2009). F-GVEs are customer-oriented entities where a ‘network of enterprises’ focuses on 

a ‘customer-centric collaboration’ to co-create a green product (whether of the goods or services type) 

(Romero & Molina, 2011b). By avoiding or reducing the risks involved in forecasting the right production 

mix, F-GVEs can save a great number of resources (e.g. raw materials, energy, water, etc.) related to unsold 

products, and conserve also such input resources for a longer time till the moment they are truly needed 

(e.g. just-in-time) (Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2014a). 

 

Volume flexibility is satisfied by adding/aggregating F-GVE partners’ production capacities and 

accommodating the proper volume of work accordingly to the task to their production capacity availability 

(Molina, et al., 2007) (Romero, et al., 2009). Such flexibility allows a sustainable manufacturing where the 

required amount of products will be produced, and any waste related to unsold products be avoided 

(resources conservation) (Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 

2014a). 

 

Short-cycle time, or shortest-cycle time possible, is attained by the analysis of different F-GVE partners 

topologies and work-breakdown-structure configurations during the F-GVE creation in order to create              

the right partnership and schedule (critical path) to meet or exceed the time-frame (lead time) expected by 

the green customer (Romero & Molina, 2010) (Romero & Molina, 2011b). F-GVE partners’ search and 

selection process (Baldo, et al., 2007) (Wang, et al., 2012) will guarantee always the best possible forward 

supply network configuration in terms of cost-efficiency, flexibility, responsiveness and lowest ecological 

footprint to manufacture and deliver a product (Romero & Molina, 2010) (Romero & Molina, 2011b) 

(Romero & Molina, 2014a). 

 

Zero-inventory costs are realised since F-GVEs do not need to have an inventory before any manufacturing 

order is launched (Molina, et al., 2007) (Romero, et al., 2009); F-GVEs operate under an on-demand 

manufacturing/service provision paradigm which can be considered a resources conservation strategy 

(Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2014a). 

 

Minimal total cost is accomplished due to the cost savings gained throughout the forward supply network 

(Molina, et al., 2007) (Romero, et al., 2009) by means of selecting the most cost-effective F-GVE partners 

for the manufacturing and logistics value added activities needed to be performed and efficient F-GVE 

operation (Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2014a). 

 

A high supply chain integration is reached thanks to the GVBE role as long-term strategic network (Molina, 

et al., 2007) concerned with facilitating the adoption of common operation principles and interoperable 

infrastructures in advance to improve communication, cooperation and coordination between GVBE 

members; when members are selected to become GVE partners, they will behave as an integrated whole, 

therefore enhancing their overall agility, flexibility and productivity to collaborate in a F-GVE (Romero & 

Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2014a). 

 



 
Fig. 29. Forward Green Virtual Enterprise Vision-based Framework (Romero & Molina, 2014a) 

 

6.6.3. Sustainable Consumption: Customer Communities 

 

Sustainable Consumption is defined as “the consumption of goods and services that have a minimal impact 

upon the environment, are socially equitable and economically viable whilst meeting the basic needs of 

their target customers, without jeopardising the needs of future generations” (GDRC) (Romero & Molina, 

2014a). 

 

Customers and, customer communities, play a vital role in contributing to a sustainable production and 

consumption in the industrial landscape and marketplace, being the ultimate target of a ‘sustainable supply 

network’. Their involvement and empowerment in sustainable supply networks is of key importance for 

driving the demand for sustainable products (goods and services), since customers are those who initiate 

the creation of any given product. First, customers influence what goods and services are being produced 

and offered (e.g. green products), and partially how products are being produced, delivered and disposed 

(e.g. green manufacturing and logistics). Second, how products are being consumed, which drives or 

constrains any product lifecycle’s extension strategies (e.g. products with recycled materials, second-hand 

products, refurbished/ upgradable products, repaired products). Third, customers influence each other in 

their consumer decisions of what, how and how many products are consumed (e.g. green purchasing and 

usage recommendations) (Romero & Molina, 2014a). 

 

Customers’ role in sustainable production and consumption will continue growing in the coming years,             

as advances of the ‘social’ Internet empower green consumers to actively participate in different sustainable 

practices (e.g. recycling) (Romero & Molina, 2011b) (Sigala, 2013). BTO supply networks (Molina, et al., 

2007) (e.g. GVEs and their breeding environments (Romero & Molina, 2010) (Romero & Molina, 2011) 

offer the opportunity to meet green customers’ demands and to manage their involvement in the co-

creation/co-innovation (Romero & Molina, 2011a) of sustainable (mass-) customised products (Bettoni, et 
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al., 2013) (Osorio, et al., 2014) and sustainable business models (Short, et al., 2012). Sustainable (mass-) 

customisation may trade-off lead time for environmental-friendliness, but pays back the customer with a 

certain level of personalisation/customisation of his/her goods or services and a truly sustainable product 

lifecycle (Bettoni, et al., 2013) (Osorio, et al., 2014) (Romero & Molina, 2014a). 
 

In order to explore customers’ role in achieving sustainable supply networks, authors have chosen Sarkis 

(2003) framework for outlining the operational processes of a sustainable supply network with the customer 

involvement (Adapted from (Sarkis, 2003)): Starting with green designing, customers education and 

awareness in (co-) designing and demanding sustainable products can incentivise manufacturing and 

service enterprises to look into more sustainable designs for their value propositions. This effect is also 

magnified by green (virtual) customer communities that collect, share and disseminate information about 

the sustainable performance of products, and customers increased interest to co-create/co-innovate 

sustainable products and business models (Romero & Molina, 2011b). Green procurement is the most 

obvious customer influence in a sustainable supply network since customers can choose their own goods 

manufacturers and service providers according to their sustainable performance (e.g. eco-certifications and 

environmental standards). Also, customers can influence procurement by eliminating and/or attenuating 

resources use by providing their own resources (e.g. self-service) and/or by helping to reuse or share 

resources (e.g. reuse programs) (Sigala, 2013). Green production and Green logistics are influenced by the 

customer consumption behaviour, which challenges manufacturing and service enterprises demand 

management, considering now the expected lead time by the customer in order to support sustainable 

production (e.g. dematerialisation, slow fashion, on-demand manufacturing/service provisioning, 

packaging reduction, product longevity) (Sheth, et al., 2011) and (collaborative) logistics practices (e.g. 

route planning, intermodal solutions, smart distribution, cargo consolidation, shared warehousing) 

(Langley, 2000). Green purchasing, consumption and marketing, as the three main relationships of                 

the firm with its customers, drives manufacturing and service enterprises to ethically promote their products 

(goods and/or services) by reinforcing customers’ sustainable lifestyles using different sustainable 

marketing practices (e.g. rewards, discounts, eco-labels, demarketing, remarketing) in order to develop a 

mindful consumption mind-set (Sheth, et al., 2011). Lastly, there is the green recycling achieved through 

different product recovery opportunities (Romero & Molina, 2013) that involve bringing back customers 

who have already purchased  a product to restart a new supply network cycle presumably with greater 

efficiency and lower resources use (e.g. reuse, repair, refurbish, re-manufacture, recycle) (Sigala, 2013) 

(Sheth, et al., 2011) (see Fig. 30) (Romero & Molina, 2014a). 
 

 
Fig. 30. Green Customers Sustainable Consumption Profile (Romero & Molina, 2014a) 

 

Increasingly, the sustainable production and consumption of products (goods and services) in                           

the industrial landscape and marketplace will involve a mix of long- and short-term collaborative networks, 

strategic and goal-oriented networks (Camarinha-Matos, et al., 2013), and networked enterprises and 

customers communities (Romero & Molina, 2011a), making GVEs and their breeding environments 

customer (Romero & Molina, 2010) (Romero & Molina, 2011b) a suitable collaborative environment and 

sustainable development model for customers’ involvement and other stakeholders in the process of 

collaboratively creating new products in a sustainable way and meeting customers’ needs and preferences 

(Romero & Molina, 2014a). 
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6.7. Reverse - Green Virtual Enterprises and their Breeding Environments: Closed-Loop Networks 

– R-GVE Reference Model 29 

 

This section will focus on the case of GVEs as dynamic reverse supply networks (R-GVEs) operating as 

temporary alliances of green enterprises that come together in order to better respond a business opportunity 

based on a sustainable reverse logistics and end-of-life manufacturing approach for recovering products, 

parts, subassemblies and/or scrap through the most efficient use of their complementary skills or core-

competences and shared resources for their direct-use (re-use), repair, refurbishment, re-manufacture, 

recycle or safe disposal - within a GVBE (see Fig. 31) (Romero & Molina, 2011b) (Romero & Molina, 

2012) (International Society for Industrial Ecology, 2013) (Romero & Molina, 2013). 

 

 
Fig. 31. Reverse Green Virtual Enterprise Lifecycle: Dynamic Reverse Supply Network                     

(Romero & Molina, 2013) 

 

The GVBE model potential for closing the loop of products at their end-of-life arises from its ability                     

to dynamically configure and launch R-GVEs according to a product lifecycle recovery needs and 

opportunities from/of the market and keep these reverse supply networks operational as long as                     

these opportunities persist (Romero & Molina, 2011b) (Romero & Molina, 2012) (International Society for 

Industrial Ecology, 2013), suggesting a number of sustainable benefits when it comes to the uncertainties 

of return flows/returned products in order to recover as much of the economic and ecological value of a 

product, thereby reducing the ultimate quantities of waste (Thierry, et al., 1995) (Romero & Molina, 2013). 

 

6.7.1. Strategic Issues in Product Recovery Management and GVBEs 

 

By analysing different Product Recovery Management (PRM) opportunities and their implementation 

challenges (Thierry, et al., 1995) (Ilgin & Gupta, 2013), GVBEs represent a promising paradigm to face 

those challenges and overcome them towards closed-loop industrial processes, closed-loop supply networks 

and sustainable industrial development models (Romero & Molina, 2010) (Romero & Molina, 2011b) 

(Romero & Molina, 2012) (Romero & Molina, 2013). 

 

 

                                                           
29 This section is based on (Romero & Molina, 2013), a refereed article published by the author during his previous research work. 



Following sections will explore those opportunities and challenges, and propose different collaborative 

strategies to design dynamic reverse supply networks, named: R-GVEs, capable of managing in a 

sustainable way the uncertainties of return flows in a closed-loop supply network, and take advantage of 

new value creation opportunities such as: second-hand markets, improved customer service in case of 

defective product returns (e.g. warranties), under-utilised materials and products (e.g. up-cycling and/or 

down-cycling) and social-environmental responsibility (e.g. product stewardship) (Romero & Molina, 

2013). 
 

6.7.2. Product Recovery Opportunities & Goal-Oriented Collaborative Networks 
 

There are eight types of product recovery/disposal options or opportunities: (1) direct reuse/resale when a 

virgin product can be second-hand used for the original purpose it was designed or a different one, without 

going into a product recovery operation (e.g. old clothes, old home-appliances, old toys, old furniture… are 

resold and/or donated - sustainability goal: waste avoidance); (2) repair when a durable product is fixed 

and/or some of its broken parts replaced to return the used product to “working order” or functional 

condition state (e.g. fixing a computer or replacing an auto part by a spare-part - sustainability goal: waste 

reduction by extending product durability); (3) refurbishment when all critical modules of a durable product 

are inspected and repaired, replaced and/or potentially upgraded to recondition the product to a specific 

quality level or functional state (e.g. restoring or renovating an antique, a building, a vehicle, an electronic 

equipment - sustainability goal: waste reduction  by extending product durability); (4) re-manufacturing 

when all modules and parts of a durable product (used and new) are inspected, repaired, replaced, 

potentially upgraded and tested to bring the product to “as new” quality level (e.g. air condition units,               

heavy duty equipment, vending machines… - sustainability goal: “like-new” products for a second life); 

(5) cannibalisation, in the past three product recovery options the product identity was preserved, but in the 

case when a product is cannibalised or selectively disassembled, some parts of the product will be 

retrieved/recovered for their use in repair, refurbishment and/or re-manufacturing activities and some  other 

part will be recycled and/or disposed (e.g. a machines boneyard as a source of spare parts inventory - 

sustainability goal: waste reduction by used parts reutilisation); (6) recycling, as opposed to previous 

product recovery options, when recycling a product its identity and functionality will be lost, but its 

component raw materials will be processed to make the same raw materials or useful degraded materials 

available for use into new products (e.g. glass, paper, metal, plastic, textiles… sustainability goal: 

consumption reduction of “fresh” raw materials), (7) incineration, is a disposal method for a product based 

on combustion or thermal treatment to convert it into  heat, gas, steam or ash (e.g. sustainability goal: waste-

to-energy), and (8) landfilling, is the last resort and less desired disposal method based on burying the waste 

(e.g. sustainability goal: properly designed and managed landfills) (Thierry, et al., 1995) (Romero & 

Molina, 2013). 
 

Fig. 32 depicts an integrated view of the different PRM opportunities and activities that will trigger an             

R-GVE creation with the required reverse logistics and end-of-life manufacturing capabilities and capacities 

to repair, refurbish, re-manufacture/ cannibalise, recycle, or safe dispose a product (Romero & Molina, 

2013). 
 

Considering the uncertainties in the timing, quantity, quality, composition and location of potential returned 

products from customers (Thierry, et al., 1995), the R-GVEs dynamic creation within a GVBE, offers a 

great opportunity to GVBE members (green enterprises30), on the one hand to close the loop in their supply 

chains based on a collaborative supply chain model, and on the other hand to explore new collaboration 

(business) opportunities based on creating value through product recovery (e.g. creating value from waste 

by recycling; delivering added-value thru function not ownership by repair, refurbishment and/or                         

re-manufacturing; encouraging sufficiency by direct-use/re-use; and maximising resources efficiency by 

any of the previous) (Romero & Molina, 2013). 

                                                           
30 Green Enterprise - is an enterprise that strives to meet the triple bottom line by ensuring that all its activities in its business operation address               

the sustainable principles (Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012) (Romero & Molina, 2013). 



PRM opportunities call then for innovative sustainable collaborative business models, and networked green 

enterprises, capable of unlocking new business opportunities at the end-of-lifecycle. The GVBE model 

(Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012) is the authors response 

to explore new collaboration strategies for capturing current missed value at the end-of-lifecycle with new 

activities, relationships and network configurations (Romero & Molina, 2013). 

 

 
Fig. 32. Product Recovery Opportunities-driving R-GVEs Creation (Romero & Molina, 2013) 

 

Moreover, in order to generate new solutions that capture new value at the end-of-lifecycle, green 

enterprises need to achieve sufficient volume and cost-efficiency, flexibility and competency in their 

reverse logistics and end-of-life manufacturing activities. These requirements are often drivers for inter-

organisational collaboration in industry, and authors approach based on GVBEs creation (Romero & 

Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012) puts forward the conditions and 

environment to support green enterprises to set-up their closed-loop supply networks by means of 

collaborative business infrastructures enabling multiple coordination and cooperation mechanisms like: 

shared commuting, shared shipping, integrated (reverse) logistics, joint product recovery operations, 

information exchange, etc. to create closed-loop business ecosystems (F-GVEs + R-GVEs) (Romero & 

Molina, 2013). 

 

6.7.3. Centralised vs. Decentralised Reverse Supply networks: Why not both? 

 

RGVEs focus on responding to collaborative product recovery’s business opportunities. Returned products 

or product recovery opportunities can be recovered/emerge from forward supply networks due to warranties 

and/or unsold products, from market-driven streams based on “bring-back the old and take-back the new 

one cheaper” promotions, and waste streams from manufacturing discarded products due to quality and/or 

technical issues (Prahinski & Kocabasoglu, 2006). The uncertainties in the timing and quantity of returns 

are clear and call for diverse reverse supply networks configurations with different life spans of existence 

in order to cope with the uncertain life of products (Romero & Molina, 2013). 



For example, in some cases “responsive and decentralised” reverse supply networks may be needed to deal 

with high-time sensitive products (e.g. electronic equipment with a short-lifecycle as a result of high-speed 

technology grow) where a faster response to a product recovery opportunity is needed to capture the 

returned value effectively at the end-of-lifecycle and fast-track move on to resale on a secondary market 

for: (a) products in case of repair or refurbishment; (b) components and parts in case of re-manufacturing 

and cannibalisation; or (c) raw materials in case of recycling. In other cases, “efficient and centralised” 

reverse supply networks may be required where the sense of urgency is lower and the focus is on the design 

of cost-efficiency RGVEs (e.g. functional and long-lifecycle products like household appliances) (see Fig. 

33) (Blackburn, et al., 2004) (Guide, et al., 2008). In this sense, GVBEs as breeding environments, underline 

the possibility of rapidly forming a consortium of green enterprises (an R-GVE) triggered by a product 

recovery opportunity and specially tailored to the competency requirements of that opportunity (e.g. 

capabilities, capacities, time, cost, quality, risk) and dissolve once their mission has been accomplished 

(Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012) (Romero & Molina, 

2013). 

 

“Efficient and centralised” reverse supply networks use a postpone strategy or later product differentiation 

in order to achieve processing economies by delaying inspection, sorting, and disposition activities until 

the returned products are collected at a central location. Furthermore, “responsive and decentralised” 

reverse supply networks use an early product differentiation to maximise assets recovery and fast-track 

returns for disposition and 5R31 or safe disposal (see Fig. 33) (Blackburn, et al., 2004) (Guide, et al., 2008). 

GVBEs as long-term strategic alliances of green enterprises (e.g. manufacturers and logistics providers), 

geographically distributed, offer the possibility of collaboratively managing a single or multiple bag(s) of 

(returned) assets32, traditional named: shared warehouses and distribution centres, providing an agile and 

flexible (inventory) approach when warehousing volumes, returning times and 5R possible operations are 

uncertain (Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012) (Romero & 

Molina, 2013). 

 

 
Fig. 33. Efficient-Centralised & Responsive Decentralised Reverse Supply Networks                             

(Adapted from (Blackburn, et al., 2004) and (Guide, et al., 2008)) (Romero & Molina, 2013) 

 

 

 

 

                                                           
31 5R - Re-use, Repair, Refurbish, Re-manufacture, and Recycle. 
32 Bag of assets - is a common virtual and physical warehouse to make easier the sharing of tangible and intangible assets between GVBE members 

for different collaborative purposes (Romero & Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012) (Romero & Molina, 2013). 



6.7.4. Information Management for Product Recovery Strategies and Net Design 

 

Reverse supply networks or R-GVEs are created by a number of collaborating (legally) independent green 

re-manufacturers and reverse logistics providers in order to recover back products from the market.                 

Their belonging to a long-term collaborative network such as GVBE offers those green enterprises                  

the opportunity and time for developing a common ground for communication and information exchange 

for mutual benefit (e.g. collaborative ICT business infrastructures (see (Rabelo, 2008)). Recalling, GVBEs 

are aimed at offering the necessary conditions (e.g. human, financial, social, infrastructural and 

organisational) to support the rapid and fluid configuration of F-GVEs and R-GVEs. GVBEs mainly focus 

on creating an adequate environment for the establishment of cooperation agreements, common operation 

principles, common interoperable infrastructures, common ontologies, and mutual trust among others, with 

the objective of preparing their members to be ready to collaborate in potential GVEs that will be established 

when a collaboration (business) opportunity arises (Romero & Molina, 2010) (Romero & Molina, 2011b) 

(Romero & Molina, 2012). In this context, GVBEs cooperation atmosphere and GVBE members’ 

preparedness for collaboration facilitates the reduction of information asymmetries and improves the 

alignment of potential R-GVE partners, emphasising in the dynamic creation and operation of information-

driven reverse logistics networks (Romero & Molina, 2013). 

 

Information management, starting from information creation to exchange and exploitation for decision-

making, is vital for the process of common planning and scheduling of R-GVE partners activities in a 

reverse supply network. Efficient design of R-GVEs strongly depends on information available not only 

about the potential returned products but also about the potential members available for joining a dynamic 

reverse supply network to tackle a product recovery opportunity (Romero & Molina, 2013). 

 

Regarding product related information management, two strategies may be pursued: (a) a product-centric 

information management strategy based on treating a product as an “intelligent object” capable of creating 

(e.g. thru sensors and actuators), storing (e.g. in smart-tags) and sharing (e.g. using communication 

technologies) information about itself over its lifecycle (Hribernik, et al., 2005). In this strategy, F-GVEs 

will need to consider these product features as part of the product design and engineering in order to make 

the product entity the central repository and access point for its historical information, supporting in this 

way all information provision requirements for conducting middle- and end-of-life after-sales services and 

product recovery operations on the product, which will trigger the creation of different types of GVEs and 

help to characterise the collaboration opportunity in terms of its competency requirements when a product 

arrives to a service or recovery location (Romero, et al., 2012), or (b) a product-integration information 

management strategy based on the integration of product-relevant information from multiple enterprise 

information systems (e.g. CAD, PDM, PLM, ERP, SCM, CRM) from all the product lifecycle stakeholders 

(GVE partners) to build a common database (e.g. knowledge repository): the GVBE collaborative ICT 

business infrastructure (Rabelo, 2008) - with the entire product historical information for data-mining it to 

forecast possible after-sales services and end-of-life product operations that will also launch the creation of 

different types of GVEs (Romero, et al., 2012) (Romero & Molina, 2013). 

 

With respect to information on potential members of a dynamic reverse supply networks, GVBEs integral 

management system (Romero & Molina, 2009b) offer a very complete set of information management 

systems covering: GVBE members’ membership structure, profiling and competency information 

(Afsarmanesh, et al., 2008), and GVEs creation (Camarinha-Matos, et al., 2008) and operation assistance 

information services (Negretto, et al., 2008). All these information management systems aimed at 

supporting the identification and characterisation of a product recovery opportunity, and a dynamic R-GVE 

creation and operation, including its partners search and selection, planning, set-up and operation, and 

dissolution management (Camarinha-Matos, et al., 2008) (Negretto, et al., 2008) (Romero & Molina, 2013). 

 



The assumption/believe (Golinsja, 2012) is that by combining products’ and GVBE members’ information, 

better decision-making can be done to forecast and identify reprocessing lead-times for particular products, 

volume of returned product flows, possibilities for grouping products families (commonalities), locations 

of potential collection points (distribution points), waiting time for returns, volume of returns inventories 

in distributed locations, and availability of recovery services in order to better design R-GVEs and locate 

GVBEs bag of assets (shared warehouses and distribution centres) (Romero & Molina, 2013). 

 

6.7.5. Second-hand Markets, Brokers and Green Consumers: Collaboration Again 

 

Reverse supply networks also highlight the activity of “resale” of repaired, refurbished or re-manufactured 

products in second-hand markets in order to up- or down-cycle a product in a Circular Economy (Romero, 

et al., 2012) (Adamides & Papachristos, 2010). Therefore, GVBE brokers (Romero & Molina, 2011b), play 

a vital role in the identification and/or development of new collaborative product recovery’s business 

opportunities in the market. GVBEs brokers are perhaps the most important factor for successful and 

profitable reverse supply networks and closed-loop supply networks (Romero & Molina, 2013). 

 

GVBEs brokers will be responsible for (re-)marketing the returned recovered products and negotiate with 

(potential) green customers thru different channels such as other re-manufactures (e.g. for product recovery 

cannibalisation strategies), green internet-based auctions, specialised retailers in returned products or 

second-hand products (e.g. outlets) among others (Adamides & Papachristos, 2010). Furthermore, GVBE 

brokers will leverage on the GVBE sustainable industrial development model for eco-branding and eco-

marketing as well as for building a green strategic competitive advantage in a growing environmentally 

conscious market (Romero & Molina, 2013). 

 

Moreover, in order to promote the acceptance of returned recovered products in the marketplace, GVBE 

brokers may promote the creation of green consumer networks around the GVBE aiming the creation and 

expansion of secondary markets (Romero & Molina, 2013). 

 

Collaboration between green customers and green manufacturers is foreseen again by the authors as              

trend that will led the manufacturing industry to responsive (profit) actions to a growing demand for               

eco-friendly products, acceptance of products with recycled materials, and increasing market requirements 

for after-sales services and take-back programmes, stimulating the emergency of product recovery 

opportunities at the end-of-lifecycle: R-GVEs creation (Romero & Molina, 2013). 
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To satisfy the consumers’ desire for personalised products, many manufacturing enterprises have nowadays 

diversified their product lines to appease every consumer taste. Nevertheless, this approach to product 

diversification has backfired, resulting in failed product launches, huge overstock and significant upfront 

costs, since a greater variety of product options usually leads to more dissatisfied consumers, due to raised 

expectations and unattainable perfection (Markwart, 2013). This reality has left many manufacturing 

enterprises with negative economic, social and environmental footprints that can be translated into capital 

losses on new product development investments, unsatisfied consumers in target customer segments, and 

wasted resources related to unsold products (Romero & Molina, 2014a). As a result, new business models, 

and their related supply chains, are required to support in a sustainable way the emerging consumer trends 

of mass-customisation (small series production) and personalisation (single product) to individual 

customers or communities (Molina, et al., 2007), relying on novel production paradigms characterised by 

flexible open manufacturing networks of small production units. Furthermore, Internet sales, both B2C & 

B2B, have made any product globally accessible for purchase, but its delivery and provisioning of life cycle 

services is a different challenge for traditional business solutions. In this sense, the notion of a Glocal 

Networked Enterprise presents a promising hybrid agile and lean supply chain and business model that can 

effectively and efficiently support highly customised and service-enhanced products along their lifecycle 

by involving manufacturers, customers, communities, third-party logistics providers and local service 

suppliers in a business ecosystem (Romero, et al., 2014). 

 

This section explores a new business model, and its related supply chain model, the Green Virtual 

Enterprise Broker, which is fully customer-driven and aware of the environmental footprint of products 

and services along their lifecycle (Romero, et al., 2014). 

 

6.8.1. Sustainable Customer-Driven Business Models 

 

New sustainable and customer-driven business models will continue emerging in the coming years due to 

the rapid advances in information and communication technologies, as well as in green manufacturing 

technologies, that have the potential to support a new generation of supply chain models. Such models                   

will be characterised by the customer involvement in the supply chain as co-inventors (e.g. Quirky),                       

co-designers (e.g. mi Adidas), or even as part of the assembly and delivery activities (e.g. IKEA); retailers 

as virtual business brokers; independent manufacturers as product development networks; and independent 

suppliers as logistics and product servicing networks. As a result, future business scenarios are based on 

collaborative and participatory business models and networked enterprises (Romero, et al., 2014). 

 

6.8.2. Sustainable Business Models 

 

Sustainable business models seek to go beyond delivering economic value - in accordance with a triple 

bottom line approach. According to Lüdeke-Freund (2010), a sustainable business model seeks to create 

balanced social, environmental and economic value through integrating sustainability more fully into its 

business model and value proposition(s). Furthermore, Short, et al., (2012), define a sustainable value 

proposition as a long-term shareholder value created as a scalable source of competitive advantage by 

embracing opportunities and managing the risks/benefits associated with their economic, environmental 

and social developments (Romero, et al., 2014). 

 

Moreover, Stubbs and Cocklin (2008) state that sustainable business models use both a system and firm-

level perspective, built on the triple bottom line approach, to define a supply chain model with a wider 

range of stakeholders (Romero, et al., 2014). 

                                                           
33 This Section is based on (Romero, et al., 2014), a refereed article published by the author during candidature. 



Sustainable business models require collaboration between companies, governments, communities and 

households; people and their communities play a critical role to bring such a change if provided with               

the smart thinking to increase efficiency and improve the usage of environmental resources, waste reduction 

and communal use of products or services (where possible) (Bartolomeo, et al., 2003) (Romero, et al., 

2014). 

 

As a result, next generation supply chain models will be based on sustainable business models capturing 

economic value, while protecting the environmental and generating social value for the customer                       

by improving his/her quality of life through highly customised value propositions (Romero, et al., 2014). 

 

6.8.3. Customer-Driven and Community-Driven Business Models 

 

Customer preferences are an important element in any business model and supply chain, since economic 

value is captured from customers (Bowman & Ambrosini, 2000). Customer value refers to what                         

the customer wants with certain limitations related to his/her purchasing power (Pynnönen, 2008). 

Therefore, in this context a customer-driven business model can be defined as a business model that echoes 

the voice of the customer and aims to meet or exceed his/her personal preferences based on main basic 

judging elements, such as: product functional features, service mix and quality, total cost of ownership, 

social and environmental impact (Romero, et al., 2014). 

 

Such customer-driven viewpoint, which can be seen as an on-demand manufacturing approach, can offer 

customers the opportunity for customising or personalising their products and manufacturing enterprises to 

increase their manufacturing resources productivity by avoiding unsold products (Romero, et al., 2014). 

 

In addition, to create new sources of value, several industrial sectors are striving to provide integrated 

product-service solutions, breaking down the traditional barriers between products and services. Product-

Service Systems (PSS) prevail as a systemic approach for enabling a strategic and managerial transition 

from selling the pure artefacts to deliver a customised and result-oriented solution providing a unique             

and positive experience to the user throughout his/her journey with the adopted solution (Cavalieri & 

Pezzotta, 2012) (Romero, et al., 2014). 

 

With result-oriented solutions customers get the ownership benefits with less personal burden, cost savings 

and lower impact on environment, hence showing more captivating alternative to standard and traditional 

buying and ownership styles. The focus is not limited to the communal use of products and services, but 

the primary objective is to promote and encourage the active role of consumers towards sustainable 

communities. Collaborative lifestyles are ideas based on people with similar interests coming together to 

share and exchange less tangible assets such as time, space, skills and money. As a result, customer-driven 

models are escalating towards community-driven models, considering that the choices of the single 

customers are not taken on an individual base but rather with their explicit awareness of the benefits or              

the rebound effects that their decisions could exert on the community they belong to. Collaborative business 

models like: sharing, lending, exchange, swapping, and bartering are now able to operate again on a large 

scale, across geographic boundaries, thanks to the advent of modern technology (Botsman & Rogers, 2010) 

(Romero, et al., 2014). 

 

6.8.4. Production Challenges in Small Series Productions 

 

Capturing sustainable value in small series productions and/or personalised products in a global 

marketplace requires the interplay of various collaborative networks (e.g. a business ecosystem), such as 

product development and servicing networks, including customers and local stakeholders, co-creating 

highly customised and service-enhanced products (Camarinha-Matos, et al., 2012) (Camarinha-Matos, et 

al., 2013) (Romero, et al., 2014). 



In the following sub-sections, different production approaches will be explored to offer highly customised 

products to single customers or community of customers in a sustainable way (Romero, et al., 2014). 

 

6.8.4.1. Small Series Production (Special Edition Items) 

 

A Small Series Production (SSP) is characterised by a small run (small lot size) and a low number of 

repetitions (frequency a product run is repeated) (Lödding, 2013). From a marketing perspective, a small 

series production is known as a special edition, and represents a restricted number of products being 

produced every once in a while (e.g. season) with some extra materials of some kind included and/or certain 

level of customisation (e.g. textiles, clothing and footwear seasons collections) (Romero, et al., 2014). 

 

Small series productions, or special editions, call for a Configure-to-Order (CTO) production approach 

offering customers a standard customisation based on a pre-defined number of customisation alternatives 

(e.g. a solution space34) aiming to satisfy their demand. Special editions are customised based on standard 

product designs, have a slightly higher cost, a limit variety, and are produced only when an order is placed 

(Romero, et al., 2014). 

 

Table 20 presents some of the production and supply chain management (SCM) characteristics and 

challenges of a CTO operational model to support global small series productions (Romero, et al., 2014). 

 

Table 20 – Production & Supply Chain Management Challenges in SSPs (Romero, et al., 2014) 

Process Characteristics Challenges 

Design & 

Engineering 

 Standard customisation. 

 Medium customer-driven 

design. 

 Designs based on common 

parts and modular 

subassemblies. 

Production 

 Pull order system. 

 Medium volume.  

 Medium flexibility. 

 Medium to Short cycle time. 

 Medium inventory costs. 

 Medium total costs. 

 Inventory management across 

the supply chain. 

 

Logistics & 

Distribution 
 Medium to Short cycle time.  High supply chain management 

and integration. 

 

6.8.4.2. One-Time Production (Limited Edition Items) 

 

A One-Time Production (OTP) is characterised by a small run; i.e. only one small lot is produced and            

the product is not manufactured again (repetitions = zero) (Lödding, 2013). From a marketing perspective, 

a one-time production is known as a limited edition, and represents a restricted number of products being 

produced for a unique time with a particular design (e.g. exclusive sport and luxury cars production) 

(Romero, et al., 2014). 

On-time productions, or limited editions, call for a Make-to-Order (MTO) production approach offering a 

high level of customisation (one of a kind) and high quality. Limited editions are tailored (an exclusive 

design), have a high cost, a limit number of units, and are produced only when an order is placed (Romero, 

et al., 2014). 

 

Table 21 presents some of the production and SCM characteristics and challenges of a MTO operational 

model to support global on-time productions (Romero, et al., 2014). 

 

                                                           
34 A solution space encompasses all the possible designs a toolkit can produce. 



Table 21 – Production & Supply Chain Management Challenges in OTPs (Romero, et al., 2014) 
Process Advantages Challenges 

Design & 

Engineering 

 One of a kind 

customisation. 

 Tailored customisation. 

 None customer-driven 

design. 

 Low standard parts ratio. 

 Customisation extent is 

high. 

 

Production 

 Pull order system. 

 Medium to low volume.  

 Medium flexibility. 

 Medium cycle time. 

 Low inventory costs. 

 Medium total costs. 

 Demand quantity is small. 

 Production planning based 

on order. 

 Manufacturing is trigger               

by customer orders. 

 Medium delivery time. 

Logistics & 

Distribution 
 Medium cycle time.  None supply chain 

integration. 

 

6.8.4.3. Personalised Production (Deluxe Item) 

 

A Personalised Production (PP) is characterised by a one-item production according to single customer 

requirements (Lödding, 2013). From a marketing perspective, a personalised production is known as a 

deluxe item, and represents a unique engineering design or significant customisation according to be 

produced according to specific customer’s requirements (e.g. a personalised competition sportswear or 

equipment for a professional athlete) (Romero, et al., 2014). 

 

Personalised productions, or deluxe items, call for an Engineer-to-Order (ETO) production approach 

offering a complete involvement of the customer in the item (product) design and engineering (e.g. unique 

design, set of part numbers, bill of materials, routing, etc.). Deluxe items are developed from scratch for 

each single customer, and therefore have a high cost and are produced only when an order is placed 

(Romero, et al., 2014). 

 

Table 22 presents some of the production and SCM advantages and challenges of an ETO operational 

model to support global personalised productions (Romero, et al., 2014). 

 

Table 22 – Production & Supply Chain Management Challenges in PPs (Romero, et al., 2014) 
Process Advantages Challenges 

Design & 

Engineering 

 High customisation 

(personalisation). 

 High customer-driven 

design (full          

involvement). 

 High product complexity. 

Production 

 Pull order system. 

 Low volume. 

 High flexibility. 

 Large cycle time. 

 None inventory costs. 

 High total costs. 

 Long delivery time. 

 

 

Logistics & 

Distribution 
 Large cycle time.  Long delivery time. 

 

 

 



6.8.4.4. Collective Production (Shared Item) 

 

A Collective Production (CP) is characterised by the production of a bundle of products and services 

according to the requirements of a close community of customers. From a marketing perspective,                      

a collective production could be termed as shared item, since design, engineering and delivery requires a 

significant customisation according to the specific local and cultural needs of the community sharing              

the common solution (e.g. energy management systems, local mobility systems, healthcare systems) 

(Romero, et al., 2014). 

 

This kind of solutions call for a novel Participatory-Engineering-to-Order (P-ETO) production approach, 

since the whole community, through a participatory mechanism, needs to be involved in the definition               

of the requirements and the engineering of the shared solution. A top-down approach (without                         

the involvement of the community since the beginning) would inhibit its widespread adoption (Romero, et 

al., 2014). 

 

Some of the related challenges that can be foreseen are: (a) engineering and delivering community-driven 

solutions requires a variety of professional skills, including among others sociologists and urban planners; 

and (b) given the complexity and the local features of the solution, deriving from an integration of more 

products and services, the configuration of the supply chain would be one-of-a-kind, specifically designed 

and scarcely repetitive (Romero, et al., 2014). 

 

Table 23 presents some of the production and SCM advantages and challenges of a P-ETO operational 

model to support global personalised productions (Romero, et al., 2014). 

 

Table 23 – Production & Supply Chain Management Challenges in CPs (Romero, et al., 2014) 
Process Advantages Challenges 

Design & 

Engineering 

 High customisation 

(personalisation). 

 High customer-driven 

design (full involvement). 

