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Abstract— Customer demand for more individualization is 

shifting production models towards decentralized ones. In order 

to keep up with a heterogeneous class of clients in a turbulent 

environment, companies are always more inclined towards mass 

customization. Realizing different kinds of products in line with 

customer needs without losing the advantages in terms of 

efficiency of mass production requires new configurations in 

manufacturing firms as well as a new kind and higher extent of 

collaboration with customers in the design process. Starting from 

the analysis of the literature concerning distributed 

manufacturing, cloud manufacturing and customer involvement,  

this paper proposes a model aimed at classifying manufacturing 

archetypes for distributed production.    

Keywords— distributed manufacturing; cloud 

manufacturing;customer involvement; archetypes 

I.  INTRODUCTION 

In the manufacturing industry, significant changes have been 

taking place in recent years. Companies are struggling for 

designing new customer-centric processes and reshaping their 

supply chains. The notion of distributed production 

conceptualizes a shift in consumption and production patterns 

away from conventional mass production, with its long, linear 

supply chains, economies of scale and centralizing tendencies 

[1]. This fact is direct consequence of the market becoming a 

more turbulent environment in which customers are demanding 

for more personalized goods. Moreover, the growing 

interdependencies between manufacturing firms are shifting the 

scope of the design of production systems beyond factory’s 

boundaries. Companies are therefore required to focus on 

changeability at all levels of their production, from the single 

station to the network as a whole. Being changeable means to be 

able to answer to market change with early and foresighted 

adjustments to the structure and the processes [2]. Furthermore, 

a key capability for the reaching success in a globalized market 

is the ability to design, plan and control supply chain scheme 

that support an efficient collaboration between partners [3]. 

Besides efficiency, flexible manufacturing technologies are seen 

also as the main factors enabling mass customization, where 

customers have stronger presence in the value creation process 

[4]. The concept of keeping the customer more integrated in the 

value chain in order to answer more rapidly to his needs switches 

the attention of manufacturing from a centralized approach to a 

more distributed paradigm for manufacturing (i.e. distributed 

production systems). The latter approach has therefore a strong 

connection with the topic of mass customization. A further 

opportunity for delivering high variety at affordable prices is 

indeed coming from the direct response to customer wishes, 

typically with mini-factories, a new organizational form 

characterized by the cost reduction potentials achieved through 

postponement and access to customer sticky information [5]. In 

most applications of distributed production systems, the 

customer decides the product that would better fit his needs and 

he has the possibility to take part in the design and configuration 

process. The consequence of a more customer-driven market 

influences the related production processes. Companies are 

trying to keep up the change and new technologies represent 

opportunities for developing more suited systems. Distributed 

systems rely on networks of enterprises, also referred as virtual 

enterprise networks [6]; hence, the performance of a single 

company has impact on the overall performance of the network. 

However, this increasing trend towards collaboration is 

supporting the rise of cloud manufacturing, which can be 

considered as a new manufacturing paradigm [7]. This 

customer-centric and service-oriented model is definitely 

following the shift from hierarchical business models to more 

cooperative ones. From this point of view even more ground-

breaking concepts, such as social manufacturing, have been 

proposed. In social manufacturing, production service providers 

self-organize into dynamic communities to offer manufacturing 
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services and collaborate with prosumers [8]. Similarly to cloud 

manufacturing, other production concepts have been developed 

after the rise of a certain technology. For example, desktop 

manufacturing is a concept born after the rapid development of 

miniaturization technologies [9]. In addition to this, the 

downsizing of machines is making the deployment of moveable 

factories feasible, thus improving the quality and sustainability 

of manufacturing in areas that lack skills or infrastructures [10]. 

In this context, a model able to classify manufacturing 

archetypes for distributed production is proposed with this 

paper. In particular, in par. II the research context is presented, 

specifying the research questions of this work. In par III the 

research methodology is described: it is divided in three main 

blocks and to each of them a par is dedicated. Par. IV presents 

the literature review, par. V the model definition, par. VI the 

discussion of its validation. Finally par. VII concludes the paper.  

