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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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Breeding Environments, Industrial Ecology, Sustainable Manufacturing, 
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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 
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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]. 

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 

                                                           
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]. 
3 For additional information on R-GVEs please refer to [12]. 
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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].  

CO 

Identification

COCharacterization & 

F-GVE Rough Planning

F-GVE Creation Stage

Operation

F-GVE Operation and Dissolution Stages

Green

Business

Opportunity
[identification]

Green Design

Green Materials

Green Processes
[selection]

Partners Search 

& Selection

Negotiation

Negotiation

Green 

Partners

Selection
[green degree]

Detailed 

R-GVE Planning
Contracting

New 
Product

Development

Green
Production 
& Forward
Logistics
Planning

Contracting

Green Production

[green manufacturing]

[green services]

Dissolution

Green Delivery

[green packaging, green logistics, 

green labeling]

Business Opportunity:

+ Green Good

+ Green Service

Green Capabilities:

+ Design

+ Materials

+ Processes

+ Technologies 
+ Logistics

Green Practices:

+ DFX

+ Lifecycle Analysis

+ TQEM 

+ EMS
+ G-SCM

+ ISO14000 series

Triple Top Line:

+ Economic

+ Environmental

+ Social

Environmental: 

+ Regulations

+ Laws / Trades

+ Taxes

+ Fines

Clean Production:

+ Lean Manufacturing

+ Lean Services

Clean Logistics:

+ Forward Logistics

GVE Product

Surplus and/or 

Abandoned 

Resources

Output

Input

GVBE

Bag of Assets

GVE

Customer

 
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). 
 

Green Virtual 
Manufacturing Enterprise

Green Virtual 
Service Enterprise 

Green Virtual 
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Fig.2. Forward Green Virtual Enterprise Typology 

3   Sustainable Manufacturing & Logistics: Build-to-Order  

When judging the rationality of economic development in the past and looking into 
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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 20st 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 

                                                           
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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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 don’t 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]. 
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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 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 
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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).  
 

Sustainable Consumption

Buy Less Share Swap Giveaway

  
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 
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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
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Fig.5. Interplay Networks as a base for Sustainable Production and Consumption 
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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 are 

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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