 Long design and 

engineering time. 

 Contradictory 

requirements. 

Production 

 Pull order system. 

 Very low volume. 

 High flexibility. 

 Large cycle time. 

 None inventory costs. 

 High total costs. 

 One-of-a-kind supply 

chain. 

 

 

Logistics & 

Distribution 
 High service costs.  Long delivery time. 

 

6.8.5. Green Virtual Enterprise Broker/Brokerage and their Glocal Networked Enterprises  

 

Global businesses are moving towards glocalization (globalised but localised) (Hesselbach & Herrmann, 

2011) and mass-customisation strategies to serve in a more personal and sustainable way their customers 

(Romero & Molina, 2011a). Romero, et al., (2014) define a Green Virtual Enterprise Broker (GVE-Broker) 

as a new business model where a focal enterprise35 creates sustainable value by mobilising and managing 

processes and resources rather than owning them. A GVE-Broker business model relies on a Glocal 

Networked Enterprise (GNE) composed by a network of enterprises, with global presence as network, but 

with locally available skills or core-competences and resources at the localities of their member enterprises 

to better serve customers worldwide (Romero, et al., 2014). 

                                                           
35A focal enterprise “is the initiator of an international business transaction, including multinational and small/medium size enterprises, that 

conceives, designs, and produce the offerings (goods and services) intended for consumption by customers worldwide” (Cavusgil, et al., 2008). 



A GNE is a breeding environment36 for the dynamic creation of Build-to-Order (BTO) supply chains 

(Molina, et al., 2007), named: virtual manufacturing and/or service enterprises (Romero & Molina, 2014a), 

to meet the specific requirements of customers, and at the same time adopt, under case by case bases              

(the business opportunity characterisation) the proper supply chain strategy/model (e.g. agile, lean, flexible) 

to cope with the uncertainties faced by the demand and sustainable and competitive supply of small series 

productions  and personalised products, and their related services (Hau, 2002). By associating the right 

business partners in a Green Virtual Enterprise (VE), BTO supply chains (Molina, et al., 2007) (Romero & 

Molina, 2011a), can face the challenges of a customer- or community-driven and sustainable supply chain 

with global added value product-service systems as customised ‘value propositions’; at the same time they 

would achieve a sustainable competitive advantage through the efficient use of locally available resources 

and competences in glocal networked member enterprises to reduce costs, lead time, environmental 

footprint and social negative impacts (Romero, et al., 2014). 

 

GVE-Brokers activities will be performed by means of a web-based collaborative solution platform             

(e.g. an e-marketplace) for the realisation of sustainable business ecosystems for the co-creation, 

manufacturing and delivery of customised product-services in distributed markets (Romero, et al., 2014). 

 

This web-based collaboration solution platform (see Table 24) will have a threefold service support offer 

for: (a) services for customers based on user toolkits37 for mass-customisation, personalisation and 

participatory engineering of value propositions, where customers can access to a solution space for               

co-innovating, co-creating and/or co-developing his/her own products and services (von Hippel, 2001) (von 

Hippel & Katz, 2002) (Franke & Piller, 2003) (Hermans, 2012), (b) services for GVE-brokers based on 

GVE creation tools named: opportunity identification and characterisation, GVE rough planning, GVE 

partners search and suggestion, GVE composition, GVE partners negotiation, detailed GVE planning, GVE 

partners contracting, and GVE set-up (Camarinha-Matos, et al., 2008) (Romero & Molina, 2011b) (Wang, 

et al., 2012), and (c) services for GVE coordinators based on GVE management tools such as: project 

planning and decision support, project execution and monitoring, and customer follow-up  (Romero & 

Molina, 2011b) (Negretto, et al., 2008) (Romero, et al., 2014). 

 

Table 24 – The Green Virtual Enterprise Broker and its Solution Platform Overview                               

(Romero, et al., 2014) 

Building Blocks Types 

Value Proposition(s) ● Mass-customised   ● Personalised   ● Shared 

Customer Segments ● Individual customers   ● Customer niche   ● Customer community 

Customer Relationships ● Customer-driven (co-innovation, co-creation, co-development) 

Channels ● e-Marketplace 

Key Partners  

(stakeholders) 

Glocal Networked Enterprise: 

● Manufacturers  ● Service Providers  ● Customers & Communities  ● Brokers 

Key Activities & Resources 

Front-end Intermediary Back-end 

User toolkits for:                    

mass-

customisation, 

personalisation 

and participatory 

engineering 

Broker toolkit for: 

● Opportunity 

characterisation 

● Partners search 

and selection 

● Topology set-up 

● Schedule 

activities 

● Assign tasks 

Networked Enterprise                        

toolkit for: 

● Monitor activities 

● Monitor finance 

● Monitor KPIs 

● Measure indicators 

● Manage exceptions 

● Monitor risks 

● Liability (guarantees)  

                                                           
36 A virtual enterprise breeding environment is a long-term strategic alliance of enterprises aimed at offering the necessary conditions to support 

the rapid and fluid configuration of virtual manufacturing and/or service enterprises (Romero & Molina, 2014a). 
37 A user toolkit is a technology that allows users to design a novel product via trial-and-error experimentation and deliver them an immediate 

(simulated) feedback on the potential outcome of their design ideas (von Hippel, 2001). 



● Allocate budget 

● Define KPIs 

● Identify risks 

e-Marketplace Platform: An interactive environment for                                                      

value co-creation and collaborative supply chain management.  

Cost Structure  ● Costing models (e.g. variables costs + economies of scope). 

Revenue Streams ● Profit models (e.g. subscription fees + brokerage fees). 

 

User toolkits as virtual tools build an interface between manufacturers and service providers and their 

customers. User toolkits can be employed by manufacturers and service providers to get an exact purchase 

order and therefore produce customised products just when the customers need them and only in                             

the quantity they are needed. Hence, user toolkits offer two advantages: (a) allow users to exactly specify 

their design preferences reducing the possibility of unsold products and increasing customer satisfaction, 

and (b) improve customer relationship (von Hippel, 2001) (von Hippel & Katz, 2002) (Franke & Piller, 

2003) (Hermans, 2012) (Romero, et al., 2014). 

 

GVE creation tools will support GVE-brokers to find glocally (globally and locally) the right GVE partners 

considering the availability of their green capabilities and capacities, cost, and localisation in order to build 

the best supply chain possible with the shortest lead time, cost and environmental footprint. Within the GVE 

creation tools, those related to GVE partners search and suggestion will play a vital role to help GVE-

brokers to find and evaluate different feasible GVE configurations with respect to customer-, economic-, 

social- and environmental- oriented criteria (e.g. customer preferences, production cost, delivery cost, lead 

time, footprint, green technologies, etc.) (Romero & Molina, 2011b) (Camarinha-Matos, et al., 2008) 

(Wang, et al., 2012) (Romero, et al., 2014). 

 

Thus, GVE-brokers capability to dynamically create BTO supply chains, tailored within a glocal networked 

enterprise, seems to be the most promising sustainable strategy to support ‘glocal markets’ and respond to 

the quality-, time-, cost- and environmental- frames demanded by the consumers of customised and small 

series production products that want a premium customer service (attention) and the feel of proximity (near-

by store) when it comes to the services associated to their products. In this scenario (see Fig. 34), glocal 

networked enterprises are an encouraging organisational model to enable agile, lean, and reasonably priced 

production and services activities glocally-wide (Hartel, et al., 2002) (Romero, et al., 2014). 

 

 
Fig. 34. Glocal Networked Enterprise World-Wide Operations (Romero, et al., 2014) 
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GVE management tools will support GVE coordinators in their main activity of orchestrating the glocal 

networked enterprise’s product development and servicing networks to strengthen a structure for ‘glocal 

operations’38 that responds to individual and niche customers’ needs on a global scale with the shortest lead 

time, cost and environmental footprint possible (Romero & Molina, 2011b) (Negretto, et al., 2008). GVE 

coordinators will formulate ‘glocal strategies’ to incorporate the adaptation of the network glocal core-

competences and resources, business opportunities characteristics, and location of the glocal networked 

member enterprises to suit the requirements of a local customer and attain a new competitive advantage. 

GVE coordinators will utilise the glocal network experience for customising products and services in such 

way that appeal to local/niche markets (small series productions) and single customers (personalisation) 

(Johanisson, 1994) (Foglio & Stanevicius, 2007) (Dumitrescu & Vinerean, 2010) (Romero, et al., 2014). 

  

                                                           
38 Glocal operations can be defined as strategies for providing a global offer while taking local related issues into account and therefore meeting 

certain local/particular needs or preferences, at lower costs due to the global edge of the networked enterprise (Johanisson, 1994). 



6.9. Green Sensing Virtual Enterprises: Interconnected Sensing Enterprises, Intelligent Assets and 

Smart Products in the Cyber-Physical Circular Economy – GSVE Reference Model39 
 

Reflecting the necessary evolution from ‘business as usual’ in Circular Economy (Ellen MacArthur 

Foundation, 2016) eco-systems towards self-aware and proactive ones, where Sensing Enterprises (SEs) 

(FInES Cluster, 2009) and their dynamic value networks (Noran, et al., 2014) interact with intelligent assets  

(Ellen MacArthur Foundation, 2016) and smart products40 (Kiritsis, 2011), this exploratory research work 

aims to unlock new ‘circular business’ opportunities (Bocken, et al., 2013) that can create significant 

sources of sustainable value for networked Small and Medium-sized Enterprises (SMEs). This endeavour 

presents as a necessity in the context of exponential growth of a Digital Economy (Deloitte Digital, 2012) 

bringing closer than ever people, organisations and resources within (virtual) collaborative networks 

(Camarinha-Matos et al., (2008); (2009a); (2010)), and thus connecting networked manufacturers and 

service providers with their value offers (e.g. product-service systems) (Reim, et al., 2015) by means of             

the Internet of Things (IoT) (Ashton, 2009), Cyber-Physical Systems (CPSs) (Lee, 2008) and Future 

Internet Enterprise Systems (FInES) (FInES Cluster, 2009) (Romero & Noran, 2017). 
 

Moreover, the Circular Economy (CE) is evolving towards a more Dynamic and Cyber-Physical form 

(DCPCE), where current circular business opportunities are being maximised by IoT, CPSs and FInES 

technologies and also creating new ones (e.g. digital servitization). In other words, creating new green 

revenue streams based on extending products’ use cycle (e.g. reuse, repair and other value-added service 

offers) and thus creating more value from each unit of resource recovered (e.g. refurbishment, 

remanufacturing and recycling) enabled by the possibility of identifying, authenticating, locating, tracking 

and remotely interacting with intelligent assets and smart products across their entire useful life (Romero 

& Noran, 2017). 
 

6.9.1. Sensing Enterprises and Dynamic Virtual Enterprises 
 

In the context of an ever increasing Networked and Digital Economy, successful enterprises are bound to 

exhibit increasing pervasiveness supported by IoT, CPS and FInES technologies, which are blurring their 

traditional boundaries to such extent that stimuli coming from within vs. outside of the enterprise can no 

longer be effectively distinguished. In fact, it is not characterised only by awareness (as the term implies), 

but also by decentralised intelligence (Noran, et al., 2014) (Romero & Noran, 2017). 
 

A SE can be described as “an enterprise that can foresee future decisions by using multi-dimensional 

information captured through physical and virtual objects so as to enhance its global context awareness” 

(FInES Cluster, 2011). SEs also feature decentralised intelligence, relevant not only to collaborative 

decision making, but also to purposefulness and well-being of the human side; thus, a SE can in fact be 

considered a ‘social’ enterprise. The ‘liquid’ (ubiquitous) character increasingly attributed to the SE is 

owing to the trend of sensors becoming a shared commodity (FInES Cluster, 2011) that allows other 

organisations to provide value-added services, based on observations of these sensors (Noran, et al., 2014).  

The typical key capabilities of the SE are awareness, perceptivity, intelligence and extroversion 

(Zdravković, et al., 2014). Awareness can be internal (self-), environmental (external-) but also universal – 

enabling the observation of unknown or unexpected sources, whether multi-modal, multi- dimensional, 

discrete or continuous. Perceptivity is a capability of an SE to assign a meaning to an internal or external 

observation and then decide on a suitable course of action as a result of a cognitive process using 

intelligence. SE extroversion relates to the willingness and capability of the SE to articulate its actions and 

demonstrates its business motivation and/or a concern about its physical and social environment 

(Zdravković, et al., 2014) (Noran, et al., 2014) (Romero & Noran, 2017). 

                                                           
39 This Section is based on (Romero & Noran, 2017), a refereed article published by the author during candidature.  
40 A physical object that is able to sense, record and communicate information about itself and/or their surroundings (Kiritsis, 2011) (Ellen 

MacArthur Foundation, 2016). 



In this context, previous research by Noran, et al. (2014) has attempted to define a new type of Virtual 

Organisation (VO), necessary to address shortened collaboration opportunity windows and ever faster 

changing environments of collaborative projects. Thus, the so-called ‘third generation’ 41 VO-types 

emphasised not only the dynamic VO creation process (specific to the second generation), but also VO’s 

‘agile’ behaviour during its lifecycle (cf. operation/evolution stages). Thus, a truly Dynamic VO                   

(DVO) would be capable to recognise and promptly react to changes in the environment during                                

its operation/evolution and therefore survive and   adapt to change. As it became increasingly obvious that              

the organisational behaviour attributed to DVOs matched that of what had been described above as                      

the ‘Sensing Enterprise’, Noran, et al. (2014) advocated that the SE be the basis of the DVOs (Romero & 

Noran, 2017). 

 

6.9.2. Dynamic Cyber-Physical Circular Economy Enablers 

 

The first source of sustainable value and enabler for a DCPCE relies on Collaborative Networked 

Organisations (CNOs) as ‘virtual’ (lacking a true physical manifestation per se) organisational forms able 

to grant SMEs the capability of bidding for and successfully completing projects that require capabilities 

beyond those of any individual member (Camarinha-Matos, et al., 2009a). A CNO is defined as “a network 

consisting of a variety of organisations that are largely autonomous, geographically distributed, and 

heterogeneous in terms of their operating environment, culture, social capital and goals, but that collaborate 

to better achieve common or compatible goals, and whose interactions are supported by computer 

networks” (Camarinha-Matos et al. (2008); (2009a)). In this Section, special attention is given to the goal-

oriented CNO-type known as Virtual Enterprise (VE), “a short-term and dynamic coalition of enterprises 

that may be tailored with a breeding environment to respond to as single collaboration (business) 

opportunity, through integrating their core-competencies and resources required to meet or exceed                       

the quality-, time- and cost- frames expected by the customer” (Camarinha-Matos et al. (2008); (2009a)). 

The authors focus on a particular VE-subtype known as Green Virtual Enterprise (GVE), “as a short-term 

agile alliance of green networked enterprises focused on offering, delivering and recovering green products 

to/from the market, under a lifecycle (circular) thinking” (Romero & Molina, 2010) (Romero & Molina, 

2011b). Moreover, depending on its goal (delivery or recovery), a GVE can be tailored to become a dynamic 

forward supply network for delivering new green products to the market (cf. F-GVE, (Romero & Molina, 

2014a)), or a dynamic reverse supply network for recovering products for service provisioning, product 

refurbishment or safe disposal (cf. R-GVE, (Romero & Molina, 2013)) (Romero & Noran, 2017). 

 

The second source of sustainable value and enabler for a DCPCE relies on the ever increasing variety of 

new ‘intelligent assets’ and ‘smart products’ having various degrees of ability to sense, store and 

communicate information about themselves and/or their surroundings in order to expose (new) servitization 

(e.g. maintenance, repair and overhaul) and circularity (e.g. reuse, refurbishment, remanufacture and 

recycling) business opportunities (Kiritsis, 2011) (Ellen MacArthur Foundation, 2016) (Romero & Molina, 

2013) (Romero & Molina, 2014a) (Romero, et al., 2015). This intelligence (‘smartness’) is enabled by                

the IoT paradigm, transforming previously passive assets and products into ‘live’ (active) entities capable 

of sharing information about their location, condition and availability; moreover, these  live entities would 

also be capable to trigger a call for action, e.g. for service provisioning to be provided by their Original 

Equipment Manufacturer (OEM). As a result, intelligent assets and smart products become ‘omnipresent 

things’ that rely on an ‘alert’ OEM across their useful life (lifecycle), who continuously senses their status 

and requirements for ad-hoc service provisioning (Romero & Noran, 2017). 

 

                                                           
41 First Generation VOs were created from an ‘open universe’ of organisations, while Second Generation featured breeding environments (VBEs) 

to increase the preparedness of potential VO partners towards rapid VO creation and configuration; however, it must be noted that the resulting 
VOs were not very agile in their operation; this represented an opportunity for improvement reflected in the development of a Third Generation 

VOs (Noran, et al., 2014) (Romero & Noran, 2017). 



Based on the next generation assets and products scenario described above, the third source of sustainable 

value and enabler of a DCPCE identified by the authors relies on the sensing capabilities of the intelligent 

assets and smart products manufacturers and service providers - in other words, on the SEs (see Section 2), 

which are “[…] capable of anticipating future decisions by using multi-dimensional information capture 

through physical and virtual objects and providing added value information to enhance its global context 

awareness” (FInES Cluster, 2011; Noran et al., 2014). Thus, manufacturing and service provisioning 

enterprises will appropriately sense and capture the necessary information in real-time from intelligent 

assets and smart products and their environment, thus providing the enterprises belonging to that asset- or 

product value chain with ‘sense and respond’ capabilities for a wide-ranging set of business stimuli 

(Romero & Noran, 2017). 

 

In this Section, it is employed the above-described concepts in exploring the conceptual development of 

Green Sensing Virtual Enterprises (GSVEs), as goal-oriented cohesive and loosely coupled mini-networks 

that are dynamically created and are typically composed by a short-term alliance of green enterprises with 

sensing capabilities, whose interactions are enabled by sensor networks and supported by computer 

systems. GSVEs are created in order to rise to a collaboration opportunity and will dissolve once their 

mission is accomplished (see Fig. 35).  

 

 
Fig. 35. Green Sensing Virtual Enterprise Qualities of Being (Romero & Noran, 2017) 

 

6.9.3. Towards Green Sensing Virtual Enterprises  

 

GSVEs are characterised by their green, sensing and virtual ‘Qualities of Being’ (FInES Cluster, 2009). 

Their green quality will come from the aim of incorporating principles of sustainability into each of its 

business operations, ensuring that all products, processes, manufacturing and logistics activities adequately 

address all environmental concerns while maintaining a profit (Romero & Molina, 2010) (Romero & 

Molina, 2011b). The inherited sensing qualities of a GSVE manifest in the context specific decentralised 

intelligence and data fusion (Guiry, et al., 2014) capabilities; thus, awareness (self-, environmental and 

universal), perceptivity, intelligence and extroversion properties enable a GSVE to sense a phenomenon     

or event within itself or its surroundings, assign meaning to that phenomenon or event encompassing 

assertion, storing and acquisition of behaviour patterns based on post-mortem analyses, and articulate its 

actions regularly and upon request (Noran et al., 2014). GSVEs’ virtual quality will come from the fact that 

the participant networked Green Sensing Enterprises (GSEs) appear to the outside environment as a single 

entity, despite actually being community of autonomous and geographically distributed enterprises linked 

via intelligent communication and coordination mechanisms (adapted from (Camarinha-Matos & 

Afsarmanesh, 2008) (Romero & Molina, 2010) (Romero & Molina, 2011b) (Noran, et al., 2014) (Romero 

& Noran, 2017). 
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GSVEs possess, like their member SEs, context awareness by means of sensor networks composed by 

various IoT-enabled ‘things’ that include the intelligent assets and smart products under their stewardship, 

making possible the discovery of new collaboration (business) opportunities and therefore new revenue 

streams based on novel (e-)services. GSVEs also manifest dynamic configurability so as to support an agile           

CE eco-system that creates Forward GSVEs (F-GSVEs) and Reverse GSVEs (R-GSVEs) capable of taking 

advantage of short-term collaboration (business) opportunities for offering, delivering (‘forward’) or 

recovering (‘reverse’) green products to/from the market and transforming them within a circular market. 

Finally, GSVEs will display multi-identity by allowing the participating GSEs (GSVBE members) to be 

partners in multiple F-GSVEs and R-GSVEs, where their unique skills or core-competencies and resources 

can be optimally used for value adding (Romero & Noran, 2017). 

       
Furthermore, in order to increase the context awareness of GSVEs towards the identification of 

collaboration (business) opportunities triggered by endogenous events (e.g. a partner sensing enterprise, or 

an intelligent asset, or a smart product under the GSVE stewardship) or exogenous phenomena (e.g. an 

emerging opportunity discovered using big data analytics and forecasting) (Ferreira, et al., 2012), it is 

proposed the creation of an ‘agent-based brokerage e-service’ for GSEs (Petersen, et al., 2008) (Chen & 

Wang, 2008) capable of triggering the prompt formation of F-GSVEs and R-GSVEs according to the 

identification, characterisation and planning of collaboration (business) opportunities sensed. GSVE 

Brokers build on concepts espoused by Molina et al. (2007), Romero & Molina (2014a) and Romero et al. 

(2014) can be defined as business entities and/or agents responsible for searching (sensing) opportunities 

in the global environment and enabling the dynamic creation of F-GSVEs and R-GSVEs (Romero & Noran, 

2017). 
 

Likewise, when it comes to increasing the dynamic creation and operation (configurability) of GSVEs,                    

the authors propose the use of Virtual Enterprise Breeding Environments (VBEs) paradigm for the creation 

stage and the ‘SE capabilities’ for the operation and evolution stages of the GSVE lifecycle (creation, 

operation/evolution and dissolution). Thus, Green Sensing Enterprise Breeding Environments (GSVBEs), 

as long-term strategic networks, will allow a more effective and dynamic GSVEs creation process in 

response to the requirement to capture collaboration (business) opportunities on short notice, thanks to their 

main purpose – increasing the preparedness of their members towards rapid configuration and creation of 

GSVEs by negotiating in advance a set of cooperation agreements and common operation principles, 

interoperable systems and ontologies (Camarinha-Matos, et al., 2008) (Camarinha-Matos, et al., 2010) 

(Romero & Molina, 2010) (Romero & Molina, 2011b). In this context, the GSVBE members, i.e. GSEs 

acting as GSVE partners, will use their ‘sensing capabilities’ to recognise and promptly react to changes in 

the environment during its operation/ evolution and therefore survive and even thrive on change, thus 

becoming truly dynamic GSVEs (Noran, et al., 2014) (Romero & Noran, 2017). 
 

A multi-identity of GSVBE members will also manifest, supported and managed at the GSVBE level by 

means of a set of membership, profiling, competency and rewarding mechanisms (Afsarmanesh, et al., 

2008) and at GSVE level  by tools enabling GSVE partners search, suggestion and/or selection (Baldo, et 

al., 2007) (Camarinha-Matos, et al., 2008). Thus, GSEs (GSVBE members) can simultaneously participate 

in various GSVEs, providing their green capabilities across multiple value chains/networks (e.g. F-GSVEs 

and R-GSVEs) (Zhang, et al., 2010) (Romero & Molina, 2013) (Romero & Molina, 2014a) (Romero & 

Noran, 2017). 

 

GSVEs ‘green’ and ‘circular’ enhanced capabilities will arise (a) from the dynamic and flexible creation of 

F-GSVEs and R-GSVEs within a GSVBE, subsequently enabling dynamic and virtual closed-loop 

(circular) supply networks able to address circular market business opportunities and (b) from                                  

the integration of specific green core competencies and resources of the GSVE partners in order to achieve 

higher levels of ‘green’ operation (Romero & Molina, 2012) (Romero & Noran, 2017). 

 



6.9.4. The GSVE Lifecycle: Creation, Operation/Evolution & Dissolution 
 

The following collaborative scenario aims to present a green, sensing and virtual business eco-system of 

enterprises (cf. breeding environment) transforming a typical Circular Economy (CE) environment into a 

Dynamic Cyber-Physical Circular Economy (DCPCE) (Romero & Noran, 2017). 
 

6.9.4.1. GSVE Lifecycle Creation Stage 
 

In the envisaged networked organisational set-up, F-GSVEs and R-GSVEs will be dynamically created 

within a Breeding Environment (BE) that reacts to a circular business opportunity in a prompt and                     

agile manner, in order to cope with todays’ disruptive, global and ultra-competitive market environment.  

The GSVE creation stage activities include the following: (1) collaboration opportunity identification,                

(2) collaboration opportunity characterisation and GSVE rough planning, (3) partners search and selection, 

(4) negotiation, (5) detailed planning and (6) contracting. Traditionally, VE creation is triggered by a                       

VE ‘broker’ (who may or may not also be one of the VBE members) supported by a set of Information 

Systems (IS). As brokerage technology evolves and matures (using e.g. a multi-agent paradigm), Next 

Generation GSVE brokers are expected to be built on agent-based brokerage e-services, sensing and, when 

the ‘right’ conditions are met (determined using ‘sense-making’ of the data collected, employing their 

intelligence), triggering GSVEs formation. Such evolved broker agents can be networked SEs, intelligent 

assets or smart products acting as a kind of ‘radars’ displaying self- and environmental awareness and being 

in perfect ‘osmosis’ with their eco-system (Santucci, et al., 2012), while delivering real-time relevant data 

for business opportunities’ identification. For example: (a) a GSVE member could be continuously sensing 

and analysing the received data in order to discover possible consumer trends and thus infer potential 

circular business opportunities, (b) an intelligent asset may be  alerting the ‘GSVE broker’ on the need for 

a preventative maintenance service, therefore triggering the broker into kick-starting a F-GSVE creation 

process, and/or (c) a number of smart products could be notifying their imminent end-of-life, thus triggering 

a R-GSVE creation process by the GSVE for the potential recycling opportunity (Romero & Noran, 2017). 
 

Furthermore, since SEs, intelligent assets and smart products are capable of continuously logging and 

communicating information about what they are sensing, the resulting information (e.g. location, condition, 

availability, etc. – typically filtered to some degree to avoid noise) can be shared so as to facilitate                          

the collaboration opportunity characterisation (cf. green competencies and resources requirements) and 

GSVE rough planning (cf. identification of competencies and capacities available and of possible network 

topologies and configurations). As a first example, a GSVBE member would be able to actively monitor 

(sense) in real-time calls for certain capabilities (including capacities) and availability for joining a F-GSVE 

or R-GSVE in formation, as requested by an active GSVE broker; at the same time the GSVBE member 

can verify if such capabilities and availabilities are available according to the GSVE rough planning project 

schedule (e.g. work break-down structure and schedule) in its cyber-physical production system42 (e.g. raw 

material inventory and machine tools capabilities, capacity and availability) and inform back automatically 

(possibly through intelligent agents) the GSVE broker. As a second example, intelligent assets (e.g. a 

machine tool or a transportation vehicle) as part of the cyber-physical production and logistics system  of a 

GSVBE member or a GSVE partner will be able to share information about themselves (e.g. asset 

availability, location, condition, usage, cost, etc.) in order to facilitate not only the creation of a suitable 

GSVE, but also its operation within the set parameters and if needed, even its evolution, since the cyber/ 

digital representation of such ‘intelligent assets’ will allow creating virtual models and executable 

simulations for their (re-)configuring, (re-)scheduling, (re-)allocating and optimisation during the GSVE’s 

lifecycle. A third example relates to smart products, which could, during their useful life, share valuable 

information about themselves (e.g. usage, support, maintenance, etc.) in order to improve the design and 

engineering of the future smart products to be produced by the GSVE (see Fig. 36) (Romero & Noran, 2017). 

                                                           
42 A physical and computational (cyber) network of components controlled or monitored by computer- based algorithms, tightly integrated with 

the Internet (of Things) (Lee, 2008). 



 

Fig. 36. Green Sensing Virtual Enterprise Lifecycle – Scenario (Romero & Noran, 2017) 

 

As previously mentioned, GSVBE members and their intelligent assets’ (cf. cyber-physical production and 

logistics systems) real-time information sharing capabilities will facilitate the GSVE partner search and 

selection process of the GSVE broker thanks to the availability of current and appropriately detailed 

information about the potential GSVE partners’ capabilities, capacities and availability (to the level of a 

particular intelligent asset) to join a F-GSVE or R-GSVE (Romero & Noran, 2017). 

 

This shareable information about the potential GSVE partners and their intelligent assets (e.g. asset 

availability, location, condition, usage, cost, etc.) will also facilitate a transparent negotiation and 

contracting process as well as supporting the evolution of the GSVE rough planning into detail planning 

(Romero & Noran, 2017). 

 

6.9.4.2. GSVEs Lifecycle Operation/Evolution Stage(s)  

 

Typically, every enterprise faces changes in its environment during its lifecycle. This is all truer nowadays, 

when agility is essential to survive the increasingly disruptive, volatile and turbulent global marketplace. 

Agility reflects the capability to promptly adapt and thus to re-design itself ‘on the fly’ (while operating) to 

a certain extent. This is of course also true in the case of VEs and GVEs; their agility expresses the capability 

to change without significant broker intervention and in fact, their capacity to endure (i.e. avoid the need 

for dissolution and re-creation of a more suitable VE by the VBE). Thus, an agile (G)VE is likely to have 

an increased chance of seeing to completion the project it was set-up for (Romero & Noran, 2017). 

 

In the case of (forward or reverse) GSVEs, their composition (GSVBE members) will enable them to inherit 

the ‘sensing’ properties of its participants. Thus, a genuine GSVE will use self-, environmental and 

universal awareness, perceptivity, intelligence and extroversion capabilities in order to cope with changes 

in its mission/goal (Noran, et al., 2014). To exemplify, self-awareness will enable a GSVE to monitor its 

own performance in relation to the fulfilment of its mission and trigger a self-re-design when necessary, 

with little or no intervention from the broker or the GVBE. For example, if an F-GSVE becomes aware 
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that, due to its own operating parameters set during creation, it will not be able to meet the deadline for the 

peak demand for a green product (determined based on its environmental and universal awareness as further 

shown), it would be able to re-design itself to correct that trend. The self-awareness would also be useful 

to monitor the results and alert the GSVE broker/coordinator or GSVBE manager if the re-design did not                

in fact produce the desired results and a dissolution and re-creation would be required instead. The GSVE’s 

environmental and universal awareness will be very useful in its continuous performance self-assessment, 

in view of changing external parameters. For example, an F-GSVE could become aware (e.g. based on on-

going data analytics and past trends) that the demand for a specific green product would in fact peak at a 

different point in time than predicted and thus the optimal launch point would need to be adjusted, which 

would trigger (in escalating order) changing operating parameters, partial re-design, or triggering for 

dissolution or prompt re-creation. The extent and pace of self- and real-time re-design would be determined 

using the perceptivity (making sense of the observations resulting from awareness) and intelligence (making 

decisions based on this sense making). Another consequence of intelligence would the GSVE exhibiting 

learning organisation behaviour so that future responses to similar challenges are optimised rather than 

mechanistically repeated and thus, agility is enhanced. Extroversion, as another sensing property inherited 

from the GSVBE members, would be essential in (1) explaining and documenting the need and decision 

for re-engineering and (2) sharing the ‘lessons’ thus learned with the GSVBE members and herewith 

contributing to a higher level of knowledge within the network of GSVBE members (and if so decided,             

the creation of partial models – templates – to speed-up future GSVEs creation) (Romero & Noran, 2017). 
 

To extend the previous example to an R-GSVE, such an enterprise could learn via environmental and/or 

universal awareness that a different quantity or type of smart products is nearing its end-of-life and perhaps 

earlier than expected and that, according to information gathered via self-awareness and processed using 

its perceptivity, it will not be able to recycle them according to the performance parameters set by the 

GSVBE. Then, based on its intelligence, it could make a decision on the feasibility and extent of real-time 

self-re-engineering (or rather dissolution and re-creation) and communicate this to the GSVBE members 

using its extroversion (see Fig. 36) (Romero & Noran, 2017). 

 

6.9.4.3. GSVEs Lifecycle Dissolution Stage 

 

The typical VE dissolution occurs at the end of the project   the virtual enterprise was created for, or if              

the VE is no longer fit for purpose. This is still true in the case of sensing enterprises; however, as previously 

shown in this scenario the GSVE can itself call for dissolution if it determines, based on its awareness 

properties, that it cannot evolve enough to meet the required performance level due to changes in                           

the environment. It must be also noted that the number of GSVE set-ups and dissolutions may be 

significantly reduced due to their agility. Thus, the GSVEs may adapt enough to keep within the established 

parameters (by the GSVBE and GSVE brokers/coordinator) in the face of changes in their environment and 

may even be able to be ‘kept alive and re-used’ for different projects if they are able to self-re-engineer 

enough so as to cope with the different scope of the new project. This is a significant departure from the 

classic meaning of Virtual Enterprise; brought about as a necessary response to the current economic 

realities and enabled by the sensing properties of the GSVBE members and the GSVEs they participate in.  

In addition, under a ‘knowledge management’ perspective (cf. GSVE inheritance - Karvonen et al. (2007)), 

the debriefing and storing of ‘lessons learned’ in various forms (such as e.g. reference model repositories 

to accelerate future virtual enterprises creation) (Loss, et al., 2006b) is significantly facilitated by                           

the intelligence and extroversion of the GSVEs’ sensing capabilities, which will decide on the meaning of 

the events in its life and what is significant enough to be shared with the GSVBE network (see Fig. 36) 

(Romero & Noran, 2017). 

 

 

 



6.10. Green Virtual Enterprise Breeding Environment Toolkit Systematization 

 

Using the modelling formalisms known as a ‘chocolate bar diagram’ proposed by GERAM (IFIP-IFAC 

Architectures for Enterprise Integration, 2003), Fig. 37 to Fig. 40 represent the different stages (lifecycle 

history) that a GVBE can go through during its life from its creation to operation, passing through its 

evolution, and possible metamorphosis, to finally its dissolution. These figures represent significant entities 

of various kinds: some are ‘permanent’ entities (such as green enterprises, or the GVBE itself) and some 

have a shorter lifespan (which includes GVEs but also entities of temporary existence, such as projects). 

Finally, the figures also illustrate that the entire endeavour of creating GVBEs and GVEs relies on                         

the creation and use of Reference Models. To differentiate the ‘chocolate bars’ 43 that represent entities 

from those that only represent reference models, notice that only real entities have an operation phase.    

 

Each Figure aims to depict and systematize at a high-level all the different entities, represented as chocolate 

bars, and their lifecycle phases (viz. identification, concept, requirements, preliminary design, detailed 

design, implementation, operation and decommission) involved in a specific GVBE lifecycle stage. 

Furthermore, arrows represent the contribution of each entity type to the lifecycle phases (activities) of 

other entities. 

 

Fig. 37 introduces a (generic) GVBE creation lifecycle stage (or life history stage) where the GVBE 

initiators (founding members) enterprise entity type creates a GVBE creation project entity type to which 

also will contribute to its operation as a GVBE member(s) or support institution(s) enterprise entity type or 

in any further GVBE actor role/entity type (e.g. GVBE manager/administrator, GVE support provider               

(i.e. broker, planner and/or coordinator), GVBE support provider (i.e. ontology and/or service provider), 

GVBE advisor, etc.)).  

 

The ‘GVBE initiators’ enterprise entity makes use of reference models (general and partial) to reduce                

the effort and time to be invested in the identification, conceptualization, requirements and preliminary 

design lifecycle phases of the GVBE creation project, by means of an instantiation process of such models, 

to create particular models. In this way, GVBE initiators could progress faster towards the detailed design 

and implementation lifecycle phases of a GVBE enterprise entity, which can be supported by other 

enterprise entities such as the GVBE ICT-infrastructure (i.e. systems and tools), to finally trigger its 

operation lifecycle phase, which will decommission the GVBE creation project entity and launch a GVBE 

operation project entity.   

 

Fig. 38 moves forward to introduce a (generic) GVBE operation lifecycle stage (or life history stage) where 

the GVBE enterprise entity is in its operation lifecycle phase and a GVBE operation project entity is 

operating and creating different sub-projects, creating entities related to the GVBE actors management, 

GVEs creation management, GVEs management, GVBE general management and GVBE horizontal 

management. Such sub-projects are also supported by different reference models to reduce the effort and 

time to implement and operate them; some detailed designed during the GVBE creation lifecycle stage and 

now being implemented, activated or applied. 

 

                                                           
43 The term ‘chocolate bar’ refers to the shape that represents the lifecycle of an entity – the left hand side representing the mission 

delivery and the right hand side the management and control of that entity, whereupon the rows correspond to life cycle levels 

(from the top: identification, concept, requirements, architectural design, detailed design, build, operation and decommissioning). 