II. RESEARCH CONTEXT 

It is common knowledge that in recent years the market has been 

characterized by an increasing pressure for customized products 

and agile processes. There is a growing consideration for 

distributed manufacturing systems as a possible answer to these 

trends. However, neither the proposed decentralized production 

models nor even the initial reasons of such interest can be 

considered as uniform. Several frameworks have been proposed 

starting from studies on decentralized shop floor planning and 

control, some others derived from the rise of cloud computing 

or additive manufacturing technologies. 

Considering distributed manufacturing as main topic of this 

work, firstly, given that decentralized production is a wide 

concept comprising many organizational forms, it is our priority 

to clarify and classify the main manufacturing archetypes for 

distributed production. After this preliminary overview, the 

purpose is to find the main variables to design a classification of 

the different models. Finally, it is necessary to understand if the 

interpretative framework previously identified could be used to 

classify some practical cases related to the topic. 

To sum up, the following research questions arise: 

• How can we classify the manufacturing archetypes for 

distributed production? 

• Which variables and classification axes could be used to 

highlight the differences among these archetypes? 

There are several papers in literature covering a single aspect 

(like environmental impact or resilience) of distributed 

manufacturing, often defining metrics for a comparison with the 

centralized model. Most of frameworks and models introduced 

present an in-depth description of single archetypes such as 

mini-factories or mobile factories. It is pretty common to find 

journal articles presenting a list of alternatives of decentralized 

production models, and when this happens, there are no clear 

variables that help the reader to distinguish among them in a 

more precise manner. As a source of further confusion, there is 

a lack of agreement on the terminology to be used to describe 

such production archetypes. Therefore, the state-of-the-art 

literature lacks a complete and structured classification model 

for distributed production archetypes, which could be also used 

as a bridge between theoretical models and practical cases. 

III. RESEARCH METHODOLOGY 

 

The methodology used in this work is characterized by three 

main building blocks (Figure 1): state of the art, modelling and 

validation. More specifically, the rising relevance of the 

distributed manufacturing brings directly through the study of 

the state of the art applying the literature review.  The second 

building block is the core of the work. The maps previously 

defined are used to elaborate a new map that synthetizes the 

main concepts about distributed manufacturing. For doing this, 

we apply a specific methodology called “system thinking”, i.e. 

a way of thinking that makes explicit the relationships and forces 

that characterize a system. The result is a map giving an 

overview of specific systems connecting variables with each 

other. After drafting this framework, it is possible to list a set of 

relevant variables to be categorized according two dimensions: 

customer integration and service orientation. At this stage, it is 

possible to define four main archetypes described by the 

variables and then they can be positioned in a model having as 

axes the two dimensions previously identified.    

 
Figure 1 Research Methodology Scheme 

The last step consists in finding a way to validate the model, 

discover its lacks and refine it. This is possible thanks to some 

real cases describing firms adopting distributed manufacturing. 

Cases could be, in fact, connected with a specific manufacturing 

archetype positioned in the model. The model will be validated 

both in terms of dimensions and archetypes. Firstly, we assess 

whether the elements and axes chosen are sufficiently able to 

differentiate cases on the graph. Secondly, we compare their 

positioning with the one of the theoretical archetypes previously 

described, in order to highlight potential misalignments between 

theory and cases. 

Finally, the main conclusions on this work are going to be made 

starting from the results stemming from literature and from the 

model. Pros and cons regarding the model are run through as 

well as the possible future developments on distributed 

manufacturing and of the model itself. 

 

IV. LITERATURE REVIEW 

A. Review process 

Distributed production is a new and complex subject that has 

been raising interest in both the academic and business world. 

