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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. 
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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. 

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 

                                                             
1 A solution space encompasses all the possible designs a toolkit can produce. 
2 A focal enterprise “is the initiator of an international business transaction, including 

multinational and small/medium size enterprises, that conceives, designs, and produce                 



significant customization according to be produced according to specific customer’s 
requirements. For example: a personalized competition sportswear or equipment for          
a professional athlete. 

 

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. 
 
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. 

 

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.	
  
 



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. 

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 enterprise2 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.  

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]. 

User toolkits as virtual tools build an interface between manufacturers and service 
providers and their customers. User toolkits can be employed by manufacturers and 
                                                             
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]. 

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]. 



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].   

 

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:                    

mas-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). 

 

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 

Individual Customer / Niche Market
Manufacturing Enterprise
Service Enterprise
Broker / Coordinator

Glocal Networked Enterprise

Product Development 
Network A Customer A

Customer B

Service
Network B

Product-Service 
Network C

Customer C

Broker C

Broker B

Broker A



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 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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