The reader needs to imagine that the details of each small square in this chocolate bar stands for a potentially complex set of 

models, including functional/information/decisional/resource/organizational and economic viewpoints, and each including 

endogenous and exogenous elements as necessary. On these figures, these dimensions are ‘curled-up’ so to speak. There are two 

types of arrows in these diagrams: thin arrows that originate in the operation of an entity (showing the task of the entity v.r.t               

its contribution to the life cycle of another entity), and thick arrows that merely show that a reference model is being used                        

to create the model of a particular entity. 



Furthermore, beyond the GVBE itself, management sub-projects and activities during the GVBE operation 

project, the different GVBE actors will start playing their different roles (e.g. GVEs brokers, planners/ 

coordinators and/or partners), being highlighted as the creation and management of F-GVEs and R-GVEs 

enterprise entities and the creation and management of the GVBE bag of assets, which, similar to other 

created GVBE entities will be supported by different reference models to reduce the effort and time to 

create and operate them. 

 

Fig. 39 shows the potential GVBE evolution and metamorphosis lifecycle stages. Either GVBE lifecycle 

stages (or life history stages) represent the potential creation of a GVBE evolution or a GVBE 

metamorphosis project in time, depending on how profound could be the needed change to the GVBE 

strategic intent due to an endogenous or exogenous event. For the case of a GVBE evolution project,                   

the use of maturity models as reference models is highlighted, while for a GVBE metamorphosis project it 

is recommend to go back to those reference models used initially for supporting the GVBE creation project.   

Fig. 40 presents the GVBE dissolution lifecycle stage, which will be the responsible to ceasing the existence 

of the GVBE through creating and launching a GVBE dissolution project responsible to conduct the closing 

activities.   



 
Fig. 37. GVBE Creation Lifecycle Stage: Systematization & Supporting Reference Models Mapping 
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Fig. 38. GVBE Operation Lifecycle Stage: Systematization & Supporting Reference Models Mapping 
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Fig. 39. GVBE Evolution/Metamorphosis Lifecycle Stage: Systematization & Supporting Reference Models Mapping 
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Fig. 40. GVBE Dissolution Lifecycle Stage: Systematization & Supporting Reference Models Mapping 
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7. Green Virtual Enterprise Breeding Environment Toolkit Validation 44 

 

This Section conducts a basic completeness check - and therefore design validation - for the proposed 

GVBE toolkit to successfully support the creation and management of a Green Virtual Enterprises Breeding 

Environment. The validation approach has been based on the mapping of the set of reference concepts, 

models, frameworks, methods, and systems and tools proposed as part of the GVBE toolkit (see Section 6) 

against the Sustainable Engineering principles (Gagnon, et al., 2008), Circular Economy principles (Ellen 

MacArthur Foundation, 2012), Systems of Systems Engineering principles (Keating & Katina, 2012) 

(Katina, et al., 2014), and the Viable System Model sub-systems functions requirements (Beer, 1985) to 

guarantee at ‘preliminary design level’ the viability and sustainability of a GVBE and its GVEs (Romero 

& Noran, 2015). 

 

7.1. Green Virtual Enterprise Breeding Environment Systems of Systems Engineering Principles 
 

Collaborative Networked Organisations (CNOs) can be considered complex systems of systems (SoS) (Bilal, 

et al., 2014) that emerge in many organisational forms in various domains and application environments 

demanding proficiencies beyond those of any individual organisation. The study of CNOs typically requires 

the contribution of several disciplines towards conceiving reference frameworks and methodologies for their 

sustainable creation, operation and evolution, possible metamorphosis and in some cases required correct 

dissolution (Afsarmanesh & Camarinha-Matos, 2005) (Romero & Noran, 2015). 
 

Systems of Systems Engineering (SoSE) continues to emerge as a multidisciplinary field to address complex 

problems in diverse domains, including sustainability with its five main areas: Environmental, Socio-Cultural, 

Technological, Economics, and Public Policy, as described by the Joslyn Institute for Sustainable Communities 

(Romero & Noran, 2015). 
 

This section is focus on the engineering of sustainability as a property of two types of collaborative 

organisational systems:  (a) Virtual Enterprises (VEs) seen as short-term and goal-oriented networks, tailored 

within a so-called ‘breeding environment’ for responding to a particular collaboration (business) opportunity, 

and (b) Virtual Enterprise Breeding Environments (VBEs) as  long-term supporting networks for dynamic VEs 

creation (Camarinha-Matos & Afsarmanesh, 2006) (Romero & Molina, 2010) (Romero & Molina, 2011b) 

(Romero & Noran, 2015). 
  

Note that, from a SoSE perspective, a VBE represents a system consisting of several other systems represented 

by the VBE members (also known as VE partners), that is a ‘meta-system’ for a set of systems created with its 

support (namely the VEs) (Romero & Molina, 2012) (Bilal, et al., 2014) (Romero & Noran, 2015). 
 

The concept of sustainability takes a twofold meaning in this section: on one hand it represents the capability 

to endure over time so as to continue to provide the capabilities and outcomes consisted with the assigned 

mission or purpose (Katina, et al., 2014) on the other hand, it is the capability to create and maintain                          

the conditions under which industrial and natural systems can exist in productive harmony, allowing                    

the fulfilment of economic prosperity, environmental quality and social equity for present and future 

generations (Adapted from (United State Environmental Protection Agency, n.d.)) (Romero & Noran, 2015). 
 

 

 

 

 

 

 

 

                                                           
44 This section is based on (Romero & Noran, 2015), a refereed article published by the author during candidature. 



The aim of this section is to engineer sustainability - in its dual meaning hereby defined - for VEs and their 

VBEs in order to support the transition of industrial systems to the so-called Circular Economy (Romero & 

Molina, 2012) (Noran & Romero, 2014); this should enable them to act in productive harmony and with 

restorative purposes with the ecosphere so that their   existence can allow the creation of virtuous business 

value cycles and help restore natural capital (Romero & Noran, 2015). 
 

In other words, this research explores a SoSE-based approach to engineer sustainable and viable industrial 

systems towards achieving an industrial ecology, i.e. the harmonious co-existence of industrial and natural 

ecosystems (Romero & Noran, 2015). 
 

7.1.1. Systems of Systems Engineering and Collaborative Networked Organisations 
 

SoSE aims towards the coordination and integration of multiple complex systems while ensuring                           

the sustainability of the newly created system of systems as well as the continuing viability of the constituent 

systems (Katina, et al., 2014). However, ensuring the system of systems capability to endure in time and 

perform within certain economic prosperity, environmental quality and social equity levels requires a special 

SoSE approach. I propose an approach driven by Gagnon, et al.’s (2008) Sustainable Engineering Principles 

(see Table 25), in addition to complying with the foundations set by Beer’s Viable System Model (VSM)              

sub-system functions: productive, coordination, operations (including monitoring), development (including 

learning and transformation), and identity (Beer, 1985) (Keating & Katina, 2012) (Romero & Noran, 2015). 

 

Table 25 – Sustainable Engineering Principles (Gagnon, et al., 2008) (Romero & Noran, 2015) 

E
co

n
o
m

y
  Include consumption and production goods and services into technical and natural cycles. 

 Support innovation to ensure continuous production quality of goods and services. 

 Maximise the impacts of projects on the labour market and on the quality of jobs. 

 Verify that the total benefits generated exceed total cost over the whole of a project’s lifecycle. 

E
n
v
ir

o
n
m

en
t 

 Preserve biodiversity considering the potential impacts of a project all over its lifecycle. 

 Keep the impacts of projects within the affected ecosystems’ carrying capacity. 

 Limit or avoid the use of non-renewable resources during a project’s lifecycle. 

 Spread information on the impacts to increase awareness and responsibility. 

S
o
ci

et
y
  Contribute towards a safe and healthy environment along all phases of a project’s lifecycle. 

 Help customers discriminate needs from longings so they can truly increase their wellbeing. 

 Ensure that projects contribute towards development of involved people and communities. 

 Distribute the benefits and costs resulting from a project in a fair manner. 

R
el

at
io

n
s 

 Enforce the precaution principle when a project may cause severe social or environmental harm. 

 Seek for involvement from stakeholders and other professionals to find holistic solutions. 

 Identify, evaluate and internalise externalities when the context makes it possible. 

 

A CNO is a network consisting of a variety of organisations and their related support institutions that are largely 

autonomous, geographically distributed, and heterogeneous in term of their operating environment, culture, 

social capital and goals. These organisations collaborate to achieve common and compatible goals thus jointly 

generating new value (Camarinha-Matos & Afsarmanesh, 2005) (Camarinha-Matos & Afsarmanesh, 2006). 

This definition of CNOs allows them to be engineered as systems of systems (SoS) complying with the seven 

essential characteristics required, namely: diversity, operational independence, geographic distribution, 

managerial independence, evolutionary development, emergent behaviour and connectivity - correspondingly 

(Maier, 1998) (Stevens Institute of Technology, 2006) (Bilal, et al., 2014) (Romero & Noran, 2015). 

 



SoS and CNOs lifecycles pose strong similarities: (a) in the VBE case: the SoS assembling or creation stage 

corresponds to VBE planning, incubation and members recruitment according to core-competencies and 

capabilities; The SoS connectivity (operation stage) corresponds to the start of the VBE and its members’ 

cooperation by sharing information, resources and responsibilities to jointly plan, implement and evaluate a 

program of activities for working together; SoS evolution (evolution and metamorphosis stages) corresponds                 

to the VBE adapting to internal and/or external factors to maintain its sustainability; and finally,                                   

the SoS dissolution stage corresponds to the VBE ceasing to exist and storing or transferring its accumulated 

knowledge to other VBEs to enhance their sustainability (Romero & Molina, 2009a) (Bilal, et al., 2014).                            

(b) in the VE case: the SoS assembling or creation stage corresponds to a sub-set of VBE members starting 

their preparation to participate in a VE as partners, including the collaboration (business) opportunity 

identification and characterisation, VE structure planning, VE partners’ search, suggestion, negotiation and 

selection, and VE composition. The SoS connectivity (operation stage) corresponds to the VE consortia                

set-up and to VE partners starting to execute their join plan of activities. The SoS evolution stage corresponds   

here to the adaptation of the initial VE plan of activities by rescheduling and/or reconfiguration in order to 

follow as close as possible the original plan objectives; finally, the SoS dissolution stage corresponds to                     

the VE ceasing to exist and sending feedback towards its parent VBE in order to enhance the network 

knowledge and thus future VEs sustainability (Romero & Molina, 2009a) (Bilal, et al., 2014) (Romero & 

Noran, 2015). 

 

7.1.2. The Three Interrelated Pillars of Sustainability in Collaborative Networked Organisations 

Operations: Green Virtual Enterprise Breeding Environments 

 

Ensuring CNO sustainability requires it to be economically prosperous, environmental friendly and socially 

equitable – thus, a threefold interrelated challenge. From the point of view of SoSE, these three CNO                   

sub-challenges are the nature of the SoS (the economic industrial system - technosphere), the landscape of              

the SoS (the environment or natural ecosystem - ecosphere), and the variety in perspectives of the SoS                        

(the society ecosystem - humansphere) (Adapted from (Katina, et al., 2014)) (Romero & Noran, 2015). 

 

Thus, creating a sustainable CNO SoS (in other words ensuring its specific unique green45 characteristics), 

involves its engineering according to Sustainable Engineering Principles as a basic requirement.                           

This approach can be enriched (‘greened’) with other sustainable principles such as Circular Economy (see 

Table 26) (Ellen MacArthur Foundation, 2012). For example, Romero & Molina (2011b) have developed a 

Green Virtual Enterprise  Breeding Environment (GVBE) Reference Framework as a common architectural 

framework (AF) offering a clearly defined approach for conceiving sustainable, flexible and dynamic forward 

(Romero & Molina, 2014a) and reverse (Romero & Molina, 2013) supply networks within a breeding 

environment (Romero & Molina, 2010) and offering the necessary ‘circular’ conditions (Romero & Molina, 

2012) to efficiently promote the sharing, re-use and recycling of resources such as information, material, water, 

energy and/or infrastructure (services), based on a set of five building blocks: targets, main actors, operating 

principles, lifecycle support and enabling technologies (Romero & Noran, 2015). 

 

 

 

 

 

 

 

 

 

                                                           
45 Green is used as synonym of sustainable (triple-top line (Tueth, 2010)). 



Table 26 – Circular Economy Founding Principles (Ellen MacArthur Foundation, 2012)                            

(Romero & Noran, 2015) 

Circular Economy Founding Principles 

 Waste is food - Eliminate/Reduce waste by cascades and reverse cycles, and cross-cycle/cross-sector 

collaboration.  

 Diversity is strength - Connections and scales are more ‘resilient’ in the face of internal and/or external 

shocks, than systems built just for efficiency. 

 Energy must come from renewable sources - ‘Current sunshine’. 

 Prices must tell the truth - Reflecting the real cost of goods and services (environmental, social and 

economic impacts or footprints).  

 Systems Thinking - Understand how things influence one another within a whole. 

Circular Economy Encompassing Principles 

 Biomimicry - “innovation inspired by nature”. 

 Industrial Ecology - “closed-loop processes in which waste is seen as input for another process”. 

 Cradle to Cradle - “industrial systems must protect and enrich natural ecosystems (regenerative)”.   

 Blue Economy (Manifesto) - “using the resources available in cascading systems, the waste of                         

one product becomes the input to create a new cash flow”. 

 

The landscape of the CNO seen as a SoS involves all possible interactions with its surrounding and extended 

environments, thus including the ecosphere, humansphere, and other technospheres (i.e. other CNOs).                

The engineering of GVBE as a sustainable industrial system (a green technosphere) to be integrated in a 

sustainable way into the natural ecosystem and the society (ecosphere + humansphere) requires sustainable 

interoperation with all relevant exogenous entities. In this sense, Sousa-Poza, et al., (2008) depict a problem 

landscape that must be dealt with when engineering a sustainable SoS. A first component is the holistic 

character of the problem space; since GVEs and their breeding environments exist beyond their technosphere, 

decisions taken during their operations must also contemplate human/social, managerial, organisational, policy 

and political issues. The next component, ambiguity, requires GVBEs to be is regulated open, but controlled-

border associations of green enterprises, featuring clear policies of member recruiting and development strategy 

in order to keep the breeding environment economically prosperous, environmental friendly and socially 

equitable according to is goals and mission. The uncertainty component of the problem landscape defined by 

Sousa-Poza, et al., (2008) requires continued resolution as accumulated knowledge enhances understanding. In 

this sense, one of the key business processes of GVE and GVBE sustainable management must be ‘inheritance 

management’ (Karvonen, et al., 2010), aiming to retrieve relevant information from past GVEs and GVBEs 

and create and follow a best practice to improve performance and chances of survival in the case of turbulent 

market conditions. The highly contextual feature of the problem landscape requires acknowledgement that 

GVEs and their breeding environments operate within the market and society, so they need to be display self-

awareness and environmental awareness capabilities (Noran, et al., 2014) in order to cope with the dynamic 

and sometimes turbulent market conditions and decide opportunely when to is time to go forward with its next 

lifecycle stage being an evolution or a metamorphosis. Emergence - i.e. GVEs and their breeding environments 

evolution or metamorphosis lifecycle stages imply a partial or full adaption correspondingly of existing 

capabilities and capacities, the creation of new ones, or even the cease of some of them to support both long- 

and short-term networks sustainability and therefore the reaching of their goals (Ivanov, et al., 2006)]. Non-

ergodicity - i.e. GVEs and their breeding environments sustainable performance will always depend on a 

continuous improvement cycle driven by internal and/or external factors. Non-monotonicity - i.e. implying the 

GVBEs as long-term strategic networks, and in some cases the GVEs, will go during their lifecycle through 

one or more evolution stages or even metamorphosis stages to keep sustainable the network (Romero & Noran, 

2015).                          

 

 

 



The variety in SoS perspectives of different stakeholders mentioned by Katina, et al., (2014) applies to                   

the CNO seen as an SoS as well, because GVEs and their breeding environments may influence and                         

be influenced [a] by customers, competitors, external institutions, potential new members/partners, etc. in                  

the technosphere, [b] by nature events in the ecosphere, and [c] by the society in the humansphere.                                     

In this context, the ARCON reference model and modelling framework for CNOs (Camarinha-Matos & 

Afsarmanesh, 2006) suggests four modelling dimensions to better characterise the interactions between a CNO 

and its external entities in the technosphere and humansphere: market dimension - covering interactions with 

customers, potential customers and competitors; support dimension - related to support services provided third 

party institutions; societal dimension - capturing all the issues related to the interactions with the society in 

general; and constituency dimension - focusing on the interactions with the universe of potential new members 

of the CNO. A fifth dimension is suggested aimed to also consider the ecosphere, tentatively named 

environmental dimension - addressing environmental-friendly interactions of the CNO with the natural 

ecosystem: water, air, sunlight, soil, plants, microorganisms, insects, and animals (Romero & Noran, 2015). 

      

7.1.3. Sustainability as Enduring Construct for Collaborative Networked Organisations Lifecycle: 

Green Virtual Enterprise Breeding Environments 

 

The capability of a CNO seen as a SoS to endure requires significant considerations of context and deliberate 

planning. A possible avenue to SoS design for sustainability is the use of a ‘meta-system’. According to 

Krippendorff (1986), Reza, et al., (2012) and Katina, et al., (2014) - a ‘meta-system’ is a governing structure 

that provides coordination and integration of systems, articulating the functions that must be performed in order 

to enable the sustainability of a SoS while ensuring the viability of constituent systems, thus proving 

mechanisms for ensuring articulated functions (and thus maintaining collaboration performance)                  

(Westphal, et al., 2007) and means for improving poorly performing mechanisms (Camarinha-Matos & Abreu, 

2005). A GVBE is an association of green enterprises and their related support institutions, adhering to a base 

long-term cooperation agreement, and adoption of common operating principles, interoperable infrastructures, 

ontologies, and mutual trust with the objective of preparing its constituent members to collaborate in potential 

GVEs (Romero & Molina, 2010). Hence, a GVBE can be seen as a ‘meta-system’ proving a governance 

structure (Romero, et al., 2007) for a set of  systems belonging to it (i.e. the GVBE members) and for other 

systems created with its support (i.e. the GVEs and their partners) (Rabelo, et al., 2014) (Romero & Noran, 

2015). 

 

In order to engineer a sustainable CNO as ‘meta-system’, this research work has looked into the work of                           

Beer (1985), Keating & Katina (2012) and Katina, et al., (2014) on the VSM as a cogent starting point for               

the engineering of sustainable GVBEs and sustainable and viable GVBE members that can join and stay as 

part of the breeding environment to collaborate successfully but at the same remain successful as individuals 

(Romero & Noran, 2015). 

 

As stated before, VSM foundation rests in five sub-systems: productive, coordination, operations (including 

monitoring), development (including learning & transformation) and identity. These sub-systems perform               

a unique and vital set of functions that supports (according to Beer (1985) & Katina, et al., (2014))                                   

(a) the continued existence of the system, and (b) the system’s ability to maintain desirable levels of 

performance in the wake of environmental flux (Romero & Noran, 2015). 

 

Table 27 & Table 28 provide a summary of the VSM functions applied to the engineering of a sustainable 

GVBE as an SoS based on the work of Beer (1985), Keating & Katina (2012) and Katina, et al., (2014).                       

 

In particular, Table 27 focuses on the characterisation and definition of Beer’s VSM sub-systems and their 

functions by Keating & Katina (2012), and specialises these concepts for the GVBE case (Romero & Noran, 

2015). 

 



Table 27 – GVBE’s VSM Sub-systems and their Functions (Romero & Noran, 2015) 

 VSM Function \ Primary Objectives 
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“Produce system products and services to agree upon standards and performance levels within allocated 

resources (from Sub-system 3)” (Katina, et al., 2014). 

 A GVBE continuously develops a ‘management framework’, defined as a set of processes, systems and 

tools used by its stakeholders during its lifecycle to ensure that the breeding environment can fulfil all 

activities and tasks required to achieve its objectives (Afsarmanesh & Camarinha-Matos, 2005) (Romero 

& Molina, 2009b)  (Romero & Molina, 2009a) (from Sub-system 3).  

 A GVBE supports the fluid configuration of GVEs towards arisen collaboration (green business) 

opportunities according to its strategic, marketing and brokerage plans, conducting a bundle of activities 

aiming to enable alignment between the breeding environment’s aspirations, the network internal core-

competencies and resources and the external market, society and environmental settings (Romero & 

Molina, 2009b)  (Romero & Molina, 2009a) (Sturm, et al., 2004). 

“Provide direct interface to the local (e.g. customer) system environment” (Katina, et al., 2014). 

 A GVBE provides direct interfaces to its stakeholders (internally) and interlocutors (externally) through 

a variety of roles assumed by different GVBE actors and systems/tools (Afsarmanesh & Camarinha-

Matos, 2005) (Rabelo & Gusmeroli, 2008) (Romero & Molina, 2009b)  (Romero & Molina, 2009a) 

(Romero & Molina, 2011b). Thus, GVBE actors’ roles are: (i) GVBE support providers: administrator/ 

manager, advisor (advisory board), support institution, common tools/services and common ontology 

providers, public, etc. and (ii) GVE support providers: opportunity broker, GVE planner/business 

integrator, and GVE coordinator. Examples of GVBE management systems and tools are the GVBE 

management framework, the GVE creation framework, and the GVE management framework. 

“Operate autonomously to execute system work within agreed upon integration of parameters” (Katina, et 

al., 2014). 

 All autonomous and collaborative GVBE actors’ operations are based on a set of identified and assigned 

roles with their corresponding rights and responsibilities, based on a shared and agreed governance model 

including principles, operational rules and bylaws (Romero, et al., 2007) (Rabelo, et al., 2014). 

“Interface with Sub-system 2 for coordination with a larger system” (Katina, et al., 2014). 

 The GVBE interface with Sub-system 2 for coordination is conducted through the GVBE established 

actors’ roles, right and responsibilities, supported by the GVBE management systems/tools and 

governance model.  
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“Maintain coordination among productive units (Sub-system 3)” (Katina, et al., 2014). 

 At a breeding environment level, the GVBE administrator/manager is the actor responsible for                        

the promotion of cooperation among the GVBE members. At the GVE level, the GVE coordinator is         

the actor responsible for the collaboration performance of the GVE partners (Afsarmanesh & Camarinha-

Matos, 2005) (Westphal, et al., 2007). 

“Promote system efficiency by identifying unnecessary or redundant resources in use across productive 

units (Sub-system 1s)” (Katina, et al., 2014). 

 The GVBE administrator/manager and the GVE coordinator are responsible for filling the competency 

and/or resources gap in the breeding environment and the virtual enterprises respectively (Afsarmanesh 

& Camarinha-Matos, 2005). Furthermore, the GVBE administrator/ manager will strategize towards 

optimising the use of resources, closing material loops and minimising emissions; dematerialising 

activities, reducing and eliminating the dependence on non-renewable sources of energy (Romero & 

Molina, 2010) (Romero & Molina, 2011b) (Romero & Molina, 2012). 

“Identify system integration issues for system resolution” (Katina, et al., 2014). 

 GVBE support providers will contribute towards an advanced collaborative infrastructure enabling 

participants to collaborate and negotiate, systems and services to execute and adapt, knowledge                   

and information to be exchanged and retrieved, and resources to be discovered and shared (Rabelo & 

Gusmeroli, 2008). 

“Identify and manage emergent conflict between Subsystem 1s” (Katina, et al., 2014). 

 Conflicts management within a GVBE or a GVE will follow the breeding environment and virtual 

enterprise policies for conflict resolution according to the governance model and the bylaws established 

(Romero, et al., 2007) (Rabelo, et al., 2014). 
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“Operational planning and control for on-going system performance” (Katina, et al., 2014). 

 GVBE’s operations are planned and controlled by a performance management system aimed                         

at planning workload and continuously monitoring the breeding environment as a whole and its 

members’ performance by evolving the capacity to execute regular performance reviews and reward 

good performance (Camarinha-Matos & Abreu, 2005) (Romero & Molina, 2009b)  (Romero & Molina, 

2009a). Furthermore, GVEs have an execution management system aimed at monitoring the GVE and 

its partners’ performance by tracking on-going activities (Graser, et al., 2005) (Ollus, et al., 2007) 

(Westphal, et al., 2007) (Romero & Molina, 2009b).  

“Operational response to inputs from other sub-systems” (Katina, et al., 2014). 

 GVBE’s response to any internal and/or external factor is typically supported by a decision support 

system (DSS) that may recommend and support entering an evolution/metamorphosis stage to maintain 

its performance and goals, or extend its existence (survivability) (Romero & Molina, 2009b). GVE’s 

response is supported by an exceptions management system that will assist in its evolution by helping in 

task re-scheduling, partner(s) substitution, activities and resources re-allocation and  risk and budget 

management (Ollus, et al., 2007) (Hodík, et al., 2007) (Hodík & Stach, 2008) (Romero & Molina, 2009b).   

“Interpret and implement policies and directions from Sub-system 5” (Katina, et al., 2014). 

 For any GVE or breeding environment lifecycle stage change, its strategic management process,                

led by the GVE coordinator or the GVBE administrator/manager respectively, will formulate a strategy 

to enable the alignment between the GVBE actors’ interest, their internal core-competencies and 

resources, and the external market, society and environmental landscapes (Romero & Molina, 2009b). 

The strategy formulation process will be governed by GVBE governance rules and bylaws (Romero, et 

al., 2007) (Rabelo, et al., 2014). 

“Interface with Sub-system 4 to re-design operations in response and anticipation of identified 

environmental shifts” (Katina, et al., 2014). 

 GVEs and its breeding environment will use evolution and metamorphosis to adapt to internal and/or 

external fluctuations in order to maintain sustainable performance. 

“Negotiate resource, performance accountability, and reporting expectations for Subsystem 1s” (Katina, 

et al., 2014). 

 GVEs and their breeding environment are supported by a financial, accounting and resources 

management system  (Romero, et al., 2007), as well as by a negotiation support system (Olivera & 

Camarinha-Matos, 2013) that ensures the effective, efficient, and equitable use of resources in accordance 

with the policies and legal mandate of the GVBE governance structure (Romero, et al., 2007) (Rabelo, et 

al., 2014). 
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“Monitor sub-system and system level performance” (Katina, et al., 2014). 

 GVBE performance management system should monitor whether progress is being made towards                 

the desired goals and whether activities are performed efficiently, and identify problems that may require 

additional efforts or attention. By measuring, monitoring and rating performance, a GVBE is capable             

to identify bottlenecks and weak links in the breeding environment and its members and act accordingly 

to improve the support network and its constituents’ performance (Camarinha-Matos & Abreu, 2005) 

(Romero & Molina, 2009b)  (Romero & Molina, 2009a). Similarly, GVEs execution management 

system aims to monitor the GVE and its partners’ performance and provide alerts on possible 

inconsistencies or lack of performance in order to prevent exceptions or in case that an exception occurs, 

to move to a GVE evolution stage  (Graser, et al., 2005) (Ollus, et al., 2007) (Romero & Molina, 2009b).  

“Identify and analyse deviant performance, unexpected (crises), and operational conditions and trends” 

(Katina, et al., 2014). 

 GVBE performance monitoring aims to discover potential missing competences and resources in                

the breeding environment by comparing its current capabilities and capacity with the future strategy,               

and to identify potential lack of suitable performance in the GVBE actors (Romero & Molina, 2009b).              

In the case of GVEs, monitoring, warning and alerting aim to proactively prevent GVE failure to deliver 

according to the quality-, time- and cost-frame agreed with the customer by taking timely corrective 

actions  (Ollus, et al., 2007) (Romero & Molina, 2009b).  
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“Foster strategic system learning, development, and transformation” (Katina, et al., 2014). 

 GVEs and their breeding environment employ ‘inheritance management’ methods (process- or 

documentation-based (Loss, et al., 2006a)) for retrieving and gathering information, knowledge                   

and experience from different sources, in order to ensure the sustainability of the support network and 

future VEs  (Romero & Molina, 2009b) (Karvonen, et al., 2010)).   

“Maintain environmental scanning, analysis, and interpretation” (Katina, et al., 2014). 

 As part of their strategic and performance management processes and collaboration opportunities 

identification process respectively, the GVBE administrator/manager and the opportunity brokers 

continuously scan the environment, the GVBE and its members’ capabilities, adjusting the strategic 

direction of the breeding environment competency requirements according to the emerging and 

upcoming market opportunities (Romero & Molina, 2009b). 

“Maintain models of the environment, entire system, and future” (Katina, et al., 2014). 

 A GVBE possess a ‘bag of assets’ management system (a kind of content and/or knowledge management 

system), which serves as a (virtual) warehouse of shareable knowledge, lessons learned and other tangible 

and intangible assets relevant for the GVEs and breeding environment strategic management (Romero 

& Molina, 2009b).  

”Interface with sub-systems concerning system implications stemming from environmental scanning 

results” (Katina, et al., 2014). 

 The GVBE administrator/manager and its advisory board, according to the breeding environment 

governance rules and bylaws (Romero, et al., 2007) (Rabelo, et al., 2014), will take the required actions 

to improve the support network and GVEs’ performance by means of e.g. new operational and control 

management approaches; recruitment, assessment, and selection of new GVBE members; re-definition 

and assessment of GVBE actors’ roles, etc. (Romero & Molina, 2009b). 

“Disseminate essential environmental intelligence information throughout the system for potential action” 

(Katina, et al., 2014). 

 The GVBE administrator/manager and management systems serve as an information centre (e.g. 

dashboard) for the GVBE. 
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in the system environment” (Katina, et al., 2014). 

 GVEs and their breeding environment learning and transformation processes are mainly guided and 

supported, but not limited, to the GVBE strategic, performance and inheritance management systems  

(Loss, et al., 2006a) (Ollus, et al., 2007)  (Romero & Molina, 2009b)  (Karvonen, et al., 2010).   

“Guide system transformation strategy development and implementation” (Katina, et al., 2014). 

 GVEs and their breeding environment transition to an evolution or metamorphosis lifecycle stage                   

will be guided according to the established governance rules and bylaws (Romero, et al., 2007) (Rabelo, 

et al., 2014), and supported by the GVBE strategic management system and GVE exceptions management 

system  (Ollus, et al., 2007)  (Hodík, et al., 2007) (Hodík & Stach, 2008) (Romero & Molina, 2009b).     
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“Maintain and propagate system identity” (Katina, et al., 2014). 

 GVEs and its breeding environment identity will be sustained and disseminated internally by means of 

actors’ corresponding roles, rights and responsibilities propagation, and externally through the GVBE 

strategic, marketing and brokerage actions (Romero & Molina, 2009b) (Romero & Molina, 2009a) 

(Sturm, et al., 2004). 

“Define and clarify the system vision, purpose, mission, values and their consistent interpretation” (Katina, 

et al., 2014). 

 GVEs and their breeding environment definition of vision, purpose, mission and values will be guided 

according to the established governance rules and bylaws (Romero, et al., 2007) (Rabelo, et al., 2014), 

and supported by the GVBE strategic and value system - management systems (Romero & Molina, 

2009b)  (Romero & Molina, 2009a). 

“Balance focus between present (Sub-system 3) and future (Subsystem 4) needs and priorities” (Katina, et 

al., 2014). 

 

… 

 

 



 

Table 28 provides the vision of a GVBE as a ‘meta-system’, providing the necessary governance structure 

(Romero, et al., 2007) for its sustainability as an SoS and viability for sets of systems that may belong to it         

(i.e. the GVBE members) and/or emerge from it (i.e. the GVEs) (Rabelo, et al., 2014) (Romero & Noran, 2015). 

 

Table 28 – GVBE’s Meta-system for Governance of SoS (Romero & Noran, 2015) 

 The GVBE administrator/manager and advisory board, and the opportunity brokers and GVEs’ 

planners/integrators, will continuously work in the development (adaption or creation of new) 

appropriate management and control structures, as well as strategies, to allow the GVEs and its breeding 

environment to be twofold sustainable (green and viable) across their lifecycles (Afsarmanesh & 

Camarinha-Matos, 2005) (Ollus, et al., 2007)  (Romero & Molina, 2009a). 

“Establish system policy and strategic direction” (Katina, et al., 2014). 

 As stated, GVEs and their breeding environment policy and strategic direction will be determined by           

the GVBE administrator/ manager and advisory board, together with the opportunity brokers and 

possibly GVEs’ planners/integrators, according to the established governance rules and bylaws (Romero, 

et al., 2007) (Rabelo, et al., 2014). 

“Represent and communicate the system to external entities” (Katina, et al., 2014). 

 GVEs and their breeding environment are represented by all their actors, which have various 

representation and communication rights and responsibilities according to their roles (Afsarmanesh & 

Camarinha-Matos, 2005). Moreover, a GVBE employs strategic, marketing and brokerage management 

systems responsible for sales and communication with external entities (Romero & Molina, 2009b). 

“Process input from other Sub-systems for system implications” (Katina, et al., 2014). 

 Inputs from external systems can come into the GVEs and their breeding environment through, but not 

limited to, new GVBE members and support institutions recruiting, the GVBE strategic management 

process, heritage from other GVBEs, etc. (Romero & Molina, 2009b). 

 VSM Function \ Primary Objectives 
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“Sub-system 1s (productive) represents individual complex systems that must be integrated and 

coordinated to formulate a system of systems, which provides an enhanced capability greater than                   

the sum of the constituent systems” (Katina, et al., 2014). 

 A GVBE aims to offer its members, and to the market and society, a new collaborative and circular 

sustainable industrial development model characterised by economic growth, green jobs creation and 

environmental protection, through the creation of virtuous (viable) business value cycles and 

environmental restorative strategies that are beyond those achievable by a single green enterprise 

(Romero & Molina, 2012). Such virtuous cycles and strategies are brought to business practice through 

the rapid and fluid configuration of GVEs tailored to become dynamic forward supply networks                      

for delivering green products (virgin or used/recovered) to the market (Romero & Molina, 2014a), or 

dynamic reverse supply networks for recovering the products sold under the GVBE brand (product 

stewardship) for service provisioning, product recovery or for safe disposal (Romero & Molina, 2013).  

“Constituent systems exhibit characteristics of systems of systems, operate in the system of systems 

problem landscape, and are subject to divergent perspectives” (Katina, et al., 2014). 

 When a green enterprise becomes a GVBE member, the enterprise must adhere to a cooperation 

agreement and to a collaborative culture compromising an orientation to openness, commitment, 

leadership, trust-building, self-learning, continuous training, long-term and global vision, effective 

communication, knowledge sharing and innovation towards a supportive and positive behaviour to 

enhance the capabilities of others and willingness to adapt for the benefit of all (Romero, et al., 2007) 

(Rabelo, et al., 2014). 
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“Meta-system function 1: a meta-system function in a system of systems to maintain coordination and 

integration among constituent systems” (Katina, et al., 2014). 

 From the GVBE actors’ perspective: (a) the GVBE administrator/ manager is responsible for                       

the breeding environment actors membership and structure management and the promotion of 

cooperation among members and (b) the GVE planner/business integrator is responsible for selecting 

the appropriate set of partners for a GVE (Afsarmanesh & Camarinha-Matos, 2005) (Romero & 

Molina, 2011b). Moreover, from a management framework perspective, the responsible systems and 

tools are (a) within the GVBE management framework (i.e. membership and structure management 

system (Sitek, et al., 2007) and profiling and competency management system (Ermilova & 



 

Afsarmanesh, 2007)), (b) within the GVE creation framework (i.e. collaboration opportunity (CO) 

identification tool (Demšar, et al., 2008), CO characterisation and GVE rough planning tool (Concha, 

et al., 2008), partners search and selection tool (Baldo, et al., 2007), and agreement/contract 

negotiation wizard (Olivera & Camarinha-Matos, 2013)) and (c) within the GVE management 

framework (i.e. GVE initiation management system (Ollus, et al., 2007)). 
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“Meta-system function 2: a meta-system function in a system of systems ensures operational planning 

and control of ongoing systems of systems and constituent system performance” (Katina, et al., 2014). 