However, the concept of producing at dispersed locations is 

more multifaceted than anyone could expect [1]. For this reason, 

the literature research synthetizes and analyses knowledge 

coming from diverse sources and theoretical domains. Through 

this choice, we do not aim to give a systematic and complete 

summary of a single aspect of the topic, while instead the goal 
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is to provide a critical overview of all the most relevant issues of 

distributed production and its related concepts. In addition to 

this, a transdisciplinary approach enables management research 

to gain insights that could not be easily obtained by using 

knowledge of disciplines separately [11]. In order to analyze the 

topic, the research process has been structured in three stages 

(Figure 2): preliminary study, in-depth analysis and selection, 

organization of the research material.  

During the first step, we carried out an initial reading of several 

scientific articles in order to refine our research idea based on 

the topic of distributed production. This early effort is also 

particularly useful for a more considered definition of search 

keywords and of material selection criteria. 

 

Figure 2 Literature search and review process 

In the second step, the search and filtering of papers actually 

took place. In terms of parameters, the search strategy was little 

constrained. There were no restrictions in terms of subject area, 

geographical area or publication period. Indeed, as said before, 

the topic became relevant only in recent years and it addresses 

various disciplines. Much attention has been paid to the type of 

literature, including in the survey only reports, conference 

proceedings and research papers. Three approaches have been 

applied for the collection of these sources: searching on 

academic search engines, obtaining relevant material referenced 

in articles already read and searching through Internet. To be 

precise, literature search was made mainly thanks to Web of 

Science and Scopus databases. In doing this, a set of keywords, 

updated as long as the literature analysis progressed, to filter the 

academic database was used. Indeed, during the second stage an 

iterative process consisting in keyword definition, search, 

selection and recording was followed: each iteration 

corresponded to a more precise approach to the subject. The 

selection of relevant articles, besides keywords analysis, was 

undertaken by carefully revising if the title was coherent with 

the main topics treated. Then, more in-depth evaluation was 

characterized by the reading of the abstracts (or the entire 

content when needed).   

In this section, a critical review of the literature related to 

distributed production is also presented. As it is possible to 

notice, the topics of distributed manufacturing and cloud 

manufacturing have something in common. Both are pushing 

towards the decentralization of production into dispersed 

factories but the way they are doing this is different. Indeed, 

research about distributed manufacturing comes from studies on 

production planning and control, while cloud manufacturing is a 

much more recent topic emerging from the advent of cloud 

computing. In spite of the two quite separate lines of research, 

there is a small intersection represented by papers which are 

grouping distributed manufacturing archetypes and cloud 

production in a single set of production models. Indeed, while 

cloud manufacturing literature can be easily structured into key 

concepts, architectures and value drivers, the literature related to 

distributed manufacturing is too diversified to be constrained 

into these rigid components, leading to detect some major topics 

such as collaborative networks, organization philosophies, 

frameworks, mini-factories and mobile ones. A third line of 

research is related to the role of the customer: only the aspects 

meaningful for the topic of distributed production were taken 

into account. Indeed, the literature about desktop manufacturing 

evolved in connection with several concepts related to the 

empowered role of the customer.   

In the following the concepts of distributed manufacturing, 

cloud manufacturing and customer involvement are introduced. 

B. Distributed Manufacturing 

In recent years, the term Distributed Manufacturing has been 

getting more and more attention in research projects related to 

new manufacturing paradigms. Despite its highly relevant nature 

for current competitive challenges in the manufacturing sector, 

the concept is not new and it has taken on different connotations 

over the years. The first interpretation is related to decentralized 

production control. In this first stage of evolution, researchers 

introduced the concept of Distributed Manufacturing Systems 

(DMS) as a class of manufacturing systems characterized by an 

innovative architecture focused on decentralized decision 

making within the factory. According to [12], this class of 

manufacturing systems shows common properties such 

autonomy, flexibility, adaptability, agility, decentralization. 