 From the GVBE actors’ perspective: (a) the GVBE administrator/ manager is responsible for                     

the breeding environment operation and evolution and (b) the GVE coordinator is responsible for      

the management of the GVE during its lifecycle  (Afsarmanesh & Camarinha-Matos, 2005) (Romero 

& Molina, 2011b). From a management framework perspective, the responsible systems and tools                 

are (a) within the GVBE management framework (i.e. strategic and marketing (Romero & Molina, 

2009b), financial, accounting and resources (Romero & Molina, 2009b), governance  (Romero, et 

al., 2007); bag of assets (Romero & Molina, 2009b), value system (Romero, et al., 2008b), ontology 

(Afsarmanesh & Ermilova, 2007), ICT (Rabelo & Gusmeroli, 2008), trust (Msanjila & Afsarmanesh, 

2007b); performance (Romero & Molina, 2009b), decision support  (Romero & Molina, 2009b), etc.), 

and (b) within the GVE management framework (i.e. GVE execution and delivery  (Ollus, et al., 

2007), GVE exceptions (Hodík, et al., 2007) (Hodík & Stach, 2008) - management systems). 
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“Meta-system function 3: a meta-system function in a system of systems monitors system of systems and 

constituent system performance” (Katina, et al., 2014). 

From the GVBE actors’ perspective: (a) the GVBE administrator/ manager is the responsible for 

assessing the competency  (Ermilova & Afsarmanesh, 2007), trust  (Msanjila & Afsarmanesh, 2007b), 

and performance levels (Romero, et al., 2008b) of a breeding environmental actor; and (b) the GVE 

coordinator for the case of the GVE partners (Afsarmanesh & Camarinha-Matos, 2005) (Romero, et al., 

2009) (Verdecho, et al., 2010) (Romero & Molina, 2011b). Moreover, from a management framework 

perspective, the responsible systems and tools are  (a) within the GVBE management framework (i.e. 

membership and structure (Sitek, et al., 2007), and profiling and competency (Ermilova & 

Afsarmanesh, 2007)), (b) within the GVE creation framework (i.e. partners search and selection tool 

(Baldo, et al., 2007)) and (c) within the GVE management framework (i.e. GVE executing and delivery 

(Ollus, et al., 2007), and  exceptions (Hodík, et al., 2007) (Hodík & Stach, 2008) - management 

systems).         
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“Meta-system function 4: a meta-system function in a system of systems that fosters learning, 

development, and transformation” (Katina, et al., 2014). 

From the GVBE actors’ perspective, the GVBE administrator/ manager and the GVE coordinators are 

those responsible for fostering learning, development, and transformation through strategic, 

performance, inheritance and bag of assets management (Afsarmanesh & Camarinha-Matos, 2005) 

(Karvonen, et al., 2010) (Romero & Molina, 2011b). From a management framework perspective,             

the responsible systems and tools are (a) within the GVBE management framework (i.e. strategic and 

marketing, performance, and bag of assets - management systems (Romero & Molina, 2009b)) and (b) 

within the GVE management framework (i.e. GVE inheritance management system (Karvonen, et al., 

2010)). 
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impacts, and derives learning implications for trends, events, and patterns occurring in the systems 

environment” (Katina, et al., 2014). 

From the GVBE actors’ perspective: the GVBE administrator/manager and the advisory board,                  

the opportunity brokers, and the GVE planners/business integrators are those responsible for 

strategizing corrective actions or future directions for the breeding environment. Moreover,                    

from a management framework perspective, the responsible systems and tools are: (a) within                   

the GVBE management framework (i.e. strategic and marketing, performance, and decision support - 

management systems (Romero & Molina, 2009b)), and (b) within the GVE management framework 

(i.e. GVE inheritance management system (Karvonen, et al., 2010)). 
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“Meta-system function 6: a meta-system function that maintains and propagates systems of systems 

identity” (Katina, et al., 2014). 

 From the GVBE actors’ perspective, all internal and external communications and information 

exchange will take place according to the GVBE governance structure (Romero, et al., 2007) (Rabelo, 

et al., 2014). From a management framework perspective, the responsible systems and tools are (a) 

within GVBE management framework (i.e. membership and structure (Sitek, et al., 2007), strategic 

and marketing, governance, and bag of assets - management systems (Romero & Molina, 2009b)) 

and (b) within the GVE management framework (i.e. GVE inheritance management system 

(Karvonen, et al., 2010)). 



8. Conclusions & Further Research 

 

This thesis was motivated by the need for developing greener enterprises, greener value networks and                   

in general novel sustainable industrial development models well suited to cope with the emerging socio-

economic and environmental challenges of the global industrial landscape (Romero & Molina, 2010). 

 

The thesis explored the synergy between the Collaborative Networked Organisations (CNOs) (Camarinha-

Matos & Afsarmanesh, 2004) (Camarinha-Matos & Afsarmanesh, 2005) and Industrial Ecology (IE)  

(Chertow, 1998) (Chertow, 2000) disciplines to conceptualize and develop a new collaborative and 

sustainable industrial development model named: Green Virtual Enterprise Breeding Environment (GVBE) 

(Romero & Molina, 2010). Such sustainable and collaborative organisational model (Romero & Molina, 

2011b) (Romero & Molina, 2012), the GVBE, will offer its GVBE members (green enterprises),                               

the opportunity to collaboratively optimise resources utility (e.g. through a GVBE bag of assets (Romero, 

et al., 2015)) and create information, materials, water, energy and/or infrastructure (services) closed-loops 

(e.g. through Forwards- (Romero & Molina, 2014a) and Reverse-GVEs (Romero & Molina, 2013) 

creation), while at the same time opening new possibilities to explore green business opportunities in                   

the green, circular and sharing economies that would not be possible, or would incur in a higher cost if 

attempted individually (Romero, et al., 2014) (Romero, et al., 2017). 

 

Promoting and replicating the proposed GVBE model (Romero & Molina, 2011b) (Romero & Molina, 

2012) in the industrial landscape requires a toolkit development to facilitate the creation and management 

of such GVBEs. Therefore, this thesis aimed to architect, develop and systematize a GVBE toolkit 

composed by the essential required set of reference concepts, models, frameworks, methods, and systems 

and tools that could facilitate, by means of an instantiation process of such reference artefacts, the agile 

creation and management of GVBEs. 

 

The GVBE toolkit was architected and developed following GERAM’s lifecycle stages for a new entity 

creation or re-design by identifying is possible reference artefacts from the body of knowledge of CNOs 

and IE scientific disciplines, conceptualized having the principles of Sustainable Engineering (Gagnon, et 

al., 2008) and Circular Economy (Ellen MacArthur Foundation, 2012) in mind, and specified and designed 

towards the compliance of the Systems of Systems Engineering principles (Keating & Katina, 2012) (Katina, 

et al., 2014) and the Viable System Model requirements (Beer, 1985) to guarantee at ‘preliminary design 

level’ the viability and sustainability of the GVBE model proposed (Romero & Noran, 2015). 

 

The proposed GVBE toolkit included the following main reference artefacts (or models): 

 A GVBE Reference Model characterizing the GVBE unique features and highlighting the synergetic 

opportunities between collaboration and sustainability practices (Romero & Molina, 2010) (Romero 

& Molina, 2012) – Section 6.1 – supporting GVBE creation lifecycle stage. 

 A GVBE Reference (Modelling) Framework with five building blocks: (1) targets, (2) actors,                     

(3) operating principles, (3) lifecycles and (5) technologies (systems and tools) to create and manage 

GVEs and their breeding environments – Section 6.2 – supporting GVBE creation and operation 

lifecycle stages. 

 A GVBE Reference Maturity Model with six GVBEs Evolutionary Models (viz. (1) Standard VBE, 

(2) Eco-labelled GVBE, (3) Environmental GVBE, (4) Eco-Efficient GVBE, (5) Industrial 

Symbiosis GVBE and (6) Eco-Industrial GVBE) and their Eco-Industrial Networking Strategies in 

10 domains (viz. materials; energy; transportation; marketing; human resources; I & C Systems; 

Environmental, Health and Safety; Production Processes; Quality of Life and Community; and 

Waste Management) (Romero & Molina, 2014b) – Section 6.3 – supporting GVBE evolution and 

metamorphosis lifecycle stages. 



 A GVBE RESOLVE Strategies Reference Model with six circularity strategies: Restore/Regenerate, 

Sharing, Optimise, Loop, Virtualise, and Exchange (Romero, et al., 2017) – Section 6.4 – supporting 

GVBE operation lifecycle stage. 

 A GVBE Bag of Assets Reference Model with new suggested Circular and Sharing Economies 

business opportunities to be explored (Romero, et al., 2015) – Section 6.5 – supporting GVBE 

operation lifecycle stage. 

 A F-GVE Reference Model (dynamic forward supply network) with sustainable manufacturing, 

logistics and consumption strategies for the particular creation and operation of this type of goal-

oriented collaborative network tailored for offering and delivering green products to the market in   

a sustainable way – Section 6.6 – supporting GVBE operation lifecycle stage. 

 A R-GVE Reference Model (dynamic reverse supply network) with closed-loop networks strategies 

for the particular creation and operation of this type of goal-oriented collaborative network tailored 

for recovering the products sold under the GVBE brand (product stewardship) for direct-use, repair, 

re-manufacture, recycle or safe disposal – Section 6.7 – supporting GVBE operation lifecycle stage. 

 A GVE Broker Reference Model as a vital actor/role for the identification and/or development                     

of new circular and sharing economies within the GVBE and green (collaboration) business 

opportunities within the market/society – Section 6.8 – supporting GVBE operation lifecycle stage. 

 A GSVE Reference Model as an advanced GVE model enabled by the next generation technologies 

corresponding to the Fourth Industrial Revolution or Industry 4.0 – Section 6.9 – supporting GVBEs 

evolution and metamorphosis lifecycle stages.  

  

The proposed GVBE toolkit was successfully validated by means of a minimal completeness check                          

by mapping its reference artefacts against the Viable System Model (VSM) requirements (Beer, 1985)                   

to guarantee at ‘preliminary design level’ the viability and sustainability of a GVBE and its GVEs based   

on the proposed GVBE/GVEs reference models instantiation (Romero & Noran, 2015). Such VSM 

requirements helped to verify that all the unique and vital sub-systems and functions (viz. productive, 

coordination, operations (including monitoring), development (including learning & transformation) and 

identity) of a viable and sustainable GVBE were supported by the proper models, frameworks, methods, 

and systems and tools. 

 

Further research may focus on the continuous enrichment of the GVBE toolkit with new reference artefacts 

(general or partial reference models) and its first validations through full instantiation process to give birth 

a GVBE in the industrial landscape.   

 

It is acknowledged that the proof of any methodology in ultimately in its successful repeated use, and as 

such, the validation of this GVBE toolkit needs to take a next step: after a conceptual-analytical proof of 

validity, it would be necessary to further this research into an action research stage. Action-Research (AR) 

is perhaps the best approach for a next step, because the researcher needs to be aware that there may be 

things he/she does not know he/she does not know. Through AR, such shortcomings may come to surface; 

at the same time, AR can provide direction for further refinement (or any other type of development)                    

to make Green Virtual Enterprises and their breeding environments reality in the future.  
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Abstract. Innovation ecosystems (IE) have increasingly gaining importance 
due to their potential to leverage regional development. In a previous research, 
authors have translated into processes how current IEs have been built or 
emerged. This process-based model can be used for building new or support the 
analysis of existing IEs. In order to evaluate the completeness of this model, 
this paper presents its mapping against the ARCON reference model 
considering that an IE can be seen as special type of Collaborative Network. 
Given the particularities of IEs, this paper also provides some elements of 
reflection that may be taken into account in future ARCON evolutions. 

Keywords: Innovation Ecosystems, Collaborative Networks, Reference Model. 

1   Introduction 

Innovation ecosystems (IE) have been nowadays considered as the most prominent 
driver to be built up and nourished to reap the benefits of innovation. This reflects a 
paradigm shift, whereupon innovation is becoming a centrepiece of a socio-economic 
development model for cities and regions [1]. An IE can be defined as an environment 
and economic development and diffusion model formed by an ecology of actors 
whose goal is to create, store and transfer knowledge, skills and artefacts which define 
new technologies, enable technology development and innovation, made up of inter-
connected institutional entities (e.g. industry, academia and government) participating 
in the IE, bound together by social interactions and culture [2] [3]. 

Building an IE is a more complex task compared to other environments  that are 
typically less open and more controlled, like incubators, technology and science 
parks, innovation habitats and centres, or virtual organisation breeding environments 
(VBE) [5] [6]. When seen as a whole, this organic task comprises different and 
independent but interrelated activities that must be performed carefully considering 
different tangible and intangible matters. Such activities (being implicit or deliberate, 
emergent or planned, static or evolving, loosely or tightly managed) span the IE’s life 
through all stages of its evolution [7]. 

An analysis of literature reveals no consensus about the required lifecycle phases, 
involved processes, their recommended sequence or stages of evolution; nor is 
literature definitive about the actors and enabling elements most likely to play the 
major roles in building an IE [8]. Most of the consulted works focus on some specific 
phases; e.g., how to qualify different actors; how to analyse a region to better identify 
its business vocation; how to conduct innovation processes inside the IE; etc. This 



lack is also evident in research projects that deal with enabling innovation1. 
This paper extends and complements previous work by the authors [7], which 

identified and represented processes that were involved in building and sustaining 
existing IEs. However, in order to both serve as a guide for future IE building, and for 
refinements of current IEs, it is important to check how complete the devised model 
is. Therefore, this paper is not about innovation models themselves. Adopting as the 
initial hypothesis that IEs can be seen as a Collaborative Network (CN) [10], authors 
organised and mapped the identified processes against ARCON (A Reference model 
and Modelling framework for Collaborative Networks) [11], which is seen as the   
most relevant model for CNs. One of the advantages of analysing IEs from the CN 
perspective is the possibility to apply the huge bunch of knowledge on collaboration-
based networks when investigating the several issues of IEs. 

The remaining part of the paper is organized as follows. Section 2 summarizes the 
adopted research methodology. Section 3 identifies the differences and commonalities 
between IEs and CNs. Section 4 gives an overview about the IE model. Section 5 
maps this model against ARCON. Section 6 discusses this mapping, highlighting at 
which extent ARCON can be used to model IEs. Section 7 presents the conclusions. 

2   Basic Research Methodology and Underlying Concepts 

This qualitative research work was carried out based on conceptual analytical method 
according to Järvinen’s taxonomy of research methods [12]. The work includes three 
research actions to achieve its goals: (A) the study of IEs as a type of CN; (B) the 
mapping of the devised process model against ARCON and the identification of 
possible gaps in the former; and (C) the identification of IE specific details that could 
be incorporated into ARCON in order to help its users when specifically applying it 
for the creation of future IEs. 

For (A) a systematic literature review was performed, looking at definitions of IEs 
and conceptual foundations of CN-like networks. For (B) ARCON was studied and 
compared against the IE lifecycle process model. Authors highlight the diversity                   
of terminologies used when describing/characterising what an IE is. For (C) the 
commonalities and particularities of IEs against ARCON were identified. 

In terms of the present treatment, a combination of terminology established in                   
the systems engineering community ISO 15288 [13] and enterprise engineering 
community ISO 15704 [14] was used. Thus, by a process (P), we mean a collection     
of inter-related activities (ai) that transform physical goods and/or information (the 
input) into output by performing a value adding function (F). Activities in a process 
are performed by resources (rj), which in turn are entities considered to be systems 
capable of performing a set of (more elementary) functions (fj,k). 

3   Innovation Ecosystems and Collaborative Networks 

In order to better understand the nature of these ‘ecosystems’ and if they can be 
considered as a type-of CN, we looked at literature for definitions of an IE (see 
below) to compare these against the definition of CNs:  

                                                 
1 e.g. The European projects BIVEE, ComVantage, IMAGINE, CoVES, Laboranova, PLENT, GloNet and 

SmartNets [9] have tackled innovation with different models, platforms and scopes, basically supporting 
the collaborative development of products and related services mainly for the manufacturing sector.                       
They essentially focus on the “ecosystem” operation stage and not on how to build it. 



 “An environment with economic agents and economic relations as well as the non-economic 
parts, such as technology, institutions, sociological interactions and the culture” [3]  

 “Networks that provide mechanisms for goal-focused creation of new goods and services 
tailored to rapidly evolving market needs, with multiple, autonomous and independent 
institutions and dispersed individuals for parallel innovation” [15]  

 “Independent factors working together to enable entrepreneurs and allow innovation to occur 
in a sustained way in a particular location” [16] 

 “An environment and economic model formed by actors whose goal is to enable technology 
development and innovation”, made up of institutional entities participating in the ecosystem, 
bound together by social interactions and culture [2] [3] (paraphrased) 

 “An environment that aligns independent actors, regulations and supporting elements to 
leverage actors playing their roles in an organised and collaborative way towards developing 
innovations” [17] 

 “An open, dynamic, sustainable and evolving networked business environment, which 
catalyses and drives the transformation of ideas into valuable outcomes under varied business 
models, supported by capital and by heterogeneous actors’ knowledge and infrastructures, 
constrained by policies, regulations, governance and culture” [7] 

 “The inter-organisational, political, economic, environmental, and technological systems of 
innovation through which a milieu conducive to business growth is catalysed, sustained and 
supported” […] “It is characterised by a continual re-alignment of synergistic relationships 
that promote harmonious growth of the system in agile responsiveness to changing internal 
and external forces” [18]. 
 

Elements of an IE include [2] [4] [8] [15] [19]: Actors (government, universities, 
industry, supporting institutions and specialised people, entrepreneurs, financial 
system, customers and civil society, and their [social and economic] relationship, 
playing various roles throughout the IE’s life); Capital (financial assets provided by 
some actors); Infrastructure (physical, technical conditions and general resources to 
support the IE and the innovation developments ‘inside’ of it); Regulations (laws and 
rules that frame the IE functioning and innovation environment); Knowledge (existing 
supporting theoretical foundations, tacit and explicit, formal, informal and specialised 
knowledge that are used, generated (and eventually organised and managed), made 
available, and learned along the innovation value chain); Ideas (intentional thoughts 
that trigger innovation actions and around which the whole IE works). 

Three additional elements impact the way the IE operates [7]: Interface represents 
the channel to support the interaction between the IE’s participants with external 
actors, considering their usually significant heterogeneity; Culture refers to the mind-
set of people and organisations combined to support and easy innovation initiatives 
and to solve related problems [4]; Architectural Principles refers to the way the IEs’ 
elements are combined, orchestrated and the culture element is also reflected in them. 

The IE’s dynamics makes actors assume multiple, but not fixed or pre-defined 
roles, in the different stages and involved phases of IE life. 

A Collaborative Network (CN) is defined as [10] “a network constituted by a 
variety of entities (e.g. organisations and people) that are largely autonomous, 
geographically distributed, and heterogeneous in terms of their: operating 
environment, culture, social capital, and goals” […] “CN focus on the structure, 
behaviour, and evolving dynamics of networks of autonomous entities that collaborate 
to better achieve common or compatible goals” […] “interactions are supported by 
computer networks” [...] “CN collaboration derives from the shared belief that 
together the network members can achieve goals that would not be possible or would 
have a higher cost if attempted by them individually”. 



Based on these definitions and related literature [4] [15] [18] [20], we argue that an 
Innovation Ecosystem is a CN as it has all essential CN characteristics, namely: 
formed by autonomous, independent, distributed and heterogeneous actors […] that 
behave, interact and collaborate with each other with different roles […] in a socio-
technical network […] within a fertile, spatial and evolving environment […] to 
overcome individual capability limitations, maximise resource usage, and share risks 
and costs, […] so as to better achieve common/compatible goals […] regarding the 
different involved cultures […] and intrinsic network dynamics. Although not 
explicitly mentioned in the above CN definition, trust is also a crucial issue in IEs. 

As a matter of fact, it is not the name or borders of the network that turn it into a 
CN, but rather what and how things happen inside of it. 

There are many other dimensions to characterise a CN, like if it is mono or multi-
sectorial, long-term or grasp-driven, regionally or globally focused/placed, etc. 
However, when looking at more specific features of typical IEs, some major 
differences can be pointed out. The ARCON reference model identifies fourteen basic 
types of CN [11]. Two of these are the most similar to IEs: Business Ecosystem and 
Virtual organisation Breeding Environments (VBE) long-term alliances. An IE is a 
broader concept and is a more open and dynamically emerging environment than a 
Business Ecosystem (in the ARCON reference model characterised similarly to an 
industrial cluster). Original VBE concepts [21], its so-called ‘second generation’ [22] 
and inter-played CNs [23] still represent ‘closed-world’ type of alliances, although 
allowing multi-sectorial companies and inter-VBE collaboration to better support the 
creation of virtual enterprises/organisations. 

It is important to highlight that it is not our goal here to verify if an IE is ‘better’ or 
not than e.g. a VBE. Instead, the point is that IEs seem to be a particular type of CN 
suitable to achieve certain strategic goals and objectives. The main similarities and 
differences between IEs and other CNs include: 
 CN original definition stands for having computers networks as the means to support 

interactions among members. Although ICT can be very much variable in type and usage 
intensity, and regarding its current proliferation in the society and organisations, it is rather 
difficult to imagine IE’s members interacting and doing their work without using ICT 
reasonably intensively, in the same way as other types of CNs. 

 An IE is not always created as a methodologically planned and induced initiative of some 
actors. There are several cases (e.g. Silicon Valley) which have simply emerged as a result 
of a set of regional factors. In cases of more planned initiatives, its building is far from 
being linear or sequential. Its building phases are very much decoupled from one to 
another, and processes’ phases and actors evolve at different pace and independently from 
the other ones. 

 An IE typically embraces many kinds of actors, existing infrastructures and even other 
CNs. Because there is no physical or organisational border, IEs embrace universities, 
private R&D labs, funding agencies and banks, etc., besides previously established 
industrial clusters, innovation habitats and VBEs. Therefore, IEs can be considered as a 
‘logical’ environment on top of existing CN and other non-CNs alliances. IEs can also 
interplay with other ones. 

 Actors can perform several different roles throughout the IE’s life, having plenty of 
members’ capabilities overlapping. 

 Actors may be different in nature, internal processes, stages of evolution/maturity level,   
and value systems. Therefore, an IE can be seen as a heterogeneous system of systems. 
Although being independent entities, actors may perform actions related to sustaining the 
entire IE and not only to the operational actions related to various innovation initiatives, 
e.g., some actors help other actors to be created and evolve. 



 The so-called ‘minimum level of preparedness’ that each actor should have to collaborate  
is much less formalised, controlled and homogenous than in other types of CNs. Although 
‘preparedness’ can be used as one important criterion for partners selection or suggestion, 
practice in IEs shows that this is mostly resolved ‘on the fly’. 

 Joining and exiting of actors can be dynamic and even unnoticed. IE boundaries are 
intrinsically ‘elastic’. This means having only general and less formal governance and 
performance management models: the IE manages itself in an organic manner rather than 
being managed by some central authority. Due to cultural factors and implicit social rules it 
is unlikely for a formal governance to strongly coerce members and system behaviour. 

 IEs involve another level and nature of outcomes. Besides generating physical outcomes, 
less tangible or more abstract impacts are just as important. This requires the identification 
of adequate performance indicators aligned to the IEs’ goals, but observable by all as a 
feedback mechanism. 

 An IE is devoted to conduct, leverage and sustain innovation and to boost business and 
(real rather than virtual) enterprises creation; 

 The creation of Virtual Enterprises/Organisations (VE/VO) can be seen as a possible 
consequence – and not as an ultimate purpose – of a given innovation initiative. There are 
four differences compared to ‘classical’ VE/VO: First, innovation can happen anytime in 
the IEs’ phases and processes performed by actors involved in, creating multiple and 
simultaneous value chains. Second, an innovation initiative includes partners not having 
‘common’ goals in the strict sense. Actors have their own intrinsic interests aligned to               
the type of ‘system’ they belong to. Therefore, when a CN is defined to ‘achieve common 
or compatible goals’, in the context of IEs perhaps a more appropriate formulation might 
be as ‘support the achievement of mutually beneficial but independent/aligned goals’. 
Third, innovation outcomes not necessarily refer to final physical goods to be delivered or 
ready commercialisable ideas. Sometimes the goal is to test a concept or technology; 
intermediate results may be exploited in different ways and by another VOs; etc. Fourth, 
the VE/VO composition can vary depending on the innovation needs, the required path and 
the innovation model in use. A significant part of a VE/VO is created ‘on the fly’, rather 
than follows the classic, usually linear and coupled steps of opportunity identification :: 
VO/VE characterisation and planning :: partner search and selection :: negotiation :: 
contracting :: launching VE/VO. Many other ‘sub’ VE/VOs can emerge as the result of 
such dynamics. 

 The classical role of the so-called ‘VO Coordinator’ does not necessarily exist. Coordination 
is achieved through organic negotiations between stakeholders as defined by the needs of 
the business and exploitation plan. This kind of network may use multiple network brokers 
and orchestrators who are in charge of finding the most suitable partnerships as the 
innovation project goes on. 
 
All these particularities make IEs extremely difficult to build and integrate 

(including at the ICT level); they are perhaps the most complex type of CN when 
considering those fourteen types identified in ARCON. 

4   The Innovation Ecosystem Model 

This section presents the lifecycle phases and processes involved in the building of   
an IE (Fig. 1), and were inspired by the description [21] of VBE evolution. The IE’s 
stages of life are named according to ARCON [11]. In Figure 1 processes are 
presented in a condensed way as the details are not essential to achieve this paper’s 
objective. A very detailed description of each process, and how they were identified 
and derived from the current body of knowledge on IEs, can be found in [7]. 

 
 



When discussing the processes involved in creating, operating, changing, etc. of a 
system (such as an IE or in general a collaborative network) it is customary to 
categorise these processes according to the level of abstraction at which they consider 
that system. This is done by defining (from abstract to concrete) lifecycle ‘processes’ 
that define the identity, develop the concept, specify the requirements, and design, 
build, operate, and decommission the system. These types of processes are called 
lifecycle phases, due to the fact that their instances are repeatedly executed, often in 
parallel, and there is considerable amount of feedback (constraining relationships) 
involved. In the context of IEs, lifecycle processes cannot be seen only from the 
classical engineering perspective, where processes are always deliberately performed. 
In the present organic context, processes are often related to social phenomena, which 
in turn are largely unpredictable, dynamic, unstructured, emergent, and are only up to 
some extent observable and manageable. 

 

Fig. 1. Innovation Ecosystem: a) Lifecycle Phases and b) Stages of life 

A system can evolve throughout its life in stages, and each stage can involve                
the execution of the same type of lifecycle processes many times over. 

The evolution of a system may involve various kinds of change, like the joining of 
new members, replacement of parts of the system, creating new connections and 
relationships, learning, restructuring, developing new assets that enable previously 
impossible functions, etc., so a system evolves throughout its life, at the same time as 
it is operating. Part of this evolution includes the improvement of the system lifecycle 
processes themselves. Improvements include changes in maturity, emergent or 
induced growth, learning and gaining experience, making autonomous decisions 
within the IE. Improvement may also be due to external events, or feedback from 
internal processes, or the external environment that cause or enable processes to change. 

Both the system as a whole and supporting subsystems have stages of life that 
together cover their respective lifespans, and each have a respective lifecycle,                    
that consist of their specific (lifecycle) processes (types). 

Each phase has processes (e.g. Project consists of ecosystem design and ecosystem 
preparation processes) and activities (the set of actions performed within each 
process). Process scopes are not always perfectly determined and the control and 
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information flow can vary due to the intrinsic non-linearity of enacting an IE 
(represented as dashed lines in Fig.1). 

These processes are continuously performed/instantiated throughout the stages of 
the IE life. The IEs is initially devised, prepared, set-up and launched (initiation & 
foundation), it reaches operation and gradually evolves as it goes (operation & 
evolution), and may need deep changes in its identity (metamorphosis), or can even 
reach closure (dissolution). Note that we define ‘metamorphosis’ as substantial 
change in some of the identity attributes of the IE, but still the result of such deep 
transformation is rooted in the IE’s earlier existence. If this were not so, then we 
would talk about ‘dissolution’. 

What follows is a description of the lifecycle phases. Note that the name ‘phase’ of 
‘lifecycle phase’ suggests that these ‘phases’ consider the IE on different levels of 
abstraction. If we go from left to right in Figure 1, these processes reveal more and 
more concrete detail, and – as the phases of the Moon – they repeat by being 
instantiated during the stages of the IE’s life, as well as use information feedback 
from previous instantiations of any of the phases through evolving cycles. 
 Strategy Formulation phase: take strategic decision of creating a new or reinforcing 
an existing IE. This phase has three main processes: Strategy Definition 

(re)identifies the IE’s mission, vision, values, performs feasibility analysis, and 

strategic goals. Strategy Planning defines actions plans and milestones, critical 
success factors and key indicators for the IE to be built or already running, actions 
to ensure preparedness of actors, defines mandates and overall plans, dedicated               
IE-building or transformation programs, and projects. Strategy Analysis refers to the 
variety of strategic analyses informing the evaluation and feedback of the outcomes 
of the two other processes. 

 Project phase: design and take all steps to prepare the underlying conditions for 
building or transforming the IE. It has two main processes: Ecosystem Design 
defines the IE’s ‘architecture’, its components, types of actors, roles and 
relationships, infrastructure requirements, governance model, operating and 
business models, bylaws, code of ethics, incentives and mechanisms to attract 
actors. Ecosystem Preparedness defines a plan of actions related to preparing 
involved actors, infrastructures, laws and regulations to cope with the IE’s 
requirements, mid- and low level specifications, along the future stages of evolution. 

 Deployment phase: formally establish the designed IE, transform specifications into 
infrastructures and populate with real actors. This has four main processes: Actors’ 
Attraction & Marketing designs and executes actions to publicise the IE to attract 
qualified actors. Actors’ recruiting aims to attracting participants according to 
preparedness directives and rules. Physical building makes available suitable 
facilities to support the diverse types of actions required throughout an innovation’s 
lifecycle, following the requirements and guidelines indicated in the design sub-
process. Ecosystem foundation refers to the official organisational foundation of   
the IE, when pertinent. Depending on the deployment model and taxation laws as 
well as legal incentive mechanisms, this can involve a legal or more formal 
establishment of the IE, or in the other extreme case this may simply take the form 
of an ‘announcement’. 

 Execution phase: is the set of processes involved in the operation of the entire IE.            
It has two main processes: Ecosystem operation consists of the activities involved 
in creating and bringing to successful conclusion various innovation initiatives, as 
carried out ‘inside’ the IE. Ecosystem Management includes management activities 



of the IE, and can cover two levels: the strategic management of the IE itself 
(identifying opportunities, threats, issues, etc., and initiating other relevant lifecycle 
processes as above); the tactical and operational management of the IE. This 
process involves dealing with human resources, financial, organisational, 
technological, governance issues, and is likely to be a distributed collaborative set 
of activities, rather than being concentrated into a management role performed by 
any one particular organisational or individual actor. 

 Conclusion phase: this phase is basically responsible for handling issues that deeply 
impact the continuation of the IE’s life. This phase has two main processes: 
Ecosystem Decommission refers to handling the coming and going of actors within 
the IE along its life cycle. Ecosystem Disbanding refers to a gradual exiting of 
actors from the IE business environment due to e.g. strategic changes and general 
disagreements. 

 Sustenance phase: this phase is responsible for handling the future evolution and 
viability of the IE, managing the IE’s life cycle. This phase has one main process, 
but which crosses, impacts and receives feedbacks from all the other sub-processes.  
Ecosystem sustainability corresponds to tactical and strategic management levels 
that all phases have when performing their actions. 

5   Mapping ARCON and Innovation Ecosystems 

ARCON is a reference model and modelling framework directed to collaborative 
networks. It intends to be used as a basis for derivation of other specific models for 
particular cases in various types of CNs, helping to understand the involved entities 
and significant relationships among them [11]. 

For the purpose of modelling all features of CN components, ARCON considers 
three perspectives [11]. The first one (ARCON lifecycle) addresses the timing of CN’s 
life stages: creation, operation, evolution, metamorphosis and dissolution. The second 
perspective (‘environment characteristics’) focuses on capturing the CN’s general 
features. This perspective in turn includes two so-called subspaces: The endogenous 
elements sub-space embraces the internal CN elements’ characteristics and are 
classified into four dimensions: structural (S), componential (C), functional (F) and 
behavioural (B). The exogenous interactions sub-space handles the logical 
surrounding of CNs and   are also classified into four dimensions: market (M), 
support (S), societal(S) and constituency (C). The third perceptive (‘modelling intent’) 
refers to the different goals one may have when modelling a CN, addressing                        
the three possible intents: general representation, specific modelling, and detailed 
specification/implementation modelling. Figure 2 presents a very general 
‘instantiation’ of ARCON. 

This instantiation has the intent of representing the phases (groups of processes) 
involved in creating or transforming CNs of the type ‘innovation ecosystem’ at                  
the specific modelling level. 



 
Fig. 2. The Innovation Ecosystem lifecycle phases framed by the ARCON model 

Table 1 shows a small and simplified excerpt of the IE’s modelling regarding                   
the ARCON’s environment characteristics perspective for one of the processes within 
the Project phase. As it will be discussed and is illustrated in Fig. 2, given                            
the decoupled way of the IE’s life cycle processes, these processes present a high 
level of independence from each other in terms of evolution (life cycle perspective). 
The instantiation of the endogenous elements and exogenous interactions can vary in 
the same process depending on the evolution stage of the IE, existing level of 
technical maturity, managerial experience, basic general conditions, and eventual 
inter-dependence with other processes. 

Table 1. Example: Ecosystem Preparedness process - Environment Characteristics perspective 

Innovation Ecosystem Endogenous Elements sub-space 
Structural Componential Functional Behavioural 

Active Entities 
Actors: universities, … 
Roles: member, service 
provider, coacher, … 
Concepts 
Relationships: funding, … 
… 

Passive Entities 
Human Resources: 
recruiter, orchestrator, … 
Knowledge Resources: 
members profile & 
competency info, … 
… 

Actions 
Processes: eco membership 
mgmt., strategic mgmt., … 
Concepts 
Methodologies: training 
method, coaching method,.. 

Concepts 
Behaviour: business 
culture, governance 
principles, … 
Contracts & Agreements: 
… 
Incentives & Sanctions: 
… 

Innovation Ecosystem Exogenous Interactions sub-space 
Market Support Societal Constituency 

Mission Statement: Eco 
mission, vision, goals, … 
Marketing Strategies: … 
Market Interactions:  
strategic customers, new 
members, … 

Network Social Nature: 
profit-oriented eco, … 
Interaction Parties 
Support Entities: 
certification entities, … 
… 

Network Legal Identity: 
Legal Name: “Eco Great” 
Values & Principles: free 
commerce, free competition, 
… 
… 

Network Identity 
Attracting Factors: 
attracting & recruiting 
strategies,   
Rules of Adhesion: … 
… 

6   Discussion 

Having in mind the differences between IEs and other CNs (see Section 3), it could be 
observed that the usual way of using ARCON as a process-based methodology seems 
not applicable at all here, because lifecycle processes are normally performed                       
in parallel in a decoupled way, and not sequentially, refining the outcome in an 
evolutionary manner throughout the stages of the IE’s life. 

Although decoupled, activities of these processes may be circularly dependent on 
one another.  This can be easily understood by differentiating between activity as in 
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process (type) definition (meaning ‘activity type’) and activity as in process instance 
(meaning ‘activity instance’). This feedback in turn can be affected by the different 
pace and implementation success of each process’ activities and policies. This means 
that an IE does not evolve linearly and harmoniously. 

Therefore, modelling innovation systems should perhaps be done looking at each 
individual process level and not at once as if it was a “monolithic” block. This 
suggests a very high level of complexity – perhaps not being truly and tightly 
manageable – as each “step” of every single evolving stage is different among the 
phases/process as the processes evolve in a non-synchronised and non-linear way.              
A possible approach for this is to see the IE’s processes from the fractal point of 
view, where each process might be independently (although not in an isolated 
manner), modelled as the image of the whole. 

Processes’ activities need specific and proper instantiations for the given IE 
instance, with consideration of the maturity levels of technical and management 
capabilities, local conditions, culture, planned goals, and the required and available 
investments. Actors’ involvement in each process in terms of intensity of participation 
and roles can also vary due to emergent leaderships. In the case of the operation 
processes (the phase where innovation projects are usually performed), the derivation 
of particular models is probably only feasible if done by the people involved, using a 
library of elementary process definitions, such as described in Malone’s Process 
Handbook [24]. This is because every single innovation project is carried out 
differently, in terms of partners, innovation model, (eventual) supporting ICT tools, 
governance model (if any), planned outcomes, IPR and transfer mechanisms, etc.                 
In other words, there might be innumerable possible instantiations. Therefore, given 
the intrinsic “elasticity” and dynamics of IEs, it is an open point how feasible it is               
to derive a complete instance of a particular model, even via ARCON. 

Other issues have to be tackled from wider views, as business models for example. 
Considering its role in terms of regional development, business models for IEs can be 
as many and should be handled at regional level, at the IE (as an entity) level, at the 
processes level, and at the individual innovation’s level. Less tangible issues, like 
culture, are extremely critical in IEs. They are difficult to be understood and hence 
modelled. In this aspect, ARCON leaves to the “derivers” the option of using 
whatever tools and approaches when intending to derive particular instances of CNs; 
e.g. via soft modelling methods [11]. 

Another aspect refers to the terminology and underlying semantics of the evolution 
stages. The building or the emergence of an IE does not start from scratch and via an 
explicit trigger. Instead, it is established after a usually long process of seeding and 
cultivation of a multitude of disparate actors and supporting elements and conditions, 
without having a moment where such environment can be considered as ready to start 
from that point on. In this sense, and inspired by the terminology used in [4], a more 
proper term might be ‘induce, seed and cultivate’ instead of ‘initiation & foundation’. 
As mentioned, innovation-related actions can happen ‘everywhere’ throughout the 
IE’s phases, and not only during the so-called ‘operation’ phase. The IE as a whole 
and its components constantly evolve. All this should be handled in such way the 
created catalysing environment remains sustainable. More proper terms for that might 
be as ‘nourish & sustain’ instead of ‘operation & evolution’. Deeper changes in an IE 
can indeed happen, both due to endogenous or exogenous factors. This may impact an 
IE to significantly modify its general identity, profile and focus, policies, structures, 
etc., to adapt to the new scenario. As such, the term: ‘metamorphosis’ seems adequate 
for this stage. On the other hand, this kind of ‘reset’ in the IE does not happen 



suddenly. Instead, it is a gradual process that can take years, so processes involved in 
metamorphosis may start during operation, before change manifests as a stage. 

‘Dissolution’ also happens differently in an IE. Considering the type of actors and 
existing infrastructures, IEs are likely to never ‘disappear’. At a more daily level, 
individual members can come and go freely as the IE operates, some businesses and 
start-ups may go bankrupt, etc. At a more strategic level, an IE can lose its vitality as 
actors – the key ones in more particular – start disbanding the system for many 
possible reasons. This ‘vanishing’ event can be gradual and may take years, and even 
after that, some actors would remain in the region and could go back to be active 
again in any moment. Therefore, more proper terms for this stage might be as 
‘decommissioning & disbanding’. Summing up, where creation, operation, evolution 
and metamorphosis share the same semantics in IEs as in CNs, the same thing is not 
true at all in the dissolution stage. 

7   Conclusions 

This research work has presented an analysis of how innovation ecosystems (IE) fit 
the CN foundations. In a previous research a bottom-up approach was applied with 
the aim of describing the set of processes that have been carried out when building 
IEs. In order to evaluate how complete the devised process-model is regarding future 
derivations and considering some intrinsic characteristics of IEs, ARCON was used as 
the reference model to be checked against in a top-down approach. 

Based on literature review and on CN foundations, we could deduce that IEs share 
CN’s essentials and so they can be considered as another CN type. 

After mapping our process model for building IEs against the ARCON reference 
model, we could verify that all ARCON aspects were present in the devised model 
regarding the general representation and specific modelling intent levels. Therefore, 
we conclude that our model is complete in terms of phases, stages of evolution as well 
as of endogenous and exogenous elements. This is important as the so-developed 
model does not intend to be a ‘recipe’ to build IEs. On the other hand, given a 
particular case, the model can be used by stakeholders as one basis to analyse, 
enhance or better sustain existing IEs, and be considered when conceiving future IEs. 
Thanks to the holistic and complete view of the whole IE building process and its life 
cycle, the devised model can help stakeholders to better plan and manage the time, 
resources allocation, and the degree of complexity of actions in different stages of IE 
building. This all can be helpful for predicting points of higher risks, and to prevent 
the whole system from achieving undesirable states. 

In this research we could observe that the specific IEs model has a set of 
particularities not detailed by ARCON, as discussed in Section 6. IEs have a number 
of particularities when compared to the other fourteen types of CNs used as the basis 
for the ARCON conception. They are built in a decoupled and non-linear way 
throughout independent although inter-related phases. Processes evolve at a different 
and autonomous pace rather than in common cycles of global evolution. We believe 
that these aspects, with careful conceptual definitions (phases, processes, process & 
activity types and instances), would benefit the users of ARCON as a reference model. 

This paper is the result of an ongoing research. Next short-term steps include                 
the development of a more formal model of the IE and its processes, comprising                   
the mix of deliberate and emerging decoupled processes regarding the IE evolution, 

and the formalisation of business models at all the involved levels. 
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Abstract. Shifting towards Circular Economy will have significant implications 
on how value offerings are created, delivered and their residual value recovered 
as well as how shared value is created and captured by various actors in a 
collaborative (business) network where information, materials, water, energy and 
cash will flow in different cycles and based on various dynamic interactions 
within a closed-loop value system. In this context, Green Virtual Enterprise 
Breeding Environments (GVBEs) will act as long-term strategic networks of 
green enterprises and their related support institutions established with the aim 
of providing the necessary conditions, including common (circular) operating 
principles and infrastructure, for increasing their members’ preparedness towards 
rapid configuration of Forward- and Reverse-Green Virtual Enterprises (GVEs) 
in order to provide a dynamic model for operations management of closed-        
loop supply networks. This paper focuses on how GVEs and their breeding 
environments can contribute to enable McKinsey’s RESOLVE framework               
of six core-principles, and corresponding actions, for circularity: REstore/ 
REgenerate, Share, Optimise, Loop, Virtualise and Exchange. 
Keywords: Collaborative Networked Organisations, Green Virtual Enterprises, 
Breeding Environments, Sharing Economy, Circular Economy, Collaborative 
Consumption, Industrial Ecology, Sustainability, Shared Value. 

1   Introduction 

A strategic transition towards the Circular Economy (CE) [1] requires: (a) the use of 
renewable energy sources and materials that can be recycled, as well as circular 
product designs, which support these two conditions, (b) the adoption of new circular 
business models, (c) global closed-loop networks that support circular material flows, 
and (d) various enabling conditions of the above [2]. 

Shifting towards the CE will have significant implications on how value offerings 
are created, delivered and their residual value recovered as well as how shared value 
is created and captured by the members of a collaborative (business) network where 
information, materials, water, energy and cash will flow in different cycles based on 
various dynamic interactions within a closed-loop value system.  

In this context, this paper explores how the Collaborative Networks discipline can 
enable, by creating ‘Green Virtual Enterprises and their Breeding Environments’ [3] 
[4] [5] [6] [7], the circular business practices of McKinsey’s RESOLVE framework           
of six core-principles, and corresponding actions, to achieve ‘circularity’ in business 
operations: REstore/REgenerate, Share, Optimise, Loop, Virtualise and Exchange [8]. 



2   Green Virtual Enterprises and their Breeding Environments 

A Green Virtual Enterprise Breeding Environment (GVBE) has been defined as a 
“long-term strategic alliance of green enterprises and their related support institutions 
aimed at offering the necessary conditions (viz. human, financial, social, infrastructural 
and organisational) to support the rapid configuration of GVEs”… towards the creation 
of dynamic closed (circular) supply networks [3] [4] [5], and inter-organisational 
Circular [1] [8] and Sharing Economies [9]. 

Green Virtual Enterprises (GVEs) are “short-term alliances of green enterprises, 
known as GVE partners, which have come together to share their green skills or core-
competences and resources in order to better respond and exploit green (circular) 
business opportunities, and that have been dynamically created within a GVBE”. 
Such GVEs, according to [6] and [7] respectively, must be created as “(a) dynamic 
forward supply networks (F-GVEs) for delivering green and circular products and/or 
services to the market, as well as (b) dynamic reverse supply networks (R-GVEs)              
for recovering such products sold under the GVBE brand (product stewardship)               
for service provisioning, product recovering or for safe disposal”. Both GVE types   
are created in order to support the collaborative management of sustainable closed 
(circular) supply networks [4]. 

Further details on concepts related to GVEs and their breeding environments can 
be found in the following references: [3] [4] [5] [6] and [7]. 

3   Enabling the RESOLVE Framework 

The RESOLVE framework has been developed by McKinsey’s Centre for Business 
and the Environment [8] with the aim of emphasizing six strategies to incorporate 
Circular Economy concepts into a business, as follows: Restore/REgenerate, Share, 
Optimise, Loop, Virtualise and Exchange strategies (see Table 1). 
 

Table 1. McKinsey’s RESOLVE Framework [8] 
Circularity Actions Examples 
Restore/Regenerate 

 
 

 Shift to renewable energy and materials 
 Reclaim, retain, and restore health of ecosystem. 
 Return recovered biological resources to the biosphere. 

Share 
 

 

 Share assets (e.g. cars, rooms, appliances). 
 Reuse/Second-hand 
 Prolong life through maintenance, design for durability, upgradability, etc. 

Optimise 
 

 

 Increase performance/efficiency of product. 
 Remove waste in production and supply chain. 
 Leverage big data, automation, remote sensing and steering. 

Loop 
 

 

 Remanufacture products or components. 
 Recycle materials 
 Digest anaerobic 
 Extract biochemical form organic waste. 

Virtualise 
 

 
 Dematerialising directly (e.g. books, music, travel, etc.). 
 Dematerialising indirectly (e.g. online shopping). 

Exchange 
 
 

 

 Replace old with advanced non-renewable materials. 
 Apply new technologies (e.g. 3D printing). 
 Choose new products/services (e.g. multimodal transport). 



3.1 ‘RE’ for Restore and Regenerate 

According to Mckinsey [8], REstorative / REgenerative (RE) systems aim to “reclaim, 
retain and restore the health of natural and industrial ecosystems, and return recovered 
resources to the bio-sphere and techno-sphere to renew feedstocks”. GVBEs aim to 
develop RE capabilities in the techno-sphere (i.e. the industrial ecosystem) in order to 
reduce virgin materials extraction and materials waste flows, and to increase materials 
productivity and recovery in the Circular Economy. RE industrial systems [1] [8] 
focus on maximising the usage and value of either products themselves or of their 
components, and eventually their incorporated materials, by the ‘power of circling 
materials longer’ through their reuse, remanufacturing or recycling, and by the ‘power 
of their cascaded use’ by using materials discarded as by-products from one value 
chain to replace virgin materials inflow in another (e.g. Industrial Symbiosis [10]). 
Hence, GVBEs can act in different industrial sectors as REstorative systems (e.g.              
of land) by becoming ‘urban miners’ (cf. urban mining [11] [12], see Fig. 1), which 
extend their responsibility beyond their own ecological/environmental footprint,              
and transform landfills into ‘mines’ to reclaim the scraps of different materials (e.g. 
plastics, metals, wood, rubber, etc.) from discarded (landfilled) products. Such action 
allows recovering lost land and reintroduces various materials as reusable ones in their 
respective cyclic material flows, allowing the GVBEs to also act as REgenerative 
systems for such materials stocks in the techno-sphere of the Circular Economy.   
 

 
Fig. 1.  GVBE Urban Mining based on GVEs Materials Lifecycle (Based on [12]) 

 
Other regenerative or conservation actions performed by GVBEs are the use of 

renewable sources of energy and sustainable (recyclable and renewable) materials. 
These actions are enabled by GVBE green practices such as:  

(a) Recruiting GVBE members / selecting GVE partners based on various 
quantitative and qualitative sustainability metrics [13] (viz. economic, social 
and environmental (e.g. recyclable materials, eco-design, clean technologies, 
emissions, waste) performance indicators) to select the most suitable green 
enterprises for GVBE membership and collaboration in F- and R-GVEs, and  

(b) The adoption of green Information Systems (IS) (software) focus on 
improving the flow and management of information (e.g. environmental 
management systems, lifecycle analysis tools), while green Information 
Technologies (IT) focus on the ecological footprints of hardware and other 
Information and Communication Technology (ICT)-infrastructure, designed 

and managed under an environmental-care perspective [14].  
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A good example of such greening effort in IT is the ‘GVBE advanced Collaborative 
Business ICT-Infrastructure’ [15], which adopts the Cloud Computing paradigm [16],          
to share hardware and ICT-infrastructures in order to reduce dispersed IT usage, 
maximise energy efficiency, adopt hardware recycling practices, lower emissions, and 
minimise water usage in cooling data centres [17]. 

    
3.2 ‘S’ for Sharing 
 
According to [18], “the Sharing Economy is founded on the principle of maximising 
the utility of assets and other shareable resources by means of renting, lending, 
swapping, bartering and giving them away in order to avoid their ‘idle existence’”. 
The Sharing Economy requires the adoption of wider business practices that, while 
economically sustainable, are able to reduce the environmental footprint of businesses, 
and also enable socially responsible business behaviours [9]. The concept of a ‘GVBE 
bag of assets’ was introduced in [9] as a virtual repository and/or physical warehouse, 
including collaborative procurement and shareable assets1 management strategies and 
services, with the purpose of facilitating the sharing of tangible and intangible assets 
and resources among GVBE members, so that economies of scale and scope can be 
achieved and an ‘inter-organisational’ sharing economy enabled within a GVBE [9] 
(see Fig. 2). Hence, the GVBE bag of assets aims to develop a sharing economy 
business model that enables GVBE members to share their assets and resources in          
the sense of the RESOLVE framework, shareable assets and resources that would 
otherwise not be used cost-efficiently. This GVBE inter-organisational sharing 
economy can then be the basis of new revenue streams for GVBE members as well as 
to improve their efficiency in resources use (which ensures a positive environmental 
impact), and also creates stronger connections and trust among GVBE members (with 
expected positive social impact).  
 

 
Fig. 2. GVBE Sharing Economy Scenario [9] 

 
According to [9] and [19], some example of shareable assets can be: “(a) tangible 

assets such as transportation vehicles (e.g. collaborative logistics), physical spaces 
(e.g. shared warehouses, excess space), infrequent-use items (e.g. event equipment), 

                                                           
1 A shareable (tangible) asset “is characterised by its high acquisition price, low availability and                     

low frequency of use” [9].   
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durable goods (e.g. productive assets), etc., and (b) intangible shareable assets like 
individuals’ knowledge, skills and services (both business and software services), 
data, time and experiences”. 

Other (quasi) sharing actions that GVBEs support are different strategies/services 
for prolonging life of products or components through their re-use, re-sale, repair, 
upgrade/refurbishment and/or re-manufacturing, as well as through the recovery of 
their residual value at their end-of-life via cannibalisation, recycling and/or smart 
incineration (viz. waste-to-energy) [20], based on the creation of R-GVEs [7].  

As detailed in [7], R-GVEs must be able to sustainably manage ‘reverse logistics’, 
despite the sometimes uncertain nature of the reverse material flows in closed-loop 
(circular) supply networks, and be able to take advantage of new green (circular) 
business opportunities based on second-hand markets, repair champions, sharing 
societies, service-life extension programs and resources security initiatives (viz. 
materials, energy and water), also known as ‘Circular Economies’. Moreover, GVBEs 
and GVEs brokers [6] [21] will play a fundamental role in marketing, selling and 
branding GVEs circular products2 and services (e.g. products as a service, products 
based on recycled, biodegradable and/or compostable resources, or products/assets           
in sharing platforms [22]) towards promoting their acceptance in a growing 
environmental conscious (green) marketplace. 

 
3.3. ‘O’ for Optimise 
 
GVEs and their breeding environments aim to integrate and optimise complementary, 
and when needed, redundant green skills or core-competencies and resources (e.g. 
technologies and practices) of their GVBE members / GVE partners, and through             
this improve their competitiveness and environmental performance. According to [3], 
the advantage is to be able to offer green products and/or services that are circular, 
conserve natural resources, and importantly, are economically viable and socially 
rewarding for all stakeholders involved.  

Such optimisation is conducted at different scales within the breeding environment 
and involving different GVBE actors. Some examples of GVBE optimisation actions 
at the breeding environment level include:  

(a) The GVBE membership and structure management (system) [23] focused on 
the strategic recruiting of green enterprises to become GVBE members, and 
later GVE partners, in order to avoid ‘competency gaps’ between the GVBE 
available competencies and the competencies required for responding to 
designed and emerging green (circular) business opportunities,              

(b) The GVBE profiling and competency management (system) [23] focused on 
building an inventory and proactively managing the green competencies 
(capabilities) and of the underlying resources (capacities) available in                  
the breeding environment to guarantee their availability for the successful 
creation of F- and R-GVEs capable of offering, delivering and recovering 
green products and services to/from the market under a circular thinking, and  

                                                           
2 A circular product is “a product designed for servitization, lifecycle extension and easy-disassemble for 

composting and recycling, so their materials can circulate in closed-loops without generating waste” [22].               
 



(c) The GVBE lifecycle management itself (viz. creation, operation, evolution, 
metamorphosis and dissolution). This includes the GVBE ‘evolution lifecycle 
stage’, which refers to a set of feedback (cf. optimisation) processes through 
the GVBE performance management (system) [23], responsible for managing 
the continuous improvement of the breeding environment’s operations, and 
the GVBE ‘metamorphosis lifecycle stage’, which refers to various strategic 
imperatives such as changes in the GVBE mission, strategic adaptation of          
its business processes, ICT-infrastructure, governance principles and rules, 
etc. This may be necessary because of new market challenges or observed/ 
predicted trends in the marketplace to remain competitive.  

Furthermore, examples of optimisation actions at GVE level comprise:  
(a) The GVE partners’ search and selection process (tool) [24] focused on 

assisting in the selection of the most suitable (optimal) GVBE members to 
become GVE partners based on ‘multi-criteria’ approach (e.g. quality, cost, 
delivery time, geographical distance, flexibility, green practices, health and 
safety practices, trust, etc.) to meet customer requirements and sustainability 
standards and regulations, and  

(b) The GVE lifecycle management itself (viz. creation, operation, evolution            
and dissolution), where the GVE ‘evolution lifecycle stage’ is supported             
by simulation and decision support tools [25] for (re-)scheduling activities, 
optimising the production/service delivery plans, and finding solutions during 
operation when the original plan cannot be kept. Lastly, optimisation actions 
at green enterprises level focus on incentivising GVBE members’ sustainability 
continuum [26] [27] in order to increase their chances for involvement in 
GVEs as partners. 

Generally, GVBEs’ goals are to increase and optimise the preparedness of their 
members based on mechanisms for enhancing their readiness for collaboration [28] 
(e.g. development of common working and sharing principles, governance rules and 
bylaws, a common ontology (terminology), shared (green) principles of operation, 
and an ICT-infrastructure that supports interoperability, etc.). This is necessary in 
order to support the rapid configuration of F- and R-GVEs [4] as closed (circular) 
supply networks, and to optimise GVE partners’ collaborative performance3 [29] 
based on systems and tools for GVEs creation and management [25]. 

 
3.4. ‘L’ for Loop 
 
As developed in [5], GVBEs aim to loop their information, materials, water, energy 
and infrastructure (services) flows in their closed (circular) supply networks to 
achieve zero-waste in a three-level holistic sustainable industrial development model 
for achieving a Circular Economy (see Fig. 3). At a micro-level (small-cycle), Green 
Enterprises (GVBE members) focus on developing an ‘industrial ecology’ at factory 
level by linking “material, energy, water and waste (including by-products) flows 
between their manufacturing operations, supporting facilities and the surroundings 
buildings in order to increase resources productivity and pursue zero-waste” [30].  

                                                           
3 Collaborative Performance is “the effectiveness and efficiency in creating an environment in which 

enterprises can merge their processes for performing joint activities in a non-hierarchic way” [29]. 



At meso-level (mid-cycle), GVEs creation aims to facilitate the development of 
dynamic closed-loop (circular) supply networks through the agile operation of F-          
and R-GVEs within a breeding environment in order to develop synergies between 
GVE partners. According to [5], this is performed “so the waste and/or surplus of 
downstream operations within a GVE lifecycle, through a certain degree of technical 
processing, return to the upstream operations of other GVEs in order to close various 
resources loops”.  

Lastly, at macro-level (big-cycle), GVBEs will act as ‘intelligent collaborative 
networks’ optimising the different core-competencies and resources (viz. capabilities 
and capacities) of their members. These resources include human and technology as 
well as financial ones, but also information and knowledge resources whether 
available in the breeding environment itself or through its GVBE members to become 
as ‘lean’ as possible in all its operations. For example, this may involve the removal 
of some members, activities and/or resources, or continuously improving those [5].  

The most natural loop for GVBEs is the creation of R-GVEs (dynamic reverse 
supply networks) [7] for the purpose of recovering the products sold under the GVBE 
brand (product stewardship), through F-GVEs [6], for service provision (e.g. repair), 
product recovery (e.g. re-manufacturing), or safe disposal [22], and therefore close-
the-loop for closed (circular) supply networks based on GVEs creation [3] [4] [5]. 
 

 
Fig. 3. GVEs Loops based on Industrial Symbiosis Strategies [5] 

 
3.5. ‘V’ for Virtualise 
 
As discussed in [3] and [21], GVBEs as virtual eco-industrial clusters possess certain 
advantages over traditional eco-industrial clusters (located in one site) based on their 
nature of being geographically distributed (virtual) and supported by collaborative 
business ICT infrastructures [15] that allow to the breeding environment to act as               
a ‘glocal networked enterprise’ [21] with low environmental impact (e.g. on land).  

Moreover, GVBEs as ‘glocal networks’ can have a global presence with locally 
available GVBE members / GVE partners to serve customers worldwide, creating in 
this way sustainable economic, environmental and social benefits for all stakeholders. 

Other examples of GVBEs’ actions towards virtualisation are the shifting of 
physical products, services and/or processes by displacing or replacing those with         
the delivery of utilities through virtual channels. Such could be the case of a            
GVBE ‘Cloud-based’ Collaborative Business ICT-Infrastructures [15] [16] delivering 
(e-)service offerings based on cloud models like Software-as-a-Service (SaaS), 
Platform-as-a-Service (PaaS) and Infrastructure-as-a-Service (IaaS) to their members, 
and GVEs adopting Product-Service Systems (PSS) [6] [31] in their business models 
(e.g. product-oriented, use-oriented or result-oriented [32] [33]) to improve resources 
productivity [34] in their value offerings. 
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3.6. ‘E’ for Exchange 
 
The final category of the RESOLVE framework [8] is exchange, and this action refers 
to adopting new green (circular) technologies and systems as well as to upgrading or 
replacing older ways of working (e.g. green (circular) practices and principles) at the 
GVBE as it evolves based on a sustainable development maturity model [35].  

Such exchanges can take place at different scales within the breeding environment 
and involving different GVBE actors. Some examples of ‘greening’ (circular) efforts 
at GVBE members (green enterprises) and GVEs levels may include the adoption of: 

(a) Technologies, in the broad sense of the term, focused on sustainable materials 
(e.g. green chemistry [36]), circular product and service designs (e.g. designed 
for ease of maintenance and repair, upgradability and adaptability, and dis- 
and re-assembly [22]), green business processes (e.g. green marketing [37]), 
circular manufacturing [30] [38], reverse [39] and collaborative logistics [40], 
green packaging [41], to mention a few, 

(b) Systems, information technology based and non-information technology based, 
supporting Design for the Environment (DFE), Closed-loop Product Lifecycle 
Management (CPLM), Life Cycle Analysis (LCA), Lean Manufacturing, Total 
Quality Environmental Management (TQEM), Environmental Management 
Systems (EMS), Closed-loop Supply Chain Management (CSCM), ISO14000 
series’ requirements, etc., and 

(c) Practices and principles, in addition to the Circular Economy ones, (viz. waste 
is food, diversity is strength, renewable energy, prices must tell the truth, and 
systems thinking [1]) like biomimicry (innovation inspired by nature) [42], 
industrial ecology (closed-loop processes) [43], cradle-to-cradle (regenerative 
industrial systems) [44] and blue economy (cascading systems) [45]. 

Furthermore, at GVBEs level ‘greening’ (circular) efforts will focus on advanced 
eco-industrial networking strategies [35] [46] in domains such as materials, energy, 
transportation, marketing, human resources, information and communication systems, 
environmental, health and safety, production processes, quality of life and community, 
and waste management.  

4   Conclusions 

This paper has presented the manner GVEs and their breeding environment/s can            
act as enablers of McKinsey’s RESOLVE framework of six core-principles, and 
corresponding actions, for circularity, namely REstore/REgenerate, Share, Optimise, 
Loop, Virtualise and Exchange. 

Thus, a brief explanation of the RESOLVE framework was followed by a mapping 
of each of the principles against GVEs and breeding environments’ features and 
capabilities, emphasizing all relevant aspects. This has shown that a) the way 
Mckinsey’s framework can be employed to structure complex Circular Economy 
artefacts such as Virtual Enterprises and their breeding environments, and b) the GVE 
and breeding environments are soundly grounded concepts that can be effectively 
used to model multifaceted Circular Economy scenarios at various levels. 

This work also contributes towards the further development of a GVBE toolkit for 
supporting a Circular Economy on the basis of Collaborative Networks discipline. 
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Abstract. Green Virtual Enterprise Breeding Environments (GVBEs) are long-
term strategic alliances of green enterprises and their related support institutions 
aimed at offering the necessary conditions to efficiently promote and establish 
common working and sharing principles with the intention of creating 
sustainable (shared) value in a collaborative way. The Sharing Economy (SE) is 
founded on the principle of maximising the utility of assets and other shareable 
resources by means of renting, lending, swapping, bartering and giving them 
away in order to avoid their idle existence, and is currently being facilitated                
by emerging collaborative business ICT infrastructures in the marketplace and 
society. The SE provides the ability to GVBE members to unlock the untapped 
social, economic and environmental value of their underutilised assets and other 
shareable resources towards higher resource efficiency. This paper explores the 
enabling role of the GVBE bag of assets as a virtual and physical warehouse, 
including collaborative procurement and shareable assets management strategies, 
in order to facilitate the sharing of tangible and intangible resources between 
GVBE members. The GVBE bag of assets is put forward as a novel internal 
sustainable business model, based on a conceptual framework, taking advantage 
of idle assets and other shareable resources within the breeding environment             
in order to save costs and generate new revenue streams (economic), make 
efficient use of resources (environment) and create deeper social connections            
– trust – among member enterprises (social).  

Keywords: Collaborative Networked Organisations, Green Virtual Enterprises, 
Breeding Environments, Bag of Assets, Sharing Economy, Circular Economy, 
Collaborative Consumption, Industrial Ecology, Sustainability, Shared Value. 

1   Introduction 

The Sharing Economy is founded on the principle of maximising the utility of assets 
and other shareable resources by means of renting, lending, swapping, bartering and        
giving them away in order to avoid their idle existence [1] and is currently being 
facilitated by emerging collaborative business ICT infrastructures in the marketplace 
[2] and society [3]. The Sharing Economy provides the ability to organisations and 
individuals to unlock the untapped social, economic and environmental value of their 
under-utilised assets and other shareable resources towards higher resources efficiency. 
Such resource efficiency strategies (e.g. virtuous business value cycles) are known   
as the Circular Economy [4] and Collaborative Consumption [1] by the economists,             



and as Industrial Ecology [5] by the engineers. Complementarily, these concepts 
focus on enabling links/exchanges/sharing of information, materials, water, energy, 
technology, services and/or infrastructure, and any other possible tangible or                   
intangible asset, including by-products, based on collaboration and sharing strategies 
supported by shared/communal use of assets, logistics, expertise and knowledge 
transfer within a collaborative network [6] [7]. 

This paper explores the enabling role of the GVBE bag of assets [6] [7] as a virtual 
and physical warehouse, including collaborative procurement and shareable assets1 
management strategies, in order to facilitate the sharing of tangible and intangible 
resources between GVBE members. The GVBE bag of assets is put forward as a       
novel internal sustainable business model, based on a conceptual framework, taking 
advantage of idle assets and other shareable resources within the breeding environment 
in order to save costs and generate new revenue streams (economic), make efficient 
use of resources (environment), and create deeper social connections – trust – among 
member enterprises (social). 

2   Green Virtual Enterprises and their Breeding Environments  

A Green Virtual Enterprise Breeding Environment (GVBE) is a long-term strategic 
alliance of green enterprises2 and their related support institutions aimed at offering 
the necessary conditions (human, financial, social, infrastructural and organisational) 
to efficiently promote and establish common working and sharing principles with               
the intention of creating sustainable (shared) value3 in a collaborative way [6] [7] [8].  

From a functional point of view, GVBEs focus on sharing information, resources, 
responsibilities, risks and rewards to jointly plan, implement and evaluate sustainable 
initiatives and collaborative endeavours [10]. From a behavioural point of view, GVBEs 
focus on adopting common governance rules and bylaws [11] and a common ontology 
[12] in order to reduce the barriers towards successful collaborations. From a structural 
and componential point of view, GVBEs focus on developing common interoperable 
infrastructures [2] and creating a resource pool (bag of assets) with different tangible 
and intangible shareable resources in order to eliminate redundant assets within the 
GVBE and manage their ownership costs in an efficient way [6] [7]. As a result,                     
a GVBE can be considered as an intelligent network for competences and resources 
(assets) management contributed by various green enterprises aiming to combine their 
green capabilities in order to develop triple top-line4 strategies for creating sustainable 
(shared) value – though GVEs creation [6] [7], as addressed below. 

“Green” VBEs in particular are aimed at facilitating the sharing and recycling of 
assets and other resources with the intention of creating industrial symbiosis [5] links/ 
exchanges and shared/communal use of assets between their members [6] [7]. 

A Green Virtual Enterprise (GVE) is a short-term and dynamic coalition of green 
enterprises that may be tailored within a GVBE to respond to a single sustainable value 
creation opportunity to deliver new green products to the market by means of dynamic 
forward supply networks creation (see F-GVEs [14]), or to capture the value that may 
exist in a product or by-product, by recovering it temporarily during its mid-life for 

service provisioning or at the end of its life for reuse, repair, remanufacturing, 
recycling or safe disposal by means of dynamic reverse supply networks (see R-GVEs 
[15]).  



3   GVBE Bag of Assets and the Sharing Economy 

The GVBE bag of assets provides collaborative procurement and shareable assets 
management services to the GVBE members in order to develop economies of scale 
and scope, and enable an ‘inter-organisational’ sharing economy (see Fig. 1). 

Collaborative procurement services [16] aim to ensure GVBE members improved 
security of supply through aggregated buying power; exploit economies of scope 
within the breeding environment through bundling where there are significant costs 
common to different products or services in a supply chain; strengthen the negotiating 
position in contracting with suppliers; reduce prices through economies of scale;  
share procurement costs for buyers and reduced bidding costs for suppliers through              
a single tendering process; share the costs associated with gathering price and market 
information; facilitate improved management of suppliers and contracts at a strategic 
level for contracts agreed by the GVBE management and GVE coordinator(s); deliver 
service and process improvements through the adoption of best practice; reduce 
fragmentation, number of contracts and unnecessary complexity for the breeding 
environment; ensure all collaborative procurements adopt the highest standards in 
terms of safety and environmental protection; better decision making through cross-
GVBE members and external price benchmarking; and more consistent application of 
best practice, innovation and enhanced opportunities for learning [adapted from 16].  

Meanwhile, shareable assets management services aim to create a resource pool 
that in the sharing case of tangible assets may include transportation vehicles                        
(e.g. collaborative logistics), physical spaces (e.g. shared warehouses, excess space), 
infrequent-use items (e.g. event equipment), durable goods (e.g. productive assets), 
etc., and in the sharing case of intangible assets, individuals’ knowledge, skills and 
services (both business and software services), data, time and experiences, with                 
the intention of maximising the return on capital investments and maintaining a 
shareable knowledge and skills base.  

Shareable assets can have different dimensions according to [17], based on their 
nature and lifecycles, assets can be ‘synchronously shared’ when the GVBE members 
can rent, borrow, and use an item from the bag of assets and return it to the central 
pool when finished using it, ‘asynchronously shared’ when GVBE members pass off 
– gifted, traded, bartered, or resold – the item from one to the other for reuse, and 
‘collaboratively shared’ when the item can be simultaneously shared; furthermore, 
when it comes to their management [17], shareable assets can be administrated within 
the breeding environment under a ‘centralised model’ where the GVBE manager (or 
lender) is responsible for providing access to the central resource pool (the bag of 
assets) and all GVBE members are renters or borrowers, or under a ‘decentralised 
model’ (e.g. peer-to-peer) where the GVBE members control their own assets and 
play the dual role of lenders and renters/borrowers within the networked community; 
lastly in regards to the shareable assets potential for ‘value co-creation’ [10], value is 
created through interactions [17] that enable the creation of financial capital (e.g. 
money) as well as social capital (e.g. reputation and social reach) for the GVBE and 
for its members [Adapted from 17]. 

 
 



As shared value increases within the breeding environment, GVBE members               
will discover new collaboration (business) opportunities to link/exchange/share their 
assets and value-added activities to gain competitive advantage and sustainable 
organisational performance [18]. 
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Fig. 1. GVBE Bag of Assets: A Sharing Economy Scenario 

 
3.1 Towards a GVBE Bag of Assets Framework and Lifecycle 
 
A GVBE bag of assets represents a new long-term collaboration (business) opportunity, 
namely: the Sharing Economy [1], aimed at making ‘business sense’ of the efficient 
use of common and shareable assets within the untapped internal B2B breeding 
environment sharing marketplace. Therefore, the GVBE bag of assets creation will be 
triggered as an internal collaboration (business) opportunity to create a resource pool 
that will be gradually built-up with the GVBE members’ shareable assets and joint 
purchases and investments in common assets.  
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Fig. 2. Modelling Concept [6] [19] [20] for the GVBE Bag of Assets Framework 



Similar to the GVE creation framework [6] [19] and according to GERAM - ISO/ 
IS 15704 guidelines [20], the GVBE bag of assets creation framework (see Fig. 2 & 3),           
on its ‘shareable assets’ pillar, starts with the identification of a set of shareable assets 
between the GVBE members within an open or predefined conceptualised scope            
that will trigger and justify the resource pool and its related services creation. Next,          
the collaboration (business) opportunities identified will be characterised (requirements 
design) in terms of their ‘economic drivers’ (e.g. monetise excess and idle inventory, 
increasing financial flexibility, access over ownership, etc.), ‘ecological drivers’ (e.g. 
reduction of ecological and carbon footprints, etc.) and social drivers’ (e.g. asset-          
light business paradigm, collaborative consumption, etc.). Following, a first rough 
architectural design of the GVBE bag of assets taxonomy will be defined (e.g. based 
on business and accounting principles – current assets, long-term investments, fixed 
assets, intangible assets, other assets) together with its sharing governance model  
(e.g. own-to-mesh vs. full mesh, community diversity vs. company control, adoption 
vs. appropriability of benefits, informal contracting vs. formal contracting, trust by 
reputation vs. trust by commitment, non-market mediated vs. market mediated, social 
capital vs. individual benefits, identification avoidance vs. perceived ownership [21]) 
and business models (e.g. sharing plan, sharing method(s), sharing investment, cost 
and profit model(s)). Subsequently, GVBE members willing and suitable to participate 
(as sharing users, sharing suppliers and/or broker(s)) in the long-term Sharing Economy 
collaboration (business) opportunity should be searched and selected according to     
the degree that their shareable assets profile (e.g. shareable assets inventory, trust 
level [22], etc.) matches the GVBE bag of assets scope. Then the rough taxonomy and 
sharing governance and business models should be detailed and agreed by the GVBE 
members through a negotiation process that aims to embed social (shared) value 
creation into contracts and agreements. Finally, the GVBE bag of assets operation 
should be launched.   

For the particular situation of the GVBE bag of assets dissolution, shareable assets 
already count with an specific ownership by the GVBE members (sharing suppliers), 
so decommissioning efforts will be centred in common assets jointly purchased. 

 

Sh
ar

ea
bl

e 
As

se
ts

C
ol

la
bo

ra
tiv

e
Pr

oc
ur

em
en

t

Sharing Economy

GVBE Bag of Assets
 

Fig. 3. GVBE Bag of Assets Creation Framework Pillars 
 

On its ‘collaborative procurement’ pillar, the GVBE bag of assets creation framework 
starts with the identification and conceptualisation of the potential participant pool    
to get involved in the collaborative purchasing opportunities. The GVBE members 
interested will begin communication and information exchange concerning their 
(individual) planned purchases in order to identify similar commodities in the same 
market – a broker may support this coordination action. Next, the collaborative 
purchase will be characterised (requirements design) in terms of number of participants 



involved, their size, their geographic location, their purchasing volume, etc. in order 
to use the appropriate mechanisms to obtain additional discounts or rebates beyond 
the initial volume-driven lower per-unit pricing. Following, a first rough architectural 
design of the total purchase size and individual bundles will be calculated as well as 
expected benefits for the participant GVBE members. Subsequently, GVBE members 
will confirm their participation in the collaborative purchasing opportunity. Then            
the rough collaborative purchase order will be detailed and transform into a request 
for quotation that will trigger concurrent negotiation processes with the suppliers, 
responding to a call for tenders issued by the GVBE manager or GVE coordinator, 
until an agreement is reached and a contract is signed. Finally, the winning supplier 
will issue an invoice and the GVBE members will expect the purchase within the time 
frame agreed in the collaborative procurement operation. 
  