Therefore, compared to the general concept of Distributed 

Manufacturing, DMS refer to independent manufacturing units 

formed within the shop floor where certain control powers are 

distributed to each of these units. The second interpretation of 

DM term is related to the concept of creating value at 

geographically dispersed locations. In other words, in this case 

the company decentralizes its production system at more than 

one factory. Finally, a third evolution of the term crossed the 

boundaries of the single enterprise, settling in the context of 

production network. Indeed, the term “Production Network” 

refers to the cases when there is a manufacturing cooperation 

between at least two legally independent enterprises. In this third 

stage, the term of Distributed Manufacturing Network is 

strongly related to the concept of Collaborative Networked 

Organization (CNO) presented by [6].  

C. Cloud Manufacturing 

Cloud Manufacturing (CM) is an emerging manufacturing 

paradigm strongly related with the concept of cloud computing. 

According to NIST (National Institute of Standards and 

Technology) [13], cloud computing is defined as “a model for 

enabling ubiquitous, convenient, on-demand network access to 

a shared pool of configurable computing resources (e.g., 

networks, servers, storage, applications, and services) that can 

be rapidly provisioned and released with minimal management 

effort or service provider interaction”. Based on the work of 
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NIST and Smith, Wu proposed the following definition: “Cloud 

Manufacturing (CM) is a customer-centric manufacturing model 

that exploits on-demand access to a shared collection of 

diversified and distributed manufacturing resources to form 

temporary, reconfigurable production lines which enhance 

efficiency, reduce product lifecycle costs, and allow for optimal 

resource loading in response to variable-demand customer 

generated tasking”. 

Wu [14] describes also a tri-group model, called provider-

consumer interaction model, based on the interaction of three 

different layers. The first layer relates to users, which are 

individuals or groups that want to gain a competitive advantage 

by utilizing the cloud. They could be individuals who do not 

possess capabilities to produce or even companies which find 

more convenient to outsource production to CM. The second 

layer of the model is represented by application providers, which 

are responsible for managing the cloud environment and for 

translating user requirements into the data required for the 

production. The third layer is operated by physical resource 

providers (PRPs), those who own the manufacturing equipment 

and the necessary expertise to operate it efficiently and 

effectively. It is important to highlight that PRPs join the cloud 

manufacturing network in relation to their know-how and 

experience, rather than to their geographical location. As 

underlined by the definition, customer-centricity is one of the 

key characteristics of Cloud Manufacturing. Traditional supply 

chains, based on the hierarchical flow of requirements from 

suppliers to sub-tier suppliers, are too rigid for exploiting 

completely the opportunity represented by the enriched 

customer experience. The key aspect for CM is the ability to 

match users, with their specific needs, to resource providers who 

can satisfy those requirements while meeting cost, schedule and 

quality objectives. The resulting benefits are enhanced 

efficiency, reduced cost, increased flexibility and improved 

capabilities for the user. However, these benefits are actually 

achievable thanks to the pooling of PRPs resources which enable 

the creation of flexible manufacturing sequences. CM 

production lines are designed to be temporary, quickly 

reconfigurable and dynamic. The property of system flexibility 

is however related to the use of automation and Industrial 

Control Systems (ICS), able to control and support the flow of 

production requirements from the cloud to multiple dispersed 

manufacturing facilities with a minimized down-time. The 

resulting benefits are high efficiency, low down-time and instant 

response to demand. In addition, the quick re-configurability of 

the system has an important side effect because also production 

in small lots becomes economically viable. Ideally, the CM 

environment would be able to process even any job, without 

disruption of larger ones. Moreover, the CM environment is 

intended to be demand intelligent, meaning that the system is 

flexible enough to provide load sharing across interchangeable 

resources. Finally, the last characteristic of CM is related to the 

possible business models. Indeed, business innovation could 

come also from the adoption of a share-to-gain philosophy. In 

particular, one of the key challenges is the decision on how the 

value of the final products should be divided across contributors. 