3.2 GVBE Bag of Assets Management Practice Aspects  
 
The GVBE bag of assets management practices may include function-wise, the 
following bundle of services, related to the shareable assets management: setup and 
update of the shareable assets taxonomy, shareable assets inventory management, 
reservation and scheduling of shareable and common assets, assignment/re-assignment 
of shareable and common assets, logistics and distribution of shareable assets, and 
monitoring of shareable and common assets utilisation (e.g. tracking assets condition, 
lifecycle cost, performance measurements, etc.). Resources-wise (and related to GVBE 
members’ participation management), the services bundle may include: shareable assets 
contributions and utilisation accounting, shareable and common assets financials               
(e.g. purchase, payment and invoice systems) and rewarding mechanisms to stimulate 
the internal B2B breeding environment sharing marketplace. Organisational-wise   
(and related to the GVBE bag of assets governance), the service bundle may include 
support for ‘centralised’ and ‘decentralised’ control and management models. Finally, 
information-wise the GVBE bag of assets services bundle should be supported by               
an information management system as detailed below. 
 
3.3 GVBE Bag of Assets Information Management System 
 
First generation GVBE bag of assets management systems [23] were mainly focused 
on storing and sharing intangible assets (e.g. documents, software tools, and other 
knowledge items); they were implemented as ‘content management systems’ providing 
services (functionalities) for the GVBE members, such as: subscribing/unsubscribing, 
publishing information (metadata), viewing information (browsing  and sorting) and 
support for GVBE member(s) reward. In this first generation, the GVBE bag of assets 
management was mainly a task for the GVBE manager and GVE coordinator(s), 
responsible for collecting ‘reference information’ that could support future better 
decision-making and efficient business processes execution.  

Second generation GVBE bag of assets management systems, empowered by the 
Internet of Things [24] paradigm, aim to enable a repository supporting the collection 
and dissemination of common and shareable assets-related information, capable of 
offering advanced functionalities or services for assets availability, assets conditions, 
assets tracking and assets usage, cost tracking, cash flow forecasting and financial 



reporting. In this second generation, in a centralised management model, brokers            
play a new supporting role for the GVBE manager and GVE coordinator(s) as 
‘matchmakers’ of the supply and demand for common and shareable assets within             
the breeding environment, closing deals, and scheduling and tracking their utilisation. 
On the other hand, in a decentralised GVBE bag of assets management model, assets’ 
sharing becomes every breeding environment member’s business. 

As a result, a GVBE bag of assets management system can be seen nowadays as             
a B2B e-marketplace within the breeding environment, based on a collaborative 
business ICT infrastructure (online platform), capable of creating reciprocal economic 
value by increasing assets utilisation through online accessibility and community 
sharing, as well as environmental and social value by reduced ownership overhead 
and stronger collaboration.  

4   Conclusions & Further Research 

The Sharing Economy attempts to define a wide range of collaborative (business) 
practices whose central characteristics are the ability to save or make money, reduce 

ecological footprints and strengthen social ties.  
This paper has put forward the concept of GVBE bag of assets as a novel internal 

sustainable business model based on sharing idle assets and other under-utilised 
resources and collaborative procurement strategies within a breeding environment in 
order to save costs, co-create shared value, efficiently utilise resources and deepen  
the trust among GVBE members. Moreover, the ongoing research work has introduced 
a proposal for a GVBE bag of assets conceptual framework to be further developed. 

The transition to an ‘assets sharing economy’ as a corporate practice is not an easy 
task; nevertheless, GVBEs collaborative culture and common infrastructure present 
promising social, economic and technological drivers and enablers [25] such as                
the desire for cooperation, sustainability, shared value co-creation, social networking, 
and collaboration platforms. 
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frequency of use.   
2 A Green Enterprise is an enterprise that strives to meet the triple bottom line by ensuring that                           
all products, processes, manufacturing and logistics activities in its business operation address                           
the sustainability principles [6] [7].   
3

 Sustainable Value is the long-term shareholder value created as a scalable source of competitive advantage by 
embracing opportunities and managing the risks/benefits associated with their economic, environmental 
and social developments [9]. 
4

 A Triple Top-line Strategy establishes three simultaneous requirements for sustainable activities: financial 

benefits for the enterprise, natural world betterment, and social advantages for employees. Though this is 
sometimes called the triple bottom-line, triple top-line stresses the importance of initial value rather than 
after the fact effects [13]. 
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Abstract. Green Virtual Enterprise Breeding Environments and their Forward-
Green Virtual Enterprises, represent a promising paradigm to face the sustainable 
manufacturing, logistics and consumption challenges towards a Circular Economy. 
This paper explores the ‘build-to-order supply chain management’ paradigm 
and the customers involvement in sustainable supply chains to support the 
creation and operation of goal-oriented supply networks capable of responding 
to the two-sided market demands of the Circular Economy by means of 
sustainable offers by industry and sustainable demand by society. 
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1   Introduction 

Circular Economy (CE) is a generic term for a new and more sustainable industrial 
economy in which material, energy and waste (MEW) flows are closed-loop [1] [2].   

In a CE, two types of cyclic flows can be identified: a) quasi-cyclic flows in where 
there is a certain degree of cycling in resources circulation through an industrial 
system, which reduces the need for external resources input and waste output,                    
and b) cyclic flows which have the highest degree of cycling (self-sufficiency) with 
closed-loop circulation of resources within an industrial system [1] [3]. 

Developing a CE is about optimising industrial systems, and eco-industrial chain 
models are the prerequisite and basis for running eco-industrial systems [4] [5]. 

An Eco-Industrial Chain (EIC) refers to a closed-loop model of economic activities 
creating feedback cycles of resources  products  renewable resources, following 
the ‘3R’ principles of the CE (Reduce, Reuse, Recycle) in the processes of production, 
logistics and consumption in order to achieve eco-industrial systems with improved 
economic activities and environmental benefits [4] [5]. 

The ‘3R’ principles are at the core of the CE development strategy: Reduce refers 
to the input of resources usage, aiming at reducing the input materials and energy               
in the production and consumption processes; Reuse is concerned with processing, 
and promotes a higher utilisation rate of resources by reusing raw materials,                         
by-products and used-products, so products’ lifecycle can be extended and the waste 
created in production processes can be minimised; finally, Recycle is concerned with 
output, which requires that waste be turned into secondary resources replacing virgin 
resources input [6]. 



Nevertheless, building a CE in the industrial landscape is not enough, since 
consumerism can have a big impact on the environment and consume large amounts 
of energy. As a result, consumers in the marketplace play a crucial role to achieve a 
sustainable economy, since “CE is not just about sustainable production models and 
products, but also about sustainable lifestyles and societies sustaining them” [7]. 

This research will explore Forward - Green Virtual Enterprises and their breeding 
environments [8] [9] within the ‘build-to-order supply chain management’ paradigm 
[10] in order to support the creation and operation of goal-oriented supply networks 
capable of responding to the two-sided market demands of the CE, sustainable offers 
by industry and sustainable demand by society. 

2   Green Virtual Enterprises and their Breeding Environments 

A Green Virtual Enterprise Breeding Environment (GVBE) is a long-term strategic 
alliance of green enterprises1 and their related support institutions aimed at offering 
the necessary conditions (human, financial, social, infrastructural and organisational) 
to support the rapid and fluid configuration of GVEs. From a ‘socio-economic and 
technical’ point of view, GVBEs support the creation of an adequate environment for 
the establishment of cooperation agreements, common operation principles, common 
interoperable infrastructures, common ontologies, and mutual trust among others, 
with the objective of preparing their members to collaborate in potential GVEs                
that will be established when a green business opportunity arises (e.g. identified by a 
GVBE member acting as a broker). From an ‘ecological’ perspective, GVBEs promote 
the sharing and recycling of resources such as information, materials, water, energy 
and/or infrastructure with the intention of achieving sustainable development in a 
collaborative way (e.g. industrial symbiosis2) [8] [9]. 

Green Virtual Enterprises (GVEs) are short-term and dynamic coalitions of green 
enterprises that may be tailored within a GVBE to respond to a single cooperation 
opportunity, through integrating the green technology (skills or core-competences and 
resources) required to meet or exceed the quality, time and cost frames expected                
by the customer with a low ecological footprint, and that dissolve once their               
mission/goal has been accomplished, as whose cooperation is supported by computer 
networks [8] [9]. 

Depending on its delivery or recovery goal, a GVE can be tailored to become                
a dynamic forward supply network for delivering new green products (virgin or used/ 
recovered) to the market, or a dynamic reverse supply network [12] for recovering           
the products sold under the GVBE brand (product stewardship) for service provisioning,  
product recovering or for safe disposal [8] [9]. 

                                                           
1 A Green Enterprise is an enterprise that strives to meet the triple bottom line by ensuring              

that all products, processes, manufacturing and logistics activities in its business operation 
address the sustainability principles [8] [9]. 

2  Industrial Symbiosis can be defined as an industrial ecology strategy based on collaboration 
and synergetic possibilities, aimed at sharing/exchanging information, materials, water, 
energy and/or infrastructure (e.g. services) among industrial actors in order to increase 
economic gains and achieve sustainable development in an eco-industrial network [2] [11]. 



GVEs as dynamic reverse supply networks (R-GVEs)3 are temporary alliances of 
green enterprises that come together in order to better respond to a business opportunity 
based on a sustainable reverse logistics and end-of-life manufacturing approach for 
recovering products, parts, subassemblies and/or scrap through the most efficient use 
of their complementary skills or core-competences and shared resources for their 
direct-use (re-use), repair, refurbishment, re-manufacture, recycle or safe disposal - 
within a GVBE. 

In this research work, authors will focus on the case of GVEs as dynamic forward 
supply networks (F-GVEs) operating as temporary alliances of green enterprises that 
come together in order to better respond to the market demands through the most 
efficient use of their complementary skills or core-competences and shared resources, 
for developing and delivering in a sustainable way new products (goods and services) 
to the customer with a minimal environmental impact (see Fig. 1) [8] [9].  
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Fig.1. Forward Green Virtual Enterprise Lifecycle: Dynamic Forward Supply Network 

 
Furthermore, F-GVEs can be sub-tailored to become Green Virtual Manufacturing 

Enterprises compromising different kinds of resources, manufacturing processes and 
knowledge needed for designing, engineering and manufacturing sustainable goods 
for the customer; Green Virtual Service Enterprises sharing knowledge and skills             
to fulfil different customer requests in after-sales services in a sustainable way;               
and Green Virtual Product-Service Enterprises integrating manufacturers and service 
providers  in order to support a sustainable customer lifecycle based on a combination 
of sustainable goods and their related value added services (see Fig. 2). 
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Fig.2. Forward Green Virtual Enterprise Typology 

                                                           
3 For additional information on R-GVEs please refer to [12]. 



3   Sustainable Manufacturing & Logistics: Build-to-Order Supply 
Networks 

When judging the rationality of economic development in the past and looking into 
the future, if a sustainable economy is the goal, it is important to understand that          
the industry of the 21st century will not be the same as the mass-production model 
throwaway economy of the 20th century [7]. The emerging CE will rely on new 
sustainable (mass-) customised products (goods and services) [13] and production   
and service provision models [14], as well as their related sustainable business models 
[15], to support (mass-) customisation, sustainable production and logistics and on-
demand manufacturing/service provision as enablers of a sustainable industry: 
‘Delivering not what the market wants, but what specific customers want’… 
‘Producing green products just when the customer needs them and only in the 
quantity they are needed’. 

Sustainable Manufacturing is defined as “a systems approach for the creation and 
distribution (supply chain) of innovative products (goods and services) that minimises 
resources utilisation (inputs such as: materials, energy, water, and land), eliminates 
toxic substances, and produces zero waste that in effect reduces greenhouse gases 
(carbon intensity), across the entire lifecycle of products” [16]. F-GVEs aim to bring 
forward an emerging sustainable manufacturing and logistics mode of operation 
focused on compromising high levels of customisation, high customer-driven design, 
volume flexibility (not quantity restricted), short-cycle time, zero-inventory costs, 
minimal total cost and high supply chain integration for offering and delivering green 
products to the market in a sustainable way [17].  

F-GVEs focus on implementing mass-customisation and personalisation in a 
sustainable manufacturing and logistics paradigm empowering sustainability through 
eco-friendly and high flexible product designs (goods and/or services), production 
and/or service systems, and supply chains/networks. 

The Build-to-Order (BTO) operation model [17] aims to incorporate the key 
advantages of different operation models to become an attractive sustainable strategy 
for manufacturing and service enterprises. The BTO model takes the characteristics                
of ‘high level customisation’ and ‘customer driven design’ of the Engineer-to-Order 
(ETO) model, the ‘volume flexibility’ of Make-to-Order (MTO) model, the ‘short-
cycle time’ of the MTO and Assembly-to-Order (ATO) models, the ‘zero-inventory 
costs’ of the ETO model, the ‘minimal total cost’ of the Make-to-Stock (MTS) model, 
and the ‘supply chain integration’ of the Configure-to-Order (CTO) model towards 
more sustainable supply networks operations [17]. Nevertheless, the BTO model 
implementation challenges the capacity and capability of a single enterprise calling 
for a ‘network of enterprises’ to gain access to its sustainable benefits and competitive 
advantage. Therefore, F-GVEs and their breeding environments represent a well-
suited model to guarantee the agility, leanness, greenness, flexibility, collaboration 
and specialisation levels [9] needed to deploy the BTO model successfully (see Fig. 3). 

A high level of customisation can be achieved by means of the F-GVE partners’ 
green capabilities and capacities integration, thus avoiding design, engineering, 
manufacturing and/or logistics competence and/or resource restrictions to develop 



sustainable (mass-) customised products (goods and/or services) 4 [17] [18]. F-GVEs 
will be always created with the most suitable GVBE members for fulfilling any special 
request of a green customer or for guaranteeing the requirements of a given green 
business opportunity [8] [9]. Moreover, (mass-) customisation offers the opportunity   
to develop true sustainable products (goods and services) with a high performance 
when it comes to meet the customer needs and being environmental-friendly within 
an affordable price [13]. 

   High customer-driven design is in the nature of F-GVEs, being ‘goal-oriented 
supply networks’ driven by the aim of grasping a single green customer request or 
green business opportunity [17] [18]. F-GVEs are customer-oriented entities where a 
‘network of enterprises’ focuses on a ‘customer-centric collaboration’ to co-create a 
green product (whether of the goods or services type) [19]. By avoiding or reducing 
the risks involved in forecasting the right production mix, F-GVEs can save a great 
number of resources (e.g. raw materials, energy, water, etc.) related to unsold 
products, and conserve also such input resources for a longer time till the moment 
they are truly needed (e.g. just-in-time) [8] [9]. 

Volume flexibility is satisfied by adding/aggregating F-GVE partners’ production 
capacities and accommodating the proper volume of work accordingly to the task           
to their production capacity availability [17] [18]. Such flexibility allows a sustainable 
manufacturing where the required amount of products will be produced, and any 
waste related to unsold products be avoided (resources conservation) [8] [9]. 

Short-cycle time, or shortest-cycle time possible, is attained by the analysis of 
different F-GVE partners topologies and work-breakdown-structure configurations 
during the F-GVE creation in order to create the right partnership and schedule 
(critical path) to meet or exceed the time-frame (lead time) expected by the green 
customer [17] [18]. F-GVE partners’ search and selection process [20] [21] will 
guarantee always the best possible forward supply network configuration in terms               
of cost-efficiency, flexibility, responsiveness and lowest ecological footprint to 
manufacture and deliver a product [8] [9]. 

Zero-inventory costs are realised since F-GVEs do not need to have an inventory 
before any manufacturing order is launched [17] [18]; F-GVEs operate under an             
on-demand manufacturing/service provision paradigm which can be considered a 
resources conservation strategy [8] [9]. 

Minimal total cost is accomplished due to the cost savings gained throughout             
the forward supply network [17] [18] by means of selecting the most cost-effective          
F-GVE partners for the manufacturing and logistics value added activities needed               
to be performed and efficient F-GVE operation [8] [9].         

A high supply chain integration is reached thanks to the GVBE role as long-term 
strategic network [17] concerned with facilitating the adoption of common operation 
principles and interoperable infrastructures in advance to improve communication, 
cooperation and coordination between GVBE members; when members are selected to 
become GVE partners, they will behave as an integrated whole, therefore enhancing 
their overall agility, flexibility and productivity to collaborate in a F-GVE [8] [9]. 

 

                                                           
4 Sustainable (mass-) customised products can be defined as goods or services capable of 

fulfilling engineering and customers’ requirements including environmental, economic and 
social constrains [13]. 
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Fig.3. Forward Green Virtual Enterprise Vision-based Framework 

4   Sustainable Consumption: Customer Communities 

Sustainable Consumption is defined as “the consumption of goods and services that 
have a minimal impact upon the environment, are socially equitable and economically 
viable whilst meeting the basic needs of their target customers, without jeopardising 
the needs of future generations” [22].  

Customers and, customer communities, play a vital role in contributing to a 
sustainable production and consumption in the industrial landscape and marketplace, 
being the ultimate target of a ‘sustainable supply network’. Their involvement and 
empowerment in sustainable supply networks is of key importance for driving           
the demand for sustainable products (goods and services), since customers are those 
who initiate the creation of any given product. First, customers influence what goods 
and services are being produced and offered (e.g. green products), and partially how 
products are being produced, delivered and disposed (e.g. green manufacturing and 
logistics). Second, how products are being consumed, which drives or constrains any 
product lifecycle’s extension strategies (e.g. products with recycled materials, second-
hand products, refurbished/ upgradable products, repaired products). Third, customers 
influence each other in their consumer decisions of what, how and how many products 
are consumed (e.g. green purchasing and usage recommendations). 

Customers’ role in sustainable production and consumption will continue growing 
in the coming years, as advances of the ‘social’ Internet empower green consumers            
to actively participate in different sustainable practices (e.g. recycling) [19] [23].  
BTO supply networks [17] (e.g. GVEs and their breeding environments [8] [9]) offer             
the opportunity to meet green customers’ demands and to manage their involvement 



in the co-creation/co-innovation [19] of sustainable (mass-) customised products [13] 
[14] and sustainable business models [15]. Sustainable (mass-) customisation may 
trade-off lead time for environmental-friendliness, but pays back the customer                 
with a certain level of personalisation/customisation of his/her goods or services and a 
truly sustainable product lifecycle [13] [14]. 

In order to explore customers’ role in achieving sustainable supply networks, 
authors have chosen Sarkis [24] framework for outlining the operational processes of 
a sustainable supply network with the customer involvement [adapted from 23]: 
Starting with green designing, customers education and awareness in (co-) designing 
and demanding sustainable products can incentivise manufacturing and service 
enterprises to look into more sustainable designs for their value propositions. This 
effect is also magnified by green (virtual) customer communities that collect, share 
and disseminate information about the sustainable performance of products, and 
customers increased interest to co-create/co-innovate sustainable products and 
business models [19]. Green procurement is the most obvious customer influence in  
a sustainable supply network since customers can choose their own goods 
manufacturers and service providers according to their sustainable performance            
(e.g. eco-certifications and environmental standards). Also, customers can influence 
procurement by eliminating and/or attenuating resources use by providing their own 
resources (e.g. self-service) and/or by helping to reuse or share resources (e.g. reuse 
programs) [23]. Green production and Green logistics are influenced by the customer 
consumption behaviour, which challenges manufacturing and service enterprises 
demand management, considering now the expected lead time by the customer                   
in order to support sustainable production (e.g. dematerialisation, slow fashion,                
on-demand manufacturing/service provisioning, packaging reduction, product 
longevity) [25] and (collaborative) logistics practices (e.g. route planning, intermodal 
solutions, smart distribution, cargo consolidation, shared warehousing) [26]. Green 
purchasing, consumption and marketing, as the three main relationships of the firm 
with its customers, drives manufacturing and service enterprises to ethically promote 
their products (goods and/or services) by reinforcing customers’ sustainable lifestyles 
using different sustainable marketing practices (e.g. rewards, discounts, eco-labels, 
demarketing, remarketing) in order to develop a mindful consumption mind-set [25]. 
Lastly, there is the green recycling achieved through different product recovery 
opportunities [12] that involve bringing back customers who have already purchased  
a product to restart a new supply network cycle presumably with greater efficiency 
and lower resources use (e.g. reuse, repair, refurbish, re-manufacture, recycle) [23] 
[25] (see Fig. 4).  
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Fig.4. Green Customers Sustainable Consumption Profile 
 

Increasingly, the sustainable production and consumption of products (goods and 
services) in the industrial landscape and marketplace will involve a mix of long- and 
short-term collaborative networks, strategic and goal-oriented networks [27], and 
networked enterprises and customers communities [19], making GVEs and their 
breeding environments [8] [9] a suitable collaborative environment and sustainable 



development model for customers’ involvement and other stakeholders in the process 
of collaboratively creating new products in a sustainable way and meeting customers’ 
needs and preferences. 

5   Sustainable Business Models: Interplay Networks 

A Sustainable Business Model is defined as “a business logic that seeks to create 
balanced social, environmental and economic value through integrating sustainability 
more fully into its business model and value proposition(s)” [28].  

The development of sustainable business models architectures [15] is fundamental 
for the adoption of new sustainable production and consumption paradigms.                      
In this sense, nowadays we can find some practical examples from an industrial 
perspective such as different product-service systems (PSS) variants aiming to deliver 
functionality rather than ownership through: ‘product oriented approaches’ based on 
maintenance and extended warranties; ‘use-oriented approaches’ based on rentals, 
leasing or sharing; and ‘result-oriented approaches’ based on pay per use or functional 
use; and various product recovery networks variants aiming to create new forms of              
value and/or capture the value missed in a product lifecycle based on reuse, repair, 
refurbish, re-manufacture and/or recycle strategies. From a customer perspective   
there are examples such as: self-service, do-it-yourself, co-design, co-creation and   
co-innovation. In both cases, these existing business models have further development 
opportunities for creating more sustainable industrial ecosystems and consumer 
markets. Understanding and supporting the growth of green networked enterprises 
and green customers’ communities’ interactions is a current challenge but a need 
towards a sustainable production and consumption [29] and a Circular Economy (see            
Table 1, Fig. 5, and [19]). 

 
Table 1. A Business Model Framework for Sustainable Production & Consumption 

Building Blocks Description 
Value Proposition(s) ● Green Products ● Green Services ● Green Product-Service(s) 
Customer Segments ● Green Customers ● Green Consumers ● Green Communities 
Customer Relationships ● Green Purchasing ● Green After-Sales Services 
Channels ● Green e-Marketplace ● Green Brokers 
Key Partners  ● Green Manufacturers  ● Green Service Providers  ● Green Brokers 
Key Activities & Resources ● GVBE Management Systems  ● GVE Management Systems 
Cost Structure  ● Green Costing Models (e.g. Green Loans, Green Taxes) 
Revenue Streams ● Green Profit Models (e.g. Green Market Share) 

 
Networked
Enterprises

Interplay
Network

Customers
Community

 
Fig.5. Interplay Networks as a base for Sustainable Production and Consumption 



6   Conclusions & Further Research 

Dynamic F-GVEs represent an intelligent integration of green enterprises’ competences, 
best practices and technologies for creating and managing sustainable BTO supply 
networks in response to the development of sustainable (mass-) customised products. 

GVEs and their breeding environments [8] [9] represent a promising collaborative 
environment for enhancing green enterprises and green-minded customers’ readiness 
for collaboration in more sustainable industrial ecosystems and consumer markets 
needed for a true sustainable development [2].  

A multitude of options exist for the development of more sustainable industrial 
ecosystems and consumer markets, but sustainability of such strategic options needs 
to be based on new sustainable business models in order to guarantee their success 
[15] [28], nevertheless this is a research currently in a maturing stage. 

Future research aims to refine the F-GVE - dynamic forward supply network - 
model introduced, and the study, development and validation of its related business 
models for sustainable production and consumption.  
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Abstract. Global businesses are moving towards ‘glocalization’ and ‘mass-
customization’ strategies to serve in a more personal and sustainable way their 
customers. Advances in ICT and green manufacturing technologies are enablers 
of this phenomenon. This paper explores a new business model, and its related 
supply chain model, the Green Virtual Enterprise Broker, which is fully 
customer-driven and aware of the environmental footprint of products and 
services to serve customized and small series production demands. 

Keywords: Glocalization, Mass-Customization, Sustainability, Build-to-Order 
Supply Chains, Small Series Productions, Green Virtual Enterprise, Brokerage. 

1 Introduction 
To satisfy the consumers’ desire for personalized products, many manufacturing 
enterprises have nowadays diversified their product lines to appease every consumer 
taste. Nevertheless, this approach to product diversification has backfired, resulting in 
failed product launches, huge overstock and significant upfront costs, since a greater 
variety of product options usually leads to more dissatisfied consumers, due to raised 
expectations and unattainable perfection [1]. This reality has left many manufacturing 
enterprises with negative economic, social and environmental footprints that can be 
translated into capital losses on new product development investments, unsatisfied 
consumers in target customer segments, and wasted resources related to unsold 
products [2]. As a result, new business models, and their related supply chains, 
are required to support in a sustainable way the emerging consumer trends of               
mass-customization (small series production) and personalization (single product) to 
individual customers or communities [3], relying on novel production paradigms 
characterized by flexible open manufacturing networks of small production units. 
Furthermore, Internet sales, both B2C & B2B, have made any product globally 
accessible for purchase, but its delivery and provisioning of life cycle services is a 
different challenge for traditional business solutions. In this sense, the notion of a 
Glocal Networked Enterprise presents a promising hybrid agile and lean supply chain 
and business model that can effectively and efficiently support highly customized 
and service-enhanced products along their lifecycle by involving manufacturers, 
customers, communities, third-party logistics providers and local service suppliers in 
a business ecosystem. 



This paper explores a new business model, and its related supply chain model,            
the Green Virtual Enterprise Broker, which is fully customer-driven and aware of            
the environmental footprint of products and services along their lifecycle. 

2 Sustainable Customer-Driven Business Models 
New sustainable and customer-driven business models will continue emerging in                
the coming years due to the rapid advances in information and communication 
technologies, as well as in green manufacturing technologies, that have the potential 
to support a new generation of supply chain models. Such models will be characterized 
by the customer involvement in the supply chain as co-inventors (e.g. Quirky), co-
designers (e.g. mi Adidas), or even as part of the assembly and delivery activities (e.g. 
IKEA); retailers as virtual business brokers; independent manufacturers as product 
development networks; and independent suppliers as logistics and product servicing 
networks. As a result, future business scenarios are based on collaborative and 
participatory business models and networked enterprises [2].  

2.1. Sustainable Business Models 
Sustainable business models seek to go beyond delivering economic value - in 
accordance with a triple bottom line approach. According to Lüdeke-Freund [4] a 
sustainable business model seeks to create balanced social, environmental and 
economic value through integrating sustainability more fully into its business model 
and value proposition(s). Furthermore, Short et al. [5], define a sustainable value 
proposition as a long-term shareholder value created as a scalable source of 
competitive advantage by embracing opportunities and managing the risks/benefits 
associated with their economic, environmental and social developments. 

Moreover, Stubbs and Cocklin [6] state that sustainable business models use both 
a system and firm-level perspective, built on the triple bottom line approach, to define a 
supply chain model with a wider range of stakeholders.  

Sustainable business models require collaboration between companies, governments, 
communities and households; people and their communities play a critical role to bring 
such a change if provided with the smart thinking to increase efficiency and improve 
the usage of environmental resources, waste reduction and communal use of products 
or services (where possible) [7]. 

As a result, next generation supply chain models will be based on sustainable 
business models capturing economic value, while protecting the environmental and 
generating social value for the customer by improving his/her quality of life through 
highly customized value propositions.  

2.2. Customer-Driven and Community-Driven Business Models 
Customer preferences are an important element in any business model and supply 
chain, since economic value is captured from customers [8]. Customer value refers to 
what the customer wants with certain limitations related to his/her purchasing power 
[9]. Therefore, in this context a customer-driven business model can be defined as a 
business model that echoes the voice of the customer and aims to meet or exceed 
his/her personal preferences based on main basic judging elements, such as: product 
functional features, service mix and quality, total cost of ownership, social and 
environmental impact. 



Such customer-driven viewpoint, which can be seen as an on-demand manufacturing 
approach, can offer customers the opportunity for customizing or personalizing their 
products and manufacturing enterprises to increase their manufacturing resources 
productivity by avoiding unsold products.  

In addition, to create new sources of value, several industrial sectors are striving      
to provide integrated product-service solutions, breaking down the traditional barriers 
between products and services. Product-Service Systems (PSS) prevail as a systemic 
approach for enabling a strategic and managerial transition from selling the pure 
artefacts to deliver a customized and result-oriented solution providing a unique             
and positive experience to the user throughout his/her journey with the adopted 
solution [10]. 

With result-oriented solutions customers get the ownership benefits with less 
personal burden, cost savings and lower impact on environment, hence showing more 
captivating alternative to standard and traditional buying and ownership styles.           
The focus is not limited to the communal use of products and services, but the 
primary objective is to promote and encourage the active role of consumers towards 
sustainable communities. Collaborative lifestyles are ideas based on people with 
similar interests coming together to share and exchange less tangible assets such as 
time, space, skills and money. As a result, customer-driven models are escalating 
towards community-driven models, considering that the choices of the single 
customers are not taken on an individual base but rather with their explicit awareness 
of the benefits or the rebound effects that their decisions could exert on the community 
they belong to. Collaborative business models like: sharing, lending, exchange, 
swapping, and bartering are now able to operate again on a large scale, across 
geographic boundaries, thanks to the advent of modern technology [11]. 

3 Production Challenges in Small Series Productions 
Capturing sustainable value in small series productions and/or personalized products 
in a global marketplace requires the interplay of various collaborative networks (e.g. a 
business ecosystem), such as product development and servicing networks, including 
customers and local stakeholders, co-creating highly customized and service-enhanced 
products [12] [13]. 

In the following sections, different production approaches will be explored to offer 
highly customized products to single customers or community of customers in a 
sustainable way.   

3.1. Small Series Production (Special Edition Items) 
A Small Series Production (SSP) is characterized by a small run (small lot size) and a 
low number of repetitions (frequency a product run is repeated) [14]. From a 
marketing perspective, a small series production is known as a special edition, and 
represents a restricted number of products being produced every once in a while (e.g. 
season) with some extra materials of some kind included and/or certain level of 
customization. For example: textiles, clothing and footwear seasons collections. 

 
 
 
 



Small series productions, or special editions, call for a Configure-to-Order (CTO) 
production approach offering customers a standard customization based on a pre-
defined number of customization alternatives (e.g. a solution space1) aiming to satisfy 
their demand. Special editions are customized based on standard product designs, 
have a slightly higher cost, a limit variety, and are produced only when an order is 
placed.   

Table 1 presents some of the production and supply chain management (SCM) 
characteristics and challenges of a CTO operational model to support global small 
series productions. 
 

Table 1 - Production & Supply Chain Management Challenges in SSPs 
Process Characteristics Challenges 

Design & Engineering  Standard customization. 
 Medium customer-driven design. 

 Designs based on common parts 
and modular subassemblies. 

Production 

 Pull order system. 
 Medium volume.  
 Medium flexibility. 
 Medium to Short cycle time. 
 Medium inventory costs. 
 Medium total costs. 

 Inventory management across          
the supply chain. 

 

Logistics & Distribution  Medium to Short cycle time.  High supply chain management 
and integration. 

3.2. One-Time Production (Limited Edition Items) 
A One-Time Production (OTP) is characterized by a small run; i.e. only one small lot 
is produced and the product is not manufactured again (repetitions = zero) [14]. From 
a marketing perspective, a one-time production is known as a limited edition, and 
represents a restricted number of products being produced for a unique time with a 
particular design. For example: exclusive sport and luxury cars production.  

On-time productions, or limited editions, call for a Make-to-Order (MTO) production 
approach offering a high level of customization (one of a kind) and high quality. 
Limited editions are tailored (an exclusive design), have a high cost, a limit number of 
units, and are produced only when an order is placed.  

Table 2 presents some of the production and SCM characteristics and challenges 
of a MTO operational model to support global on-time productions. 

 

Table 2 - Production & Supply Chain Management Challenges in OTPs 
Process Advantages Challenges 

Design & Engineering 
 One of a kind customization. 
 Tailored customization. 
 None customer-driven design. 

 Low standard parts ratio. 
 Customization extent is high. 

 

Production 

 Pull order system. 
 Medium to low volume.  
 Medium flexibility. 
 Medium cycle time. 
 Low inventory costs. 
 Medium total costs. 

 Demand quantity is small. 
 Production planning based on 

order. 
 Manufacturing is trigger               

by customer orders. 
 Medium delivery time. 

Logistics & Distribution  Medium cycle time.  None supply chain integration. 

                                                           
1 A solution space encompasses all the possible designs a toolkit can produce. 



3.3. Personalized Production (Deluxe Item) 
A Personalized Production (PP) is characterized by a one-item production according 
to single customer requirements [14]. From a marketing perspective, a personalized 
production is known as a deluxe item, and represents a unique engineering design or 
significant customization according to be produced according to specific customer’s 
requirements. For example: a personalized competition sportswear or equipment for          
a professional athlete. 

Personalized productions, or deluxe items, call for an Engineer-to-Order (ETO) 
production approach offering a complete involvement of the customer in the item 
(product) design and engineering (e.g. unique design, set of part numbers, bill of 
materials, routing, etc.). Deluxe items are developed from scratch for each single 
customer, and therefore have a high cost and are produced only when an order is 
placed.  

Table 3 presents some of the production and SCM advantages and challenges of 
an ETO operational model to support global personalized productions. 

 

Table 3 - Production & Supply Chain Management Challenges in PPs 
Process Advantages Challenges 

Design & Engineering 

 High customization 
(personalization). 

 High customer-driven design    
(full involvement). 

 High product complexity. 

Production 

 Pull order system. 
 Low volume. 
 High flexibility. 
 Large cycle time. 
 None inventory costs. 
 High total costs. 

 Long delivery time. 
 
 

Logistics & Distribution  Large cycle time.  Long delivery time. 

3.3. Collective Production (Shared Item) 
A Collective Production (CP) is characterized by the production of a bundle of 

products and services according to the requirements of a close community of customers. 
From a marketing perspective, a collective production could be termed as shared item, 
since design, engineering and delivery requires a significant customization according 
to the specific local and cultural needs of the community sharing the common solution. 
For example: energy management systems, local mobility systems, healthcare systems. 

This kind of solutions call for a novel Participatory-Engineering-to-Order (P-ETO) 
production approach, since the whole community, through a participatory mechanism, 
needs to be involved in the definition of the requirements and the engineering of           
the shared solution. A top-down approach (without the involvement of the community 
since the beginning) would inhibit its widespread adoption. 

Some of the related challenges that can be foreseen are: (a) engineering and 
delivering community-driven solutions requires a variety of professional skills, 
including among others sociologists and urban planners; and (b) given the complexity 
and the local features of the solution, deriving from an integration of more products 
and services, the configuration of the supply chain would be one-of-a-kind, 
specifically designed and scarcely repetitive. 



Table 4 presents some of the production and SCM advantages and challenges of            
a P-ETO operational model to support global personalized productions. 

 

Table 4 - Production & Supply Chain Management Challenges in CPs 
Process Advantages Challenges 

Design & Engineering 

 High customization 
(personalization). 

 High customer-driven design (full 
involvement). 

 Long design and engineering 
time. 

 Contradictory requirements. 

Production 

 Pull order system. 
 Very low volume. 
 High flexibility. 
 Large cycle time. 
 None inventory costs. 
 High total costs. 

 One-of-a-kind supply chain. 
 
 

Logistics & Distribution  High service costs.  Long delivery time. 

4 Green Virtual Enterprise Broker/Brokerage and their Glocal 
Networked Enterprises  

Global businesses are moving towards glocalization (globalized but localized) [15] 
and mass-customization strategies to serve in a more personal and sustainable way 
their customers [16]. Authors define a Green Virtual Enterprise Broker (GVE-Broker) 
as a new business model where a focal enterprise 2  creates sustainable value by 
mobilizing and managing processes and resources rather than owning them. A GVE-
Broker business model relies on a Glocal Networked Enterprise (GNE) composed by 
a network of enterprises, with global presence as network, but with locally available 
skills or core-competences and resources at the localities of their member enterprises 
to better serve customers worldwide. 

A GNE is a breeding environment3 for the dynamic creation of Build-to-Order 
(BTO) supply chains [3], named: virtual manufacturing and/or service enterprises [2], 
to meet the specific requirements of customers, and at the same time adopt, under 
case by case bases (the business opportunity characterization) the proper supply  
chain strategy/model (e.g. agile, lean, flexible) to cope with the uncertainties faced              
by the demand and sustainable and competitive supply of small series productions  
and personalized products, and their related services [18]. By associating the right 
business partners in a Green Virtual Enterprise (VE), BTO supply chains [3] [16] can 
face the challenges of a customer- or community-driven and sustainable supply chain 
with global added value product-service systems as customized ‘value propositions’; 
at the same time they would achieve a sustainable competitive advantage through             
the efficient use of locally available resources and competences in glocal networked 
member enterprises to reduce costs, lead time, environmental footprint and social 
negative impacts.  

                                                           
2 A focal enterprise “is the initiator of an international business transaction, including 

multinational and small/medium size enterprises, that conceives, designs, and produce                 
the offerings (goods and services) intended for consumption by customers worldwide” [17]. 

3 A virtual enterprise breeding environment is a long-term strategic alliance of enterprises 
aimed at offering the necessary conditions to support the rapid and fluid configuration of 
virtual manufacturing and/or service enterprises [2]. 



GVE-Brokers activities will be performed by means of a web-based collaborative 
solution platform (e.g. an e-marketplace) for the realization of sustainable business 
ecosystems for the co-creation, manufacturing and delivery of customized product-
services in distributed markets. 

This web-based collaboration solution platform (see Table 5) will have a threefold 
service support offer for: (a) services for customers based on user toolkits4 for mass-
customization, personalization and participatory engineering of value propositions, 
where customers can access to a solution space for co-innovating, co-creating and/or              
co-developing his/her own products and services [19] [20] [21] [22], (b) services for 
GVE-brokers based on GVE creation tools named: opportunity identification and 
characterization, GVE rough planning, GVE partners search and suggestion, GVE 
composition, GVE partners negotiation, detailed GVE planning, GVE partners 
contracting, and GVE set-up [23] [24] [25], and (c) services for GVE coordinators 
based on GVE management tools such as: project planning and decision support, 
project execution and monitoring, and customer follow-up [23] [26]. 

 

Table 5 - The Green Virtual Enterprise Broker and its Solution Platform Overview 
Building Blocks Types 
Value Proposition(s) ● Mass-customized   ● Personalized   ● Shared 
Customer Segments ● Individual customers   ● Customer niche   ● Customer community 
Customer Relationships ● Customer-driven (co-innovation, co-creation, co-development) 
Channels ● e-Marketplace 
Key Partners  
(stakeholders) 

Glocal Networked Enterprise: 
● Manufacturers  ● Service Providers  ● Customers & Communities  ● Brokers 

Key Activities & 
Resources 

Front-end Intermediary Back-end 
User toolkits for:        

mass-customization, 
personalization and 

participatory 
engineering 

Broker toolkit for: 
● Opportunity 

characterization 
● Partners search and 

selection 
● Topology set-up 
● Schedule activities 
● Assign tasks 
● Allocate budget 
● Define KPIs 
● Identify risks 

Networked Enterprise 
toolkit for: 

● Monitor activities 
● Monitor finance 
● Monitor KPIs 
● Measure indicators 
● Manage exceptions 
● Monitor risks 
● Liability (guarantees)  

e-Marketplace Platform: An interactive environment for                      
value co-creation and collaborative supply chain management.  

Cost Structure  ● Costing models (e.g. variables costs + economies of scope). 
Revenue Streams ● Profit models (e.g. subscription fees + brokerage fees). 

 

User toolkits as virtual tools build an interface between manufacturers and service 
providers and their customers. User toolkits can be employed by manufacturers and 
service providers to get an exact purchase order and therefore produce customized 
products just when the customers need them and only in the quantity they are needed. 
Hence, user toolkits offer two advantages: (a) allow users to exactly specify their 
design preferences reducing the possibility of unsold products and increasing 
customer satisfaction, and (b) improve customer relationship [19] [20] [21] [22].   

                                                           
4 A user toolkit is a technology that allows users to design a novel product via trial-and-error 

experimentation and deliver them an immediate (simulated) feedback on the potential 
outcome of their design ideas [19]. 



GVE creation tools will support GVE-brokers to find glocally (globally and 
locally) the right GVE partners considering the availability of their green capabilities 
and capacities, cost, and localization in order to build the best supply chain possible 
with the shortest lead time, cost and environmental footprint. Within the GVE creation 
tools, those related to GVE partners search and suggestion will play a vital role to help 
GVE-brokers to find and evaluate different feasible GVE configurations with respect 
to customer-, economic-, social- and environmental- oriented criteria (e.g. customer 
preferences, production cost, delivery cost, lead time, footprint, green technologies, 
etc.) [23] [24] [25].  

Thus, GVE-brokers capability to dynamically create BTO supply chains, tailored 
within a glocal networked enterprise, seems to be the most promising sustainable 
strategy to support ‘glocal markets’ and respond to the quality-, time-, cost- and 
environmental- frames demanded by the consumers of customized and small series 
production products that want a premium customer service (attention) and the feel of 
proximity (near-by store) when it comes to the services associated to their products. 
In this scenario (see Fig. 1), glocal networked enterprises are an encouraging 
organizational model to enable agile, lean, and reasonably priced production and 
services activities glocally-wide [27]. 

 

 
Fig. 1. Glocal Networked Enterprise World-Wide Operations 

 

GVE management tools will support GVE coordinators in their main activity of  
orchestrating the glocal networked enterprise’s product development and servicing 
networks to strengthen a structure for ‘glocal operations’5 that responds to individual 
and niche customers’ needs on a global scale with the shortest lead time, cost and 
environmental footprint possible [23] [26]. GVE coordinators will formulate ‘glocal 
strategies’ to incorporate the adaptation of the network glocal core-competences and 
resources, business opportunities characteristics, and location of the glocal networked 
member enterprises to suit the requirements of a local customer and attain a new 
competitive advantage. GVE coordinators will utilize the glocal network experience 
for customizing products and services in such way that appeal to local/niche markets 
(small series productions) and single customers (personalization) [28] [29] [30]. 
                                                           
5 Glocal operations can be defined as strategies for providing a global offer while taking local 

related issues into account and therefore meeting certain local/particular needs or preferences, 
at lower costs due to the global edge of the networked enterprise [30]. 
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5 Conclusions and Future Work 
Glocal Networked Enterprises are becoming a needed reality in a globalized marketplace 
(e.g. e-commerce), aided by an emerging consumer trend for customized products, and 
supported by the progress in information, communication and production technologies 
(e.g. Big Data, Internet of Things, 3D printing). Furthermore, future glocal networked 
solutions will have to face the constraints to achieve an economically, socially               
and environmentally sustainable industrial landscape and marketplace in a global 
perspective [18]. 

Green Virtual Enterprise Brokers and their Glocal Networked Enterprises offer            
an encouraging organizational model for managing ‘glocal operations’ by means of 
the cooperation of manufacturing and service enterprises to fulfill world-wide various 
production and service provision needs. Hence, new markets are opening up for 
customized and small series production products and their related services but require 
new collaborative supply chain and business models [30]. 

 Further work is needed to develop not only new collaborative supply chain and 
business models but also new methods and (ICT) tools to enable ‘BTO supply chains 
for sustainable customer-driven small series productions’.   
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Abstract. This paper undertakes the conceptual development of Green Sensing Virtual Enterprises (GSVEs)   
and their potential application environments, as goal-oriented networks that are dynamically created and 
composed by a short-term alliance of green enterprises with sensing capabilities, whose interactions are 
enabled by sensor networks and supported by computer systems, in order to answer to collaboration 
opportunities requiring competencies beyond those available in any single enterprise, and will evolve              
or dissolve once their mission is accomplished. GSVEs are seen as the organisational counterpart of 
intelligent assets and smart products in an emerging Dynamic Cyber-Physical Circular Economy 
powered by pervasive digital transformation, where the synergy of the Internet of Things (IoT) paradigm, 
the Sensing Enterprise (SE) capabilities and the agile and environmental-friendly nature of Green Virtual 
Enterprises (GVEs) will unlock the full potential of circular business opportunities.    
Keywords: Green Virtual Enterprises, Sensing Enterprise, Breeding Environments, Intelligent Assets, 
Smart Products, Circular Economy, Internet of Things, Cyber-Physical Systems.  

1. INTRODUCTION 
Reflecting the necessary evolution from ‘business as usual’ in 
Circular Economy (EMF, 2016) eco-systems towards self-aware 
and proactive ones, where Sensing Enterprises (SEs) (FInES 
Cluster, 2011) and their dynamic value networks (Noran et al., 
2014) interact with intelligent assets1 (EMF, 2016) and smart 
products1

 (Kiritsis, 2011), this exploratory research work aims  
to unlock new ‘circular business’ opportunities (Bocken et al., 
2013) that can create significant sources of sustainable value 
for networked Small and Medium-sized Enterprises (SMEs). 
This endeavour presents as a necessity in the context of 
exponential growth of a Digital Economy (Deloitte Digital, 
2012) bringing closer than ever people, organisations and 
resources within (virtual) collaborative networks (Camarinha-
Matos et al., 2008; 2009; 2010), and thus connecting networked 
manufacturers and service providers with their value offers 
(e.g. product-service systems (Reim et al., 2015) by means of 
the Internet of Things (IoT) (Ashton, 2009), Cyber-Physical 

Systems (CPSs) (Lee, 2008) and Future Internet Enterprise 
Systems (FInES) (FInES Cluster, 2009) . 
Moreover, the Circular Economy (CE) is evolving towards             
a more Dynamic and Cyber-Physical form (DCPCE), where 
current circular business opportunities are being maximised 
by IoT, CPSs and FInES technologies and also creating              
new ones (e.g. digital servitization). In other words, creating 
new green revenue streams based on extending products’ use 
cycle (e.g. reuse, repair and other value-added service offers) 
and thus creating more value from each unit of resource 
recovered (e.g. refurbishment, remanufacturing and recycling) 
enabled by the possibility of identifying, authenticating, 
locating, tracking and remotely interacting with intelligent 
assets and smart products across their entire useful life. 
                                                 
1 A physical object that is able to sense, record and communicate information 
about itself and/or their surroundings (Kiritsis, 2011; EMF, 2016). 

2. SENSING ENTERPRISES AND                                
DYNAMIC VIRTUAL ENTERPRISES 

In the context of an ever increasing Networked and Digital 
Economy, successful enterprises are bound to exhibit increasing 
pervasiveness supported by IoT, CPS and FInES technologies, 
which are blurring their traditional boundaries to such extent 
that stimuli coming from within vs. outside of the enterprise 
can no longer be effectively distinguished. In fact, it is not 
characterised only by awareness (as the term implies), but also 
by decentralised intelligence (Noran et al., 2014).  
A SE can be described as “an enterprise that can foresee future 
decisions by using multi-dimensional information captured 

through physical and virtual objects so as to enhance its global 
context awareness” (FInES Cluster, 2011). SEs also feature 
decentralised intelligence, relevant not only to collaborative 
decision making, but also to purposefulness and well-being of 
the human side; thus, a SE can in fact be considered a ‘social’ 
enterprise. The ‘liquid’ (ubiquitous) character increasingly 
attributed to the SE is owing to the trend of sensors becoming 
a shared commodity (FInES Cluster, 2011) that allows other 
organisations to provide value-added services, based on 
observations of these sensors (Noran et al., 2014).  
The typical key capabilities of the SE are awareness, 
perceptivity, intelligence and extroversion (Zdravković et al., 
2014). Awareness can be internal (self-), environmental 
(external-) but also universal – enabling the observation of 
unknown or unexpected sources, whether multi-modal, multi- 
dimensional, discrete or continuous. Perceptivity is a capability 
of an SE to assign a meaning to an internal or external 
observation and then decide on a suitable course of action              
as a result of a cognitive process using intelligence. SE 
extroversion relates to the willingness and capability of                
the SE to articulate its actions and demonstrates its business 
motivation and/or a concern about its physical and social 
environment (Zdravković et al., 2014; Noran et al., 2014).  



 
 

 

In this context, previous research by Noran et al. (2014) has 
attempted to define a new type of Virtual Organisation (VO), 
necessary to address shortened collaboration opportunity 
windows and ever faster changing environments of 
collaborative projects. Thus, the so-called ‘third generation’ 2 
VO-types emphasised not only the dynamic VO creation 
process (specific to the second generation), but also VO’s 
‘agile’ behaviour during its lifecycle (cf. operation/evolution 
stages). Thus, a truly Dynamic VO (DVO) would be capable 
to recognise and promptly react to changes in the environment 
during its operation/evolution and therefore survive and   
adapt to change. As it became increasingly obvious that              
the organisational behaviour attributed to DVOs matched                  
that of what had been described above as the ‘Sensing 
Enterprise’, Noran et al. (2014 advocated that the SE be             
the basis of the DVOs. This stance is adopted by the authors 
of this paper and used in this research work. 

3. DYNAMIC CYBER-PHYSICAL                               
CIRCULAR ECONOMY ENABLERS 

The first source of sustainable value and enabler for a             
DCPCE relies on Collaborative Networked Organisations 
(CNOs) as ‘virtual’ (lacking a true physical manifestation per 
se) organisational forms able to grant SMEs the capability             
of bidding for and successfully completing projects that           
require capabilities beyond those of any individual member 
(Camarinha-Matos et al., 2009). A CNO is defined as                   
“a network consisting of a variety of organisations that              
are largely autonomous, geographically distributed, and 
heterogeneous in terms of their operating environment, 
culture, social capital and goals, but that collaborate to better 
achieve common or compatible goals, and whose interactions 
are supported by computer networks” (Camarinha-Matos et 
al., 2008; 2009). In this paper, special attention is given to   
the goal-oriented CNO-type known as Virtual Enterprise 
(VE), “a short-term and dynamic coalition of enterprises that 
may be tailored with a breeding environment to respond                   
to as single collaboration (business) opportunity, through 
integrating their core-competencies and resources required to 
meet or exceed the quality-, time- and cost- frames expected 
by the customer” (Camarinha-Matos et al., 2008; 2009).           
The authors focus on a particular VE-subtype known as 
Green Virtual Enterprise (GVE), “as a short-term agile 
alliance of green networked enterprises focused on offering, 
delivering and recovering green products to/from the market, 
under a lifecycle (circular) thinking” (Romero & Molina, 
2010; 2011). Moreover, depending on its goal (delivery or 
recovery), a GVE can be tailored to become a dynamic 
forward supply network for delivering new green products            
to the market (cf. F-GVE, (Romero & Molina, 2014)), or a 
dynamic reverse supply network for recovering products for 
service provisioning, product refurbishment or safe disposal 
(cf. R-GVE, (Romero & Molina, 2013)). 

                                                 
2 First Generation VOs were created from an ‘open universe’ of organisations, 
while Second Generation featured breeding environments (VBEs) to increase        
the preparedness of potential VO partners towards rapid VO creation and 
configuration; however, it must be noted that the resulting VOs were not 
very agile in their operation; this represented an opportunity for improvement 
reflected in the development of a Third Generation VOs (Noran et al., 2014). 

The second source of sustainable value and enabler for                 
a DCPCE relies on the ever increasing variety of new 
‘intelligent assets’ and ‘smart products’ having various 
degrees of ability to sense, store and communicate 
information about themselves and/or their surroundings in 
order to expose (new) servitization (e.g. maintenance, repair 
and overhaul) and circularity (e.g. reuse, refurbishment, 
remanufacture and recycling) business opportunities (Kiritsis, 
2011; EMF, 2016; Romero & Molina, 2013; 2014; 2015). 
This intelligence (‘smartness’) is enabled by the IoT paradigm, 
transforming previously passive assets and products into 
‘live’ (active) entities capable of sharing information about 
their location, condition and availability; moreover, these  
live entities would also be capable to trigger a call for action,           
e.g. for service provisioning to be provided by their Original 
Equipment Manufacturer (OEM). As a result, intelligent 
assets and smart products become ‘omnipresent things’ that 
rely on an ‘alert’ OEM across their useful life (lifecycle), 
who continuously senses their status and requirements for               
ad-hoc service provisioning.      
Based on the next generation assets and products scenario 
described above, the third source of sustainable value and 
enabler of a DCPCE identified by the authors relies on                
the sensing capabilities of the intelligent assets and smart 
products manufacturers and service providers - in other 
words, on the SEs (see Section 2), which are “[…] capable  
of anticipating future decisions by using multi-dimensional 
information capture through physical and virtual objects            
and providing added value information to enhance its global 
context awareness” (FInES Cluster, 2011; Noran et al., 2014). 
Thus, manufacturing and service provisioning enterprises will 
appropriately sense and capture the necessary information in 
real-time from intelligent assets and smart products and                 
their environment, thus providing the enterprises belonging        
to that asset- or product value chain with ‘sense and respond’ 
capabilities for a wide-ranging set of business stimuli.   
In this paper, the authors employ the above-described concepts  
in exploring the conceptual development of Green Sensing 
Virtual Enterprises (GSVEs), as goal-oriented cohesive and 
loosely coupled mini-networks that are dynamically created 
and are typically composed by a short-term alliance of            
green enterprises with sensing capabilities, whose interactions 

are enabled by sensor networks and supported by computer 
systems. GSVEs are created in order to rise to a collaboration 
opportunity and will dissolve once their mission is 
accomplished [see Figure 1].  
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Figure 1. Green Sensing Virtual Enterprise Qualities of Being  



 
 

 

4. TOWARDS GREEN SENSING VIRTUAL ENTERPRISES 
GSVEs are characterised by their green, sensing and virtual 
‘Qualities of Being’ (FInES Cluster, 2009). Their green 
quality will come from the aim of incorporating principles of 
sustainability into each of its business operations, ensuring 
that all products, processes, manufacturing and logistics 
activities adequately address all environmental concerns 
while maintaining a profit (Romero & Molina, 2010; 2011). 

The inherited sensing qualities of a GSVE manifest in                 
the context specific decentralised intelligence and data  
fusion (Guiry et al., 2014) capabilities; thus, awareness (self-, 
environmental and universal), perceptivity, intelligence and 
extroversion properties enable a GSVE to sense a phenomenon     
or event within itself or its surroundings, assign meaning to 
that phenomenon or event encompassing assertion, storing 
and acquisition of behaviour patterns based on post-mortem 
analyses, and articulate its actions regularly and upon request 
(Noran et al., 2014). GSVEs’ virtual quality will come from 
the fact that the participant networked Green Sensing 
Enterprises (GSEs) appear to the outside environment as               
a single entity, despite actually being community of 
autonomous and geographically distributed enterprises linked 
via intelligent communication and coordination mechanisms 
(adapted from Camarinha et al., 2008; Romero & Molina, 
2010; 2011; Noran et al., 2014).  
GSVEs possess, like their member SEs, context awareness by 
means of sensor networks composed by various IoT-enabled 
‘things’ that include the intelligent assets and smart products 
under their stewardship, making possible the discovery of 
new collaboration (business) opportunities and therefore         
new revenue streams based on novel (e-)services. GSVEs 
also manifest dynamic configurability so as to support an agile           
CE eco-system that creates Forward GSVEs (F-GSVEs) and 

Reverse GSVEs (R-GSVEs) capable of taking advantage of 

short-term collaboration (business) opportunities for offering, 

delivering (‘forward’) or recovering (‘reverse’) green products 
to/from the market and transforming them within a circular 
market. Finally, GSVEs will display multi-identity by allowing 
the participating GSEs (GSVBE members) to be partners in 
multiple F-GSVEs and R-GSVEs, where their unique skills 
or core-competencies and resources can be optimally used for 
value adding.       
Furthermore, in order to increase the context awareness of 
GSVEs towards the identification of collaboration (business) 
opportunities triggered by endogenous events (e.g. a partner 
sensing enterprise, or an intelligent asset, or a smart product 
under the GSVE stewardship) or exogenous phenomena (e.g. 
an emerging opportunity discovered using big data analytics 
and forecasting (Ferreira et al., 2012), the authors propose  
the creation of an ‘agent-based brokerage e-service’ for               
GSEs (Petersen et al., 2008; Chen & Wang 2008) capable of 
triggering the prompt formation of F-GSVEs and R-GSVEs 
according to the identification, characterisation and planning 
of collaboration (business) opportunities sensed. GSVE Brokers 
build on concepts espoused by Molina et al. (2007), Romero 
& Molina (2014) and Romero et al. (2014) can be defined             
as business entities and/or agents responsible for searching 

(sensing) opportunities in the global environment and enabling 
the dynamic creation of F-GSVEs and R-GSVEs. 

Likewise, when it comes to increasing the dynamic creation 
and operation (configurability) of GSVEs, the authors propose 

the use of Virtual Enterprise Breeding Environments (VBEs) 

paradigm for the creation stage and the ‘SE capabilities’              
for the operation and evolution stages of the GSVE lifecycle 
(creation, operation/evolution and dissolution). Thus, Green 
Sensing Enterprise Breeding Environments (GSVBEs), as                 
long-term strategic networks, will allow a more effective              
and dynamic GSVEs creation process in response to the 
requirement to capture collaboration (business) opportunities 
on short notice, thanks to their main purpose – increasing the 
preparedness of their members towards rapid configuration 
and creation of GSVEs by negotiating in advance a set of 
cooperation agreements and common operation principles, 
interoperable systems and ontologies (Camarinha-Matos et al., 
2008; 2010; Romero & Molina, 2010; 2011). In this context, 
the GSVBE members, i.e. GSEs acting as GSVE partners, 
will use their ‘sensing capabilities’ to recognise and promptly 
react to changes in the environment during its operation/ 
evolution and therefore survive and even thrive on change, 
thus becoming truly dynamic GSVEs (Noran et al., 2014). 
A multi-identity of GSVBE members will also manifest, 
supported and managed at the GSVBE level by means of               
a set of membership, profiling, competency and rewarding 
mechanisms (Afsarmanesh et al., 2008) and at GSVE level  
by tools enabling GSVE partners search, suggestion and/or 
selection (Baldo et al., 2007; Camarinha-Matos et al., 2008). 
Thus, GSEs (GSVBE members) can simultaneously participate 
in various GSVEs, providing their green capabilities across 
multiple value chains/networks (e.g. F-GSVEs and R-GSVEs) 
(Zhang et al., 2010; Romero & Molina; 2013; 2014).   
GSVEs ‘green’ and ‘circular’ enhanced capabilities will arise 
(a) from the dynamic and flexible creation of F-GSVEs and 
R-GSVEs within a GSVBE, subsequently enabling dynamic 
and virtual closed-loop (circular) supply networks able to 
address circular market business opportunities and (b) from 
the integration of specific green core competencies and 
resources of the GSVE partners in order to achieve higher 
levels of ‘green’ operation (Romero & Molina, 2012). 

5. THE GSVE LIFECYCLE: CREATION, 
OPERATION/EVOLUTION & DISSOLUTION 

The following collaborative scenario aims to present a              
green, sensing and virtual business eco-system of enterprises 
(cf. breeding environment) transforming a typical Circular 
Economy (CE) environment into a Dynamic Cyber-Physical 
Circular Economy (DCPCE).  
5.1 GSVE Lifecycle Creation Stage 

In the envisaged networked organisational set-up, F-GSVEs 
and R-GSVEs will be dynamically created within a Breeding 
Environment (BE) that reacts to a circular business opportunity          
in a prompt and agile manner, in order to cope with todays’ 
disruptive, global and ultra-competitive market environment.  
The GSVE creation stage activities include the following:              
(1) collaboration opportunity identification, (2) collaboration 
opportunity characterisation and GSVE rough planning,               
(3) partners search and selection, (4) negotiation, (5) detailed 
planning and (6) contracting. Traditionally, VE creation is 

triggered by a VE ‘broker’ (who may or may not also be one 



 
 

 

of the VBE members) supported by a set of Information 
Systems (IS). As brokerage technology evolves and matures 
(using e.g. a multi-agent paradigm), Next Generation GSVE 
brokers are expected to be built on agent-based brokerage             
e-services, sensing and, when the ‘right’ conditions are                
met (determined using ‘sense-making’ of the data collected, 
employing their intelligence), triggering GSVEs formation. 
Such evolved broker agents can be networked SEs, intelligent 
assets or smart products acting as a kind of ‘radars’ displaying 
self- and environmental awareness and being in perfect 
‘osmosis’ with their eco-system (Santucci et al., 2012), while 
delivering real-time relevant data for business opportunities’ 

identification. For example: (a) a GSVE member could be 
continuously sensing and analysing the received data in order 
to discover possible consumer trends and thus infer potential 
circular business opportunities, (b) an intelligent asset may                 
be  alerting the ‘GSVE broker’ on the need for a preventative 
maintenance service, therefore triggering the broker into 
kick-starting a F-GSVE creation process, and/or (c) a number 
of smart products could be notifying their imminent end-of-
life, thus triggering a R-GSVE creation process by the GSVE                            

for the potential recycling opportunity. 
Furthermore, since SEs, intelligent assets and smart products 
are capable of continuously logging and communicating 
information about what they are sensing, the resulting 
information (e.g. location, condition, availability, etc. – 
typically filtered to some degree to avoid noise) can be 
shared so as to facilitate the collaboration opportunity 
characterisation (cf. green competencies and resources 
requirements) and GSVE rough planning (cf. identification  
of competencies and capacities available and of possible 
network topologies and configurations). As a first example,                   
a GSVBE member would be able to actively monitor (sense) 
in real-time calls for certain capabilities (including capacities) 
and availability for joining a F-GSVE or R-GSVE in 
formation, as requested by an active GSVE broker; at the 
same time the GSVBE member can verify if such capabilities 
and availabilities are available according to the GSVE rough 
planning project schedule (e.g. work break-down structure 
and schedule) in its cyber-physical production system3 (e.g. 
raw material inventory and machine tools capabilities, 
capacity and availability) and inform back automatically 
(possibly through intelligent agents) the GSVE broker. As              
a second example, intelligent assets (e.g. a machine tool or              
a transportation vehicle) as part of the cyber-physical 
production and logistics system3 of a GSVBE member or a 
GSVE partner will be able to share information about 
themselves (e.g. asset availability, location, condition, usage, 
cost, etc.) in order to facilitate not only the creation of                      
a suitable GSVE, but also its operation within the set 
parameters and if needed, even its evolution, since the cyber/ 
digital representation of such ‘intelligent assets’ will allow 
creating virtual models and executable simulations for                 
their (re-)configuring, (re-)scheduling, (re-)allocating and 
optimisation during the GSVE’s lifecycle. A third example 

                                                 
3 A physical and computational (cyber) network of components controlled or 
monitored by computer- based algorithms, tightly integrated with the Internet 
(of Things) (Lee, 2008). 

relates to smart products, which could, during their useful 
life, share valuable information about themselves (e.g. usage, 
support, maintenance, etc.) in order to improve the design 
and engineering of the future smart products to be produced 
by the GSVE [see Figure 2]. 
As previously mentioned, GSVBE members and their 
intelligent assets’ (cf. cyber-physical production and logistics 
systems) real-time information sharing capabilities will 
facilitate the GSVE partner search and selection process of 
the GSVE broker thanks to the availability of current and 
appropriately detailed information about the potential GSVE 
partners’ capabilities, capacities and availability (to the level 
of a particular intelligent asset) to join a F-GSVE or R-GSVE. 

This shareable information about the potential GSVE partners 
and their intelligent assets (e.g. asset availability, location, 
condition, usage, cost, etc.) will also facilitate a transparent 
negotiation and contracting process as well as supporting            
the evolution of the GSVE rough planning into detail planning. 
5.2 GSVEs Lifecycle Operation/Evolution Stage(s)  

Typically, every enterprise faces changes in its environment 
during its lifecycle. This is all truer nowadays, when agility   
is essential to survive the increasingly disruptive, volatile and 
turbulent global marketplace. Agility reflects the capability to 
promptly adapt and thus to re-design itself ‘on the fly’ (while 
operating) to a certain extent. This is of course also true in the 
case of VEs and GVEs; their agility expresses the capability 
to change without significant broker intervention and in fact, 
their capacity to endure (i.e. avoid the need for dissolution 
and re-creation of a more suitable VE by the VBE). Thus,            
an agile (G)VE is likely to have an increased chance of 
seeing to completion the project it was set-up for. 

In the case of (forward or reverse) GSVEs, their composition 
(GSVBE members) will enable them to inherit the ‘sensing’ 
properties of its participants. Thus, a genuine GSVE will use 
self-, environmental and universal awareness, perceptivity, 
intelligence and extroversion capabilities in order to cope 
with changes in its mission/goal (Noran et al., 2014).                 
To exemplify, self-awareness will enable a GSVE to monitor 
its own performance in relation to the fulfilment of its 
mission and trigger a self-re-design when necessary, with 
little or no intervention from the broker or the GVBE. For 
example, if an F-GSVE becomes aware that, due to its own 
operating parameters set during creation, it will not be able to 
meet the deadline for the peak demand for a green product 
(determined based on its environmental and universal 
awareness as further shown), it would be able to re-design 
itself to correct that trend. The self-awareness would also be 
useful to monitor the results and alert the GSVE broker/ 
coordinator or GSVBE manager if the re-design did not                
in fact produce the desired results and a dissolution and                 
re-creation would be required instead. The GSVE’s 
environmental and universal awareness will be very useful            
in its continuous performance self-assessment, in view of 
changing external parameters. For example, an F-GSVE 
could become aware (e.g. based on on-going data analytics 
and past trends) that the demand for a specific green product 
would in fact peak at a different point in time than predicted 
and thus the optimal launch point would need to be adjusted,
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Figure 2. Green Sensing Virtual Enterprise Lifecycle - Scenario

which would trigger (in escalating order) changing operating 
parameters, partial re-design, or triggering for dissolution or 
prompt re-creation. The extent and pace of self- and real-time 

re-design would be determined using the perceptivity (making 
sense of the observations resulting from awareness) and 
intelligence (making decisions based on this sense making). 
Another consequence of intelligence would the GSVE 
exhibiting learning organisation behaviour so that future 
responses to similar challenges are optimised rather than 
mechanistically repeated and thus, agility is enhanced. 
Extroversion, as another sensing property inherited from           
the GSVBE members, would be essential in (1) explaining 
and documenting the need and decision for re-engineering 
and (2) sharing the ‘lessons’ thus learned with the GSVBE 
members and herewith contributing to a higher level of 
knowledge within the network of GSVBE members (and if   
so decided, the creation of partial models – templates – to 
speed-up future GSVEs creation). 

To extend the previous example to an R-GSVE, such an 
enterprise could learn via environmental and/or universal 
awareness that a different quantity or type of smart products 
is nearing its end-of-life and perhaps earlier than expected 
and that, according to information gathered via self-awareness 
and processed using its perceptivity, it will not be able to 
recycle them according to the performance parameters set by 
the GSVBE. Then, based on its intelligence, it could make a 
decision on the feasibility and extent of real-time self-re-
engineering (or rather dissolution and re-creation) and 
communicate this to the GSVBE members using its 
extroversion [see Figure 2]. 
5.3 GSVEs Lifecycle Dissolution Stage 
The typical VE dissolution occurs at the end of the project   
the virtual enterprise was created for, or if the VE is no 
longer fit for purpose. This is still true in the case of sensing 
enterprises; however, as previously shown in this scenario   
the GSVE can itself call for dissolution if it determines, based 
on its awareness properties, that it cannot evolve enough to 

meet the required performance level due to changes in                 
the environment. It must be also noted that the number of 
GSVE set-ups and dissolutions may be significantly reduced 
due to their agility. Thus, the GSVEs may adapt enough                
to keep within the established parameters (by the GSVBE   
and GSVE brokers/coordinator) in the face of changes in 
their environment and may even be able to be ‘kept alive            
and re-used’ for different projects if they are able to self-              
re-engineer enough so as to cope with the different scope             
of the new project. This is a significant departure from                  
the classing meaning of Virtual Enterprise; brought about as 
a necessary response to the current economic realities and 
enabled by the sensing properties of the GSVBE members 
and the GSVEs they participate in.  
In addition, under a ‘knowledge management’ perspective            
(cf. GSVE inheritance - Karvonen et al. 2007), the debriefing 
and storing of ‘lessons learned’ (Loss et al., 2006) in various 
forms (such as e.g. reference model repositories to accelerate 
future virtual enterprises creation) is significantly facilitated 
by the intelligence and extroversion of the GSVEs’ sensing 
capabilities, which will decide on the meaning of the events 
in its life and what is significant enough to be shared with          
the GSVBE network [see Figure 2]. 

6. CONCLUSIONS AND FURTHER RESEARCH 

Initially triggered by the fast evolution of Information and 
Communication Technology (ICT) and ensuing globalisation, 
the business environment turbulence and transformation                
is becoming increasingly radical, owing among others                
by disruptive technologies such as IoT and CPSs. In order             
to survive, enterprises of all types need to develop new 
properties enabling them to cope with and ideally, thrive              
on such sweeping environmental changes. This paper has 
performed a preliminary conceptual development of a new, 
sensing generation of green VEs (building on previous 
research by Noran et al. (2014) and Romero & Molina   
(2013; 2014) that have the potential to enhance significantly 



 
 

 

the GVE and GVBE paradigms owing to the four essential 
properties characterising sensing enterprises. After describing 
how these properties apply specifically to GVE and GVBEs, 
the paper has also tested the concept by illustrating several 
lifecycle stage scenarios of GSVEs, namely creation, operation/ 
evolution and dissolution. The conclusion is that the new 
generation of GSVEs (created or not by GSVBEs) is a 
feasible concept that can be a main enabler for evolving             
the classic Circular Economy paradigm into a Dynamic 
Cyber-Physical one enabled by the IoT, CPSs and FInES 
technologies in order to be able to unlock the full potential of 
circular business opportunities in an emerging disruptive 
green and circular business environment.  

While the preliminary results are promising, more research               
is required in order to further test, validate and mature                 
the concepts herewith proposed. 
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Abstract: This paper aims to propose a novel ‘systems of systems engineering’ approach in order to 
achieve ‘sustainability as a property’ for Green Virtual Enterprises and their Breeding Environments. 
The research work aims to support the engineering of sustainable and viable industrial systems that can 
support a transition to the Circular Economy by engineering them to act in productive harmony and with 
restorative purposes with the ecosphere (e.g. virtuous business value cycles). 
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1. INTRODUCTION
Collaborative Networked Organisations (CNOs) can be 
considered complex systems of systems (SoS) [Bilal et al., 
2014] that emerge in many organisational forms in various 
domains and application environments demanding proficiencies 
beyond those of any individual organisation. The study of 
CNOs typically requires the contribution of several disciplines 
towards conceiving reference frameworks and methodologies 
for their sustainable creation, operation and evolution, possible 
metamorphosis and in some cases required correct dissolution 
[Camarinha-Matos & Afsarmanesh, 2005]. 
Systems of Systems Engineering (SoSE) continues to emerge 
as a multidisciplinary field to address complex problems in 
diverse domains, including sustainability with its five main areas: 
Environmental, Socio-Cultural, Technological, Economics, 
and Public Policy, as described by the Joslyn Institute for 
Sustainable Communities.  
In this paper, authors focus on the engineering of sustainability 
as a property of two types of collaborative organisational systems: 
(a) Virtual Enterprises (VEs) seen as short-term and goal-oriented 
networks, tailored within a so-called ‘breeding environment’ for 
responding to a particular collaboration (business) opportunity, 
and (b) Virtual Enterprise Breeding Environments (VBEs) as  
long-term supporting networks for dynamic VEs creation 
[Camarinha-Matos & Afsarmanesh, 2006a; Romero & Molina; 
2010b, 2011].  
Note that, from a SoSE perspective, a VBE represents a system 
consisting of several other systems represented by the VBE 
members (also known as VE partners), that is a ‘meta-system’ 
for a set of systems created with its support (namely the VEs) 
[Romero & Molina, 2012  ̧Bilal et al., 2014].  
The concept of sustainability takes a twofold meaning in this 
paper: on one hand it represents the capability to endure over 
time so as to continue to provide the capabilities and outcomes 
consisted with the assigned mission or purpose [Katina et al., 
2014]; on the other hand, it is the capability to create and 
maintain the conditions under which industrial and natural 
systems can exist in productive harmony, allowing the 
fulfilment of economic prosperity, environmental quality and 

social equity for present and future generations [adapted from 
United States Environmental Protection Agency]. 
The aim of this paper is to engineer sustainability - in its dual 
meaning hereby defined - for VEs and their VBEs in order to 
support the transition of industrial systems to the so-called 
Circular Economy [Romero & Molina, 2012; Noran & Romero, 
2014]; this should enable them to act in productive harmony 
and with restorative purposes with the ecosphere so that their   
existence can allow the creation of virtuous business value 
cycles and help restore natural capital.  
In other words, this research explores a SoSE-based approach   
to engineer sustainable and viable industrial systems towards 
achieving an industrial ecology, i.e. the harmonious co-existence  
of industrial and natural ecosystems. 