With an extremely dynamic cloud of resource providers, there is 

not in fact a clear and stable representation of how value is 

added, which is given by value chain structure. Instead, new 

business models would be needed to deal with new issues, such 

as the role of app providers and the ownership of intellectual 

property.   

D. Customer involvement 

As mentioned in the description of network of enterprises, 

customer satisfaction is the ultimate scope. In fact, the client is 

being involved at a higher extent in the value creation process. 

In order to keep the pace with market changes and adapt to 

customer taste, companies associate with each other to achieve 

mass customization [15]. In fact, mass customization is a 

strategy aimed at satisfying customer needs with price typical 

for mass production [16]. Hence, MC enables the opportunity 

for companies to design, manufacture and provide customers 

with large quantities of different products tailored to specific 

customer needs in the same range of price and time applied by 

mass manufacturers [17]. In this context, the enterprise has to 

manage the variability of demand coming from different 

consumer’s needs, transform the needs into customized 

products and then to arrange the best manufacturing process to 

realize them in an efficient way. In the current turbulent 

environment firms try to build collaborative networks to cope 

with these challenges. This form of relationship implies 

“sharing risks, resources, responsibilities and rewards” [15]. 

E. Literature review results 

The presentation of the general map and the discussion of gaps 

in literature are concluding the review. The map (Figure 3) is the 

result of the analysis stemming from literature. The approach 

used to derive it was bottom-up; from the specific archetype 

maps a new one was obtained, synthetizing the other ones. In 

other words, the result is a summary of the other maps achieving 

a lower level of complexity. Value drivers are underlined in red 

colour, elementary variables in green, while link variables are in 

grey. The relevance of each link in the map was deducted from 

the number of authors discussing the topic and from the specific 

importance given by them in the papers. The map takes into 

account the main variables able to synthetize the main concepts 

regarding distributed manufacturing. In addition to this, similar 

concepts were also grouped in order to avoid redundancy and, 

consequently, reducing the degree of complexity and enhancing 

clarity of the map.   

To sum up, the main conclusions deriving from these steps were: 

1) Disagreement and contrast in the terminology of the 

topics in literature used by different authors. In fact, many 

concepts are used as synonyms in some cases while in others as 

completely different ones.  An example is the concept of 

desktop factories. After reviewing literature on the topic, we 

chose this terminology as the umbrella term for several 

concepts (micro-factories, open production, fablab, etc). In 

other cases, the term micro-factory is used as a synonym of 

mini-factory, which is instead a pretty specific model in 

literature. 
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2) Misalignment in the link between real cases and 

literature. In the description of the cases many current terms 

differ from the same in the literature. This is especially true for 

example in the context of cloud manufacturing. It is possible to 

see that some cases outlined in literature (e.g. Quirky) are cited 

as an example of both cloud and social manufacturing. 

However, the misalignment arises when the same authors 

define cloud and social manufacturing as distinct production 

models. What we have concluded after the review of such topics 

is that social manufacturing can be considered as a specific 

development of the cloud paradigm. Therefore, given that the 

two concepts are neither completely overlapping nor 

completely distinct, the issue of assigning real-world cases to 

their appropriate concept still remains. 

 

 
Figure 3 General causal loop diagram 

V. MODELLING 

After the literature review, the main variables identified were 

used to build the model able to classify the different archetypes 

concerning distributed manufacturing. In this section the model 

is described in all its components. For the development of this 

model we started from what emerged in the literature review. In 

particular, the careful reading and analysis of articles allowed 

to detect the essential relationships between concepts and 

topics. Moreover, moving beyond the features of the specific 

production model presented (i.e. the archetypes), those 

dynamics have been generalized in a single map with the help 

of system thinking methodology. In this way, it has been 

possible to build the chain of relationships that links the basic 

elements of a production system to its broad value drivers. 