2. SoSE AND CNOs
SoSE aims towards the coordination and integration of multiple 
complex systems while ensuring the sustainability of the newly 
created system of systems as well as the continuing viability of 
the constituent systems [Katina et al., 2014]. However, ensuring 
the system of systems capability to endure in time and perform 
within certain economic prosperity, environmental quality 
and social equity levels requires a special SoSE approach. 
We propose an approach driven by Gagnon et al.’s [2008] 
Sustainable Engineering Principles (see Table 1), in addition to 
complying with the foundations set by Beer’s Viable System 
Model (VSM) sub-system functions: productive, coordination, 
operations (including monitoring), development (including 
learning and transformation), and identity [Beer, 1985; Keating 
& Katina, 2012]. 
Table 1. Sustainable Engineering Principles [Gagnon et al., 2008] 

Ec
on

om
y 

 Include consumption and production goods and services into 
technical and natural cycles. 

 Support innovation to ensure continuous production quality  
of goods and services. 

 Maximise the impacts of projects on the labour market and  
on the quality of jobs. 

 Verify that the total benefits generated exceed total cost over  
the whole of a project’s lifecycle. 



 
 

     

 

En
vi

ro
nm

en
t 

 Preserve biodiversity considering the potential impacts of  
a project all over its lifecycle. 

 Keep the impacts of projects within the affected ecosystems’ 
carrying capacity. 

 Limit or avoid the use of non-renewable resources during  
a project’s lifecycle. 

 Spread information on the impacts to increase awareness and 
responsibility. 

So
ci

et
y 

 Contribute towards a safe and healthy environment along  
all phases of a project’s lifecycle. 

 Help customers discriminate needs from longings so they can 
truly increase their wellbeing. 

 Ensure that projects contribute towards development of involved 
people and communities. 

 Distribute the benefits and costs resulting from a project in a fair 
manner. 

Re
la

tio
ns

 

 Enforce the precaution principle when a project may cause severe 
social or environmental harm. 

 Seek for involvement from stakeholders and other professionals  
to find holistic solutions. 

 Identify, evaluate and internalise externalities when the context 
makes it possible. 

 

A CNO is a network consisting of a variety of organisations and 
their related support institutions that are largely autonomous, 
geographically distributed, and heterogeneous in term of their 
operating environment, culture, social capital and goals. These 
organisations  collaborate to achieve common and compatible 
goals thus jointly generating new value [Camarinha-Matos & 
Afsarmanesh, 2005; 2006a].This definition of CNOs allows 
them to be engineered as systems of systems (SoS) complying 
with the seven essential characteristics required, namely: 
diversity, operational independence, geographic distribution, 
managerial independence, evolutionary development, emergent 
behaviour and connectivity - correspondingly [Maier, 1998; 
Stevens Institute of Technology, 2006; Bilal et al., 2014].  
SoS and CNOs lifecycles pose strong similarities: (a) in the 
VBE case: the SoS assembling or creation stage corresponds          
to VBE planning, incubation and members recruitment 
according to core-competencies and capabilities; The SoS 
connectivity (operation stage) corresponds to the start of the 
VBE and its members’ cooperation by sharing information, 
resources and responsibilities to jointly plan, implement and 
evaluate a program of activities for working together; SoS 
evolution (evolution and metamorphosis stages) corresponds                 
to the VBE adapting  to internal and/or external factors                         
to maintain its sustainability; and finally, the SoS dissolution 
stage corresponds to the  VBE ceasing to exist and storing or 
transferring its accumulated knowledge to other VBEs to 
enhance their sustainability [Romero et al., 2010a; Bilal et al., 
2014]. (b) in the VE case: the SoS assembling or creation stage 
corresponds to a sub-set of VBE members starting their 
preparation to participate in a VE as partners, including                                         

the collaboration (business) opportunity identification and 
characterization, VE structure planning, VE partners’ search, 
suggestion, negotiation and selection, and VE composition.  
The SoS connectivity (operation stage) corresponds to the VE 
consortia set-up and to VE partners starting to execute their                                           
join plan of activities. The SoS evolution stage corresponds   
here to the adaptation of the initial VE plan of activities                       
by rescheduling and/or reconfiguration in order to follow as 
close as possible the original plan objectives; finally, the SoS 

dissolution stage corresponds to the VE ceasing to exist and 
sending feedback towards its parent VBE in order to enhance 
the network knowledge and thus future VEs sustainability 
[Romero et al., 2010a; Bilal et al., 2014]. 

3. THE THREE INTERRELATED PILLARS OF 
SUSTAINABILITY IN CNOs OPERATIONS 

Ensuring CNO sustainability requires it to be economically 
prosperous, environmental friendly and socially equitable – 
thus, a threefold interrelated challenge. From the point of view 
of SoSE, these three CNO sub-challenges are the nature                   
of the SoS (the economic industrial system - technosphere),                   
the landscape of the SoS (the environment or natural ecosystem 
- ecosphere), and the variety in perspectives of the SoS                   
(the society ecosystem - humansphere) [adapted from Katina et 
al., 2014].  
Thus, creating a sustainable CNO SoS (in other words ensuring 
its specific unique green* characteristics), involves its engineering 

according to Sustainable Engineering Principles as a basic 
requirement. This approach can be enriched (‘greened’) with 
other sustainable principles such as Circular Economy (see 
Table 2) [Ellen MacArthur Foundation, 2012]. For example, 
Romero & Molina [2011] have developed a Green Virtual 
Enterprise  Breeding Environment (GVBE) Reference Framework 
as a common architectural framework (AF) offering a clearly 
defined approach for conceiving sustainable, flexible and 
dynamic forward [2014] and reverse [2013] supply networks 
within a breeding environment [2010] and offering the necessary 
‘circular’ conditions [2012] to efficiently promote the sharing, 
re-use and recycling of resources such as information, material, 
water, energy and/or infrastructure (services), based on a set of 
five building blocks: targets, main actors, operating principles, 
lifecycle support and enabling technologies. 

Table 2. Circular Economy Founding Principles                                
[Ellen MacArthur Foundation, 2012] 

Circular Economy Founding Principles 
 Waste is food - Eliminate/Reduce waste by cascades and reverse 
cycles, and cross-cycle/cross-sector collaboration.  

 Diversity is strength - Connections and scales are more ‘resilient’  
in the face of internal and/or external shocks, than systems built just  
for efficiency. 

 Energy must come from renewable sources - ‘Current sunshine’. 
 Prices must tell the truth - Reflecting the real cost of goods and 
services (environmental, social and economic impacts or footprints).  

 Systems Thinking - Understand how things influence one another 
within a whole. 

Circular Economy Encompassing Principles 
 Biomimicry - “innovation inspired by nature”. 
 Industrial Ecology - “closed-loop processes in which waste is seen as 
input for another process”. 

 Cradle to Cradle - “industrial systems must protect and enrich natural 
ecosystems (regenerative)”.   

 Blue Economy (Manifesto) - “using the resources available in 
cascading systems, the waste of one product becomes the input  
to create a new cash flow”. 

 

The landscape of the CNO seen as a SoS involves all possible 
interactions with its surrounding and extended environments, 
thus including the ecosphere, humansphere, and other 

                                                 
*Green is used as synonym of sustainable (triple-top line [Tueth, 2010]). 



 
 

     

 

technospheres (i.e. other CNOs). The engineering of GVBE as a 
sustainable industrial system (a green technosphere) to be 
integrated in a sustainable way into the natural ecosystem and 
the society (ecosphere + humansphere) requires sustainable 
interoperation with all relevant exogenous entities. In this sense, 
Sousa-Poza et al. [2008] depict a problem landscape that                  
must be dealt with when engineering a sustainable SoS. A first 
component is the holistic character of the problem space;             
since GVEs and their breeding environments exist beyond their 
technosphere, decisions taken during their operations must                 
also contemplate human/social, managerial, organisational, 
policy and political issues. The next component, ambiguity,  
requires GVBEs to be is regulated open, but controlled-border 
associations of green enterprises, featuring clear policies                       
of member recruiting and development strategy in order to   
keep the breeding environment economically prosperous, 
environmental friendly and socially equitable according to is 
goals and mission. The uncertainty component of the problem 
landscape defined by Sousa-Poza et al. [2008] requires continued 
resolution as accumulated knowledge enhances understanding. 
In this sense, one of the key business processes of GVE                    
and GVBE sustainable management must be ‘inheritance 
management’ [Karvonen et al., 2010], aiming to retrieve 
relevant information from  past GVEs and GVBEs and create 
and follow a best practice to improve performance and chances 
of survival in the case of turbulent market conditions.                     
The highly contextual feature of the problem landscape requires 
acknowledgement that GVEs and their breeding environments 
operate within the market and society, so they need to be 
display self-awareness and environmental awareness capabilities 
[Noran et al., 2014] in order to cope with the dynamic and 
sometimes turbulent market conditions and decide opportunely 
when to is time to go forward with its next lifecycle stage being 
an evolution or a metamorphosis. Emergence - i.e. GVEs and 
their breeding environments evolution or metamorphosis 
lifecycle stages imply a partial or full adaption correspondingly 
of existing capabilities and capacities, the creation of new ones, 
or even the cease of some of them to support both long- and 
short-term networks sustainability and therefore the reaching of 
their goals [Ivanov et al., 2006]. Non-ergodicity - i.e. GVEs and 
their breeding environments sustainable performance will 
always depend on a continuous improvement cycle driven by 
internal and/or external factors. Non-monotonicity - i.e. implying                      
the GVBEs as long-term strategic networks, and in some cases 
the GVEs, will go during their lifecycle through one or more 
evolution stages or even metamorphosis stages to keep 
sustainable the network.                          
The variety in SoS perspectives of different stakeholders 
mentioned by Katina et al. [2014] applies to the CNO seen as            
an SoS as well, because GVEs and their breeding environments 
may influence and be influenced (a) by customers, competitors, 
external institutions, potential new members/partners, etc. in   
the technosphere, (b) by nature events in the ecosphere, and                  
(c) by the society in the humansphere. In this context, the 

ARCON reference model and modelling framework for CNOs 
[Camarinha-Matos & Afsarmanesh, 2006b] suggests four 
modelling dimensions to better characterize the interactions 
between a CNO and its external entities in the technosphere and 
humansphere: market dimension - covering interactions with 
customers, potential customers and competitors; support 

dimension - related to support services provided third party 
institutions; societal dimension - capturing all the issues related 
to the interactions with the society in general; and constituency 
dimension - focusing on the interactions with the universe of 
potential new members of the CNO. Authors suggest a fifth 

dimension aimed to also consider the ecosphere, tentatively 
named environmental dimension - addressing environmental-
friendly interactions of the CNO with the natural ecosystem: 
water, air, sunlight, soil, plants, microorganisms, insects, and 
animals.       

4. SUSTAINABILITY AS AN ENDURING CONSTRUCT 
FOR CNOs LIFECYCLE 

The capability of a CNO seen as a SoS to endure requires 
significant considerations of context and deliberate planning.              
A possible avenue to SoS design for sustainability is the use of 
a ‘meta-system’. According to Krippendorff [1986], Reza et al. 
[2012] and Katina et al. [2014] - a ‘meta-system’ is a governing 
structure that provides coordination and integration of systems, 
articulating the functions that must be performed in order to 
enable the sustainability of a SoS while ensuring the viability of 
constituent systems, thus proving mechanisms for ensuring 
articulated functions (and thus maintaining collaboration 
performance) [Westphal et al., 2007] and means for improving 
poorly performing mechanisms [Camarinha-Matos & Abreu, 
2005]. A GVBE is an association of green enterprises and their 
related support institutions, adhering to a base long-term 

cooperation agreement, and adoption of common operating 
principles, interoperable infrastructures, ontologies, and mutual 
trust with the objective of preparing its constituent members               
to collaborate in potential GVEs [Romero & Molina, 2010]. 
Hence, a GVBE can be seen as a ‘meta-system’ proving a 
governance structure [Romero et al., 2007] for a set of  systems 
belonging to it (i.e. the GVBE members) and for other systems 
created with its support (i.e. the GVEs and their partners) 
[Rabelo et al., 2014]. 
In order to engineer a sustainable CNO as ‘meta-system’, 
authors have looked into the work of Beer [1985], Keating & 
Katina [2012] and Katina et al. [2014] on the VSM as a cogent 
starting point for the engineering of sustainable GVBEs and 
sustainable and viable GVBE members that can join and stay   
as part of the breeding environment to collaborate successfully 
but at the same remain successful as individuals. 
As stated before, VSM foundation rests in five sub-systems: 
productive, coordination, operations (including monitoring), 
development (including learning & transformation) and identity. 
These sub-systems perform a unique and vital set of functions 
that supports (according to Beer [1985] & Katina et al. [2014]) 
(a) the continued existence of the system, and (b) the system’s 
ability to maintain desirable levels of performance in the wake 
of environmental flux. 
Tables 3 and 4 provide a summary of the VSM functions 
applied to the engineering of a sustainable GVBE as an SoS 
based on the work of Beer [1985], Keating & Katina [2012] and 
Katina et al. [2014]. In particular, Table 3 focuses on the 
characterisation and definition of Beer’s VSM sub-systems and 
their functions by Keating & Katina [2012], and specialises 
these concepts for the GVBE case. 
 



 
 

     

 

Table 3. GVBE’s VSM Sub-systems and their Functions 
  VSM Function \ Primary Objectives 
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“Produce system products and services to agree upon standards 
and performance levels within allocated resources (from Sub-
system 3)” [Katina et al., 2014]. 
 A GVBE continuously develops a ‘management framework’, 

defined as a set of processes, systems and tools used by its 
stakeholders during its lifecycle to ensure that the breeding 
environment can fulfil all activities and tasks required to achieve 
its objectives [Afsarmanesh & Camarinha-Matos, 2005; Romero 
& Molina, 2009; 2010a] (from Sub-system 3).  

 A GVBE supports the fluid configuration of GVEs towards 
arisen collaboration (green business) opportunities according  
to its strategic, marketing and brokerage plans, conducting  
a bundle of activities aiming to enable alignment between  
the breeding environment’s aspirations,  the network internal 
core-competencies and resources and the external market, society 
and environmental settings [Sturm et al., 2014; Romero & 
Molina, 2009; 2010a]. 

“Provide direct interface to the local (e.g. customer) system 
environment” [Katina et al., 2014]. 
 A GVBE provides direct interfaces to its stakeholders (internally) 

and interlocutors (externally) through a variety of roles assumed 
by different GVBE actors and systems/tools [Afsarmanesh & 
Camarinha-Matos, 2005; Rabelo & Gusmeroli, 2008; Romero & 
Molina, 2009; 2010a; 2011]. Thus, GVBE actors’ roles are:  
(i) GVBE support providers: administrator/manager, advisor 
(advisory board), support institution, common tools/services and 
common ontology providers, public, etc. and (ii) GVE support 
providers: opportunity broker, GVE planner/ business integrator, 
and GVE coordinator. Examples of GVBE management systems 
and tools are the GVBE management framework, the GVE 
creation framework, and the GVE management framework. 

“Operate autonomously to execute system work within agreed upon 
integration of parameters” [Katina et al., 2014]. 
 All autonomous and collaborative GVBE actors’ operations are 

based on a set of identified and assigned roles with their 
corresponding rights and responsibilities, based on a shared and 
agreed governance model including principles, operational rules  
and bylaws [Romero et al., 2007; Rabelo et al., 2014]. 

“Interface with Sub-system 2 for coordination with a larger system” 
[Katina et al., 2014]. 
 The GVBE interface with Sub-system 2 for coordination is 

conducted through the GVBE established actors’ roles, right and 
responsibilities, supported by the GVBE management systems/ 
tools and governance model.  
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“Maintain coordination among productive units (Sub-system 3)” 
[Katina et al., 2014]. 
 At a breeding environment level, the GVBE administrator/manager            

is the actor responsible for the promotion of cooperation among 
the GVBE members. At the GVE level, the GVE coordinator  
is the actor responsible for the collaboration performance of  
the GVE partners [Afsarmanesh & Camarinha-Matos, 2005; 
Westphal et al., 2007].    

“Promote system efficiency by identifying unnecessary or redundant 
resources in use across productive units (Sub-system 1s)” [Katina 
et al., 2014]. 
 The GVBE administrator/manager and the GVE coordinator are 

responsible for filling the competency and/or resources gap in the 
breeding environment and the virtual enterprises respectively 
[Afsarmanesh & Camarinha-Matos, 2005]. Furthermore, the 
GVBE administrator/manager will strategize towards optimising 
the use of resources, closing material loops and minimising 
emissions; dematerialising activities, reducing and eliminating 
the dependence on non-renewable sources of energy [Romero & 
Molina, 2010; 2011; 2012]. 
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“Identify system integration issues for system resolution” [Katina et 
al., 2014]. 
 GVBE support providers will contribute towards an advanced 

collaborative infrastructure enabling participants to collaborate 
and negotiate, systems and services to execute and adapt, 
knowledge and information to be exchanged and retrieved, and 
resources to be discovered and shared [Rabelo & Gusmeroli, 
2008]. 

“Identify and manage emergent conflict between Subsystem 1s” 
[Katina et al., 2014]. 
 Conflicts management within a GVBE or a GVE will follow  
the breeding environment and virtual enterprise policies for 
conflict resolution according to the governance model and  
the bylaws established [Romero et al., 2007; Rabelo et al., 2014]. 
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“Operational planning and control for on-going system 
performance” [Katina et al., 2014]. 
 GVBE’s operations are planned and controlled by a performance 

management system aimed at planning workload and 
continuously monitoring the breeding environment as a whole 
and its members’ performance by evolving the capacity to 
execute regular performance reviews and reward good 
performance [Camarinha-Matos & Abreu, 2005; Romero & 
Molina, 2009; 2010a]. Furthermore, GVEs have an execution 
management system aimed at monitoring the GVE and its 
partners’ performance by tracking on-going activities [Graser et 
al. 2005; Ollus et al., 2007; Westphal et al., 2007; Romero & 
Molina, 2009].   

“Operational response to inputs from other sub-systems” [Katina et 
al., 2014]. 
 GVBE’s response to any internal and/or external factor is 

typically supported by a decision support system (DSS)  
that may recommend and support entering an evolution/ 
metamorphosis stage to maintain its performance and goals, or 
extend its existence (survivability) [Romero & Molina, 2009]. 
GVE’s response is supported by an exceptions management 
system that will assist in its evolution by helping in task  
re-scheduling, partner(s) substitution, activities and resources   re-
allocation and risk and budget management [Ollus et al., 2007; 
Hodík et al., 2007; Hodík & Stahc, 2008; Romero & Molina, 
2009].   

“Interpret and implement policies and directions from   
Sub-system 5” [Katina et al., 2014]. 
 For any GVE or breeding environment lifecycle stage change,   

its strategic management process, led by the GVE coordinator or  
the GVBE administrator/manager respectively, will formulate  
a strategy to enable the alignment between the GVBE actors’ 
interest, their internal core-competencies and resources, and  
the external market, society and environmental landscapes 
[Romero & Molina, 2009]. The strategy formulation process will 
be governed by GVBE governance rules and bylaws [Romero et 
al., 2007; Rabelo et al., 2014]. 

“Interface with Sub-system 4 to re-design operations in response 
and anticipation of identified environmental shifts” [Katina et 
al., 2014]. 
 GVEs and its breeding environment will use evolution and 

metamorphosis to adapt to internal and/or external fluctuations in 
order to maintain sustainable performance. 

“Negotiate resource, performance accountability, and reporting 
expectations for Subsystem 1s” [Katina et al., 2014]. 
 GVEs and their breeding environment are supported by  

a financial, accounting and resources management system 
[Romero et al., 2007], as well as by a negotiation support  
system [Olivera & Camarinha-Matos, 2013] that ensures  
the effective, efficient, and equitable use of resources in 
accordance with the policies and legal mandate of the GVBE 
governance structure [Romero et al., 2007; Rabelo et al., 2014]. 
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“Monitor sub-system and system level performance” [Katina et al., 
2014]. 
 GVBE performance management system should monitor whether 

progress is being made towards the desired goals and whether 
activities are performed efficiently, and identify problems that may 
require additional efforts or attention. By measuring, monitoring 
and rating performance, a GVBE is capable to identify bottlenecks 
and weak links in the breeding environment and its members and 
act accordingly to improve the support network and its constituents’ 
performance [Camarinha-Matos & Abreu, 2005; Romero & Molina, 
2009; 2010a]. Similarly, GVEs execution management system 
aims to monitor the GVE and its partners’ performance and 
provide alerts on possible inconsistencies or lack of performance 
in order to prevent exceptions or in case that an exception occurs, 
to move to a GVE evolution stage [Graser et al., 2005; Ollus et 
al., 2007; Westphal et al., 2007; Romero & Molina, 2009].   

“Identify and analyse deviant performance, unexpected (crises), 
and operational conditions and trends” [Katina et al., 2014]. 
 GVBE performance monitoring aims to discover potential 

missing competences and resources in the breeding environment 
by comparing its current capabilities and capacity with the future 
strategy, and to identify potential lack of suitable performance in 
the GVBE actors [Romero & Molina, 2009]. In the case of 
GVEs, monitoring, warning and alerting aim to proactively 
prevent GVE failure to deliver according to the quality-, time- 
and cost-frame agreed with the customer by taking timely 
corrective actions [Ollus et al., 2007; Romero & Molina, 2009].   
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“Foster strategic system learning, development, and 
transformation” [Katina et al., 2014]. 
 GVEs and their breeding environment employ ‘inheritance 

management’ methods (process- or documentation-based [Loss 
et al., 2006]) for retrieving and gathering information, knowledge  
and experience from different sources, in order to ensure  
the sustainability of the support network and future VEs [Romero 
& Molina, 2009; Karvone et al., 2010].   

“Maintain environmental scanning, analysis, and interpretation” 
[Katina et al., 2014]. 
 As part of their strategic and performance management processes 

and collaboration opportunities identification process respectively, 
the GVBE administrator/manager and the opportunity brokers 
continuously scan the environment, the GVBE and its members’ 
capabilities, adjusting the strategic direction of the breeding 
environment competency requirements according to the emerging 
and upcoming market opportunities [Romero & Molina, 2009]. 

“Maintain models of the environment, entire system, and future” 
[Katina et al., 2014]. 
 A GVBE possess a ‘bag of assets’ management system (a kind of 

content and/or knowledge management system), which serves as 
a (virtual) warehouse of shareable knowledge, lessons learned 
and other tangible and intangible assets relevant for the GVEs 
and breeding environment strategic management [Romero & 
Molina, 2009]. 

”Interface with sub-systems concerning system implications 
stemming from environmental scanning results” [Katina et al., 
2014]. 
 The GVBE administrator/manager and its advisory board, 

according to the breeding environment governance rules and 
bylaws [Romero et al., 2007; Rabelo et al., 2014], will take  
the required actions to improve the support network and GVEs’ 
performance by means of e.g. new operational and control 
management approaches; recruitment, assessment, and selection 
of new GVBE members; re-definition and assessment of GVBE 
actors’ roles, etc. [Romero & Molina, 2009]. 

“Disseminate essential environmental intelligence information 
throughout the system for potential action” [Katina et al., 2014]. 
 The GVBE administrator/manager and management systems 

serve as an information centre (e.g. dashboard) for the GVBE. 
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 “Identify, assess impact, and derive learning implications for 

trends, event, and patterns occurring in the system environment” 
[Katina et al., 2014]. 
 GVEs and their breeding environment learning and transformation 

processes are mainly guided and supported, but not limited, to  
the GVBE strategic, performance and inheritance management 
systems [Loss et al., 2006; Ollus et al., 2007; Romero & Molina, 
2009; Karvonen et al., 2010].   

“Guide system transformation strategy development and 
implementation” [Katina et al., 2014]. 
 GVEs and their breeding environment transition to an evolution  

or metamorphosis lifecycle stage will be guided according  
to the established governance rules and bylaws [Romero et al.,   
2007; Rabelo et al., 2014], and supported by the GVBE strategic 
management system and GVE exceptions management system 
[Ollus et al., 2007; Hodík e al., 2007; Hodík & Stahc, 2008;  
Romero & Molina, 2009].   
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“Maintain and propagate system identity” [Katina et al., 2014]. 
 GVEs and its breeding environment identity will be sustained 

and disseminated internally by means of actors’ corresponding 
roles, rights and responsibilities propagation, and externally 
through the GVBE strategic, marketing and brokerage actions 
[Sturm et al., 2014; Romero & Molina, 2009; 2010a]. 

“Define and clarify the system vision, purpose, mission, values and 
their consistent interpretation” [Katina et al., 2014]. 
 GVEs and their breeding environment definition of vision, 

purpose, mission and values will be guided according to  
the established governance rules and bylaws [Romero et al., 
2007; Rabelo et al., 2014], and supported by the GVBE strategic 
and value system - management systems [Romero & Molina, 
2009; 2010a].   

“Balance focus between present (Sub-system 3) and future 
(Subsystem 4) needs and priorities” [Katina et al., 2014]. 
 The GVBE administrator/manager and advisory board, and  

the opportunity brokers and GVEs’ planners/integrators, will 
continuously work in the development (adaption or creation of 
new) appropriate management and control structures, as well as 
strategies, to allow the GVEs and its breeding environment to  
be twofold sustainable (green and viable) across their lifecycles 
[Afsarmanesh & Camarinha-Matos, 2005; Ollus et al., 2007; 
Romero & Molina, 2010a]. 

“Establish system policy and strategic direction” [Katina et al., 
2014]. 
 As stated, GVEs and their breeding environment policy and 

strategic direction will be determined by the GVBE administrator/ 
manager and advisory board, together with the opportunity 
brokers and possibly GVEs’ planners/integrators, according to 
the established governance rules and bylaws [Romero et al., 
2007; Rabelo et al., 2014]. 

“Represent and communicate the system to external entities” 
[Katina et al., 2014]. 
 GVEs and their breeding environment are represented by  

all their actors, which have various representation and 
communication rights and responsibilities according to their roles 
[Afsarmanesh & Camarinha-Matos, 2005]. Moreover, a GVBE 
employs strategic, marketing and brokerage management 
systems responsible for sales and communication with external 
entities [Romero & Molina, 2009]. 

“Process input from other Sub-systems for system implications” 
[Katina et al., 2014]. 
 Inputs from external systems can come into the GVEs and  

their breeding environment through, but not limited to, new 
GVBE members and support institutions recruiting, the GVBE 
strategic management process, heritage from other GVBEs, etc. 
[Romero & Molina, 2009].  

 



 
 

     

 

Table 4 provides the vision of a GVBE as a ‘meta-system’, 
providing the necessary governance structure [Romero et al., 
2007] for its sustainability as an SoS and viability for sets of 
systems that may belong to it (i.e. the GVBE members) and/or 
emerge from it (i.e. the GVEs) [Rabelo et al., 2014]. 

Table 4. GVBE’s Meta-system for Governance of SoS 
 Primary Objectives 
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“Sub-system 1s (productive) represents individual complex 
systems that must be integrated and coordinated to formulate a 
system of systems, which provides an enhanced capability 
greater than the sum of the constituent systems” [Katina et al., 
2014]. 
 A GVBE aims to offer its members, and to the market and 

society, a new collaborative and circular sustainable industrial 
development model characterised by economic growth, green 
jobs creation and environmental protection, through the creation 
of virtuous (viable) business value cycles and environmental 
restorative strategies that are beyond those achievable by a 
single green enterprise [Romero & Molina, 2012]. Such virtuous 
cycles and strategies are brought to business practice through   
the rapid and fluid configuration of GVEs tailored to become 
dynamic forward supply networks for delivering green products 
(virgin or used/recovered) to the market [Romero & Molina, 
2014], or dynamic reverse supply networks for recovering   
the products sold under the GVBE brand (product stewardship) 
for service provisioning, product recovery or for safe disposal 
[Romero & Molina, 2013].  

“Constituent systems exhibit characteristics of systems of 
systems, operate in the system of systems problem landscape, 
and are subject to divergent perspectives” [Katina et al., 2014]. 
 When a green enterprise becomes a GVBE member, the enterprise 
must adhere to a cooperation agreement and to a collaborative 
culture compromising an orientation to openness, commitment, 
leadership, trust-building, self-learning, continuous training, 
long-term and global vision, effective communication, 
knowledge sharing and innovation towards a supportive and 
positive behaviour to enhance the capabilities of others and 
willingness to adapt for the benefit of all [Romero et al., 2007; 
Rabelo et al., 2014]. 
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“Meta-system function 1: a meta-system function in a system of 
systems to maintain coordination and integration among 
constituent systems” [Katina et al., 2014]. 
 From the GVBE actors’ perspective: (a) the GVBE administrator/ 

manager is responsible for the breeding environment actors 
membership and structure management and the promotion of 
cooperation among members and (b) the GVE planner/business 
integrator is responsible for selecting the appropriate set of 
partners for a GVE [Afsarmanesh & Camarinha-Matos, 2005; 
Romero & Molina, 2011]. Moreover, from a management 
framework perspective, the responsible systems and tools are (a) 
within the GVBE management framework (i.e. membership and 
structure management system [Sitek et al., 2007] and profiling 
and competency management system [Ermilova & Afsarmanesh, 
2007]), (b) within the GVE creation framework (i.e. collaboration 
opportunity (CO) identification tool [Demšar et al., 2007],   
CO characterisation and GVE rough planning tool [Concha et 
al., 2008], partners search and selection tool [Baldo et al.,  
2007], and agreement/contract negotiation wizard [Olivera & 
Camarinha-Matos, 2013]) and (c) within the GVE management 
framework (i.e. GVE initiation management system [Ollus et al., 
2007]). 
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“Meta-system function 2: a meta-system function in a system of 
systems ensures operational planning and control of ongoing 
systems of systems and constituent system performance” 
[Katina et al., 2014]. 
 From the GVBE actors’ perspective: (a) the GVBE administrator/ 

manager is responsible for the breeding environment operation 
and evolution and (b) the GVE coordinator is responsible for  
the management of the GVE during its lifecycle [Afsarmanesh 
& Camarinha-Matos, 2005; Romero & Molina, 2011]. From a 
management framework perspective, the responsible systems 
and tools are (a) within the GVBE management framework (i.e. 
strategic and marketing [Romero & Molina, 2009], financial, 
accounting and resources [ibid], governance [Romero et al., 
2007]; bag of assets [Romero & Molina, 2009], value system 
[Romero et al., 2010], ontology [Afsarmanesh & Ermilova, 
2007], ICT [Rabelo & Gusmeroli, 2008], trust [Msanjila & 
Afsarmanesh, 2007]; performance [Romero & Molina, 2009], 
decision support [ibid], etc.), and (b) within the GVE 
management framework (i.e. GVE execution and delivery 
[Ollus et al., 2007], GVE exceptions [Hodík et al., 2007; Hodík 
& Stahc, 2008] - management systems). 
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“Meta-system function 3: a meta-system function in a system of 
systems monitors system of systems and constituent system 
performance” [Katina et al., 2014]. 
 From the GVBE actors’ perspective: (a) the GVBE administrator/ 

manager is the responsible for assessing the competency 
[Ermilova & Afsarmanesh, 2007], trust [Msanjila & 
Afsarmanesh, 2007], and performance levels [Romero et al., 
2010] of a breeding environmental actor; and (b) the GVE 
coordinator for the case of the GVE partners [Afsarmanesh & 
Camarinha-Matos, 2005; Romero et al., 2009; Verdecho et al., 
2010; Romero & Molina, 2011]. Moreover, from a management 
framework perspective, the responsible systems and tools are  
(a) within the GVBE management framework (i.e. membership 
and structure [Sitek  et al., 2007], and profiling and competency 
[Ermilova & Afsarmanesh, 2007]), (b) within the GVE creation 
framework (i.e. partners search and selection tool [Baldo et al., 
2007]) and (c) within the GVE management framework (i.e. 
GVE executing and delivery [Ollus et al., 2007], and exceptions 
[Hodík et al., 2007; Hodík & Stahc, 2008] - management 
systems).         
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“Meta-system function 4: a meta-system function in a system of 
systems that fosters learning, development, and transformation” 
[Katina et al., 2014]. 
 From the GVBE actors’ perspective, the GVBE administrator/ 

manager and the GVE coordinators are those responsible   
for fostering learning, development, and transformation   
through strategic, performance, inheritance and bag of   
assets management [Afsarmanesh & Camarinha-Matos, 2005; 
Karvonen et al., 2010; Romero & Molina, 2011]. From a 
management framework perspective, the responsible systems 
and tools are (a) within the GVBE management framework   
(i.e. strategic and marketing, performance, and bag of assets - 
management systems [Romero & Molina, 2009]) and (b) within 
the GVE management framework (i.e. GVE inheritance 
management system [Karvonen et al., 2010]). 
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 “Meta-system function 5: a meta-system function in a system of 

systems that identifies, assesses impacts, and derives learning 
implications for trends, events, and patterns occurring in the 
systems environment” [Katina et al., 2014]. 
 From the GVBE actors’ perspective: the GVBE administrator/ 

manager and the advisory board, the opportunity brokers, and   
the GVE planners/business integrators are those responsible   
for strategizing corrective actions or future directions for   
the breeding environment. Moreover, from a management 
framework perspective, the responsible systems and tools are: 
(a) within the GVBE management framework (i.e. strategic and 
marketing, performance, and decision support - management 
systems [Romero & Molina, 2009]), and (b) within the GVE 
management framework (i.e. GVE inheritance management 
system [Karvonen et al., 2010]). 
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“Meta-system function 6: a meta-system function that maintains 
and propagates systems of systems identity” [Katina et al., 
2014]. 
 From the GVBE actors’ perspective, all internal and external 

communications and information exchange will take place   
according to the GVBE governance structure [Romero et al., 
2007; Rabelo et al., 2014]. From a management framework 
perspective, the responsible systems and tools are (a) within 
GVBE management framework (i.e. membership and structure 
[Sitek et al., 2007], strategic and marketing, governance,   
and bag of assets - management systems [Romero & Molina, 
2009]) and (b) within the GVE management framework   
(i.e. GVE inheritance management system [Karvonen et al., 
2010]). 

5. CONCLUSIONS                                                   
Engineering sustainability in a SoS requires maintaining                    
the right balance between the effective and efficient operations 
of its constituent systems and can be assisted by observing     
the meta-system and SoS problem landscape paradigms           
as described. Developing sustainable (green and viable) SoS 
requires enabling their co-existence with other systems                    
(the ecosphere, humansphere   and other technospheres), as well 
as maintaining and evolving desired characteristics such as 
competitive advantage to support their enhanced mission and 
performance. 
This research work leverages on existing reference models                    
and frameworks (e.g. [Romero & Molina, 2011]), and SoSE 
rules for building SoS complying with the Gagnon et al.’s 
Sustainable Engineering [Gagnon et al., 2008] and Beer’s 
Viable System Model [Beer, 1985] principles. 
The degree to which these principles are effectively performed 
and coupled with suitable mechanisms determines the efficacy 
of SoS sustainability and the viability of the constituent systems 
[Katina et al., 2014]. 
Finally, three key elements are required to establish sustainable 
GVEs and their breeding environments operations [Beckett, 
2004]: (a) a governance model that defines clear actors’                 
roles, operational rules, bylaws and principles [Romero                         
et al., 2007; Rabelo et al., 2014], (b) brokerage services that                   
deliver perceived sustainable value (economic prosperity, 
environmental quality and social equity), and (c) balancing                
the complementary and similar features that enhance                        
the resilience of the SoS [Camarinha-Matos, 2014]. 
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