Being reassured by the fact that those relationships are founded 

in peer-reviewed articles, the nodes and links of the general map 

were used as the starting point of the model. The nodes of the 

general map belong to different levels. Therefore, as shown in 

Figure 4 the building blocks of the model are organized in 
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accordance with the different levels. The chart lists four different 

levels: elements, axes, archetypes and value drivers.  

 

Figure 4 Building blocks of the model 

 The elements (Figure 5) are the fundamental components of a 

production system model. They have been defined in such a 

way that they would be able to capture how different 

production networks are operating. Elements could be of three 

types: network characteristics, resource characteristics and 

types of resources. 

Network 
characteristics 

Resource 
characteristics 

Type of 
resources 

End-customer roles Closeness to market Cloud 

Type of 
customer 

Distribution of operations CPS 

Degree of interaction Degree of modularity Search engine 

Extent of relationship Size of equipment Real-time quoting 
system 

Point of postponement Machine portability Pay-per-use model 

Management and control Information shared  

Platform openness  

Figure 5 Elements of the model 

The upper blocks of the model consist in the classificatory axes. 

The customer integration and the service orientation represent 

the two main dimensions used to classify a production model. 

The first classificatory axe chosen for the model is customer 

integration. The level of customer integration is defined by the 

extent to which a customer takes part to value-creating 

processes. Thus, it could be seen as a measure of how much 

customer roles extend to the scope of activities traditionally 

associated to companies. In the context of customer integration, 

there is room for several trending concepts such as co-creation, 

presumption and crowdsourcing. Of all these topics, customer 

integration was chosen as a main axe because it is a concept able 

to address most of the elements previously described. In addition 

to this, it is an easily understandable concept able to distinguish 

between different production archetypes.  

To complete the model, it is necessary to find a second 

dimension able to classify production archetypes, the service 

orientation. Indeed, while network elements contribute to 

determine the level of customer integration, the dimension 

defined by the resources used and their properties is quite subtle. 

The set of resources considered include both pure information 

technologies, such as social media, and technologies that operate 

on the border between digital and asset worlds. The 

characteristics of resources included in the model are instead 

showing the fragmentation of activities and location specificity 

as possible interesting dimensions. In order to combine all these 

aspects in   an overall view, we decided to rely on the level of 

service orientation in production as our second classificatory 

axe. We define therefore the level of service-orientation as the 

extent to which manufacturing resources and process are 

delivered to the network in the form of services. 

At an even higher level, we found archetypes, with the related 

demarcated areas on the bi-dimensional space defined by the 

classificatory axes. Those areas correspond to the four main 

production model archetypes found in literature.  

Mini-factories are a specific form of new organizational 

structure required for mass customization. These structures are 

taking the form of integrated sales, innovation, customer 

interaction and production units that are in close proximity to the 

customer [5]. The typical customer of a mini-factory is a simple 

consumer, asking for customized products and/or services. 

A different production archetype is represented by mobile 

factories. The term refers to moveable production facilities that 

could be easily deployed at different locations. There are three 

possible types of mobile factories: individual factories housed in 

large vans when location changes weekly, sets of several 

container size factory units when location changes monthly or 

yearly, modular factories with pre-fabricated elements for more 

stable locations [10]. Even if processes need to be adapted to 

local conditions, the possibilities for the consumer to customize 

the goods is quite limited. 

Another key production archetype consists in desktop factories. 

The concept has been developed as a consequence of several 

trends such as the downsizing of production equipment and their 

democratization, the involvement of customers in the role of 

prosumers, the use of additive technologies that enable single-

batch production. There are three scenarios for desktop 

factories: manufacturing at the point of use, manufacturing in 

neighborhood facilities and home fabrication. The desktop 

factory is the archetypes with the highest level of customer 

integration. 

Cloud manufacturing is a customer-centric manufacturing 

model that exploits on-demand access to a shared collection of 

di- versified and distributed manufacturing resources to form 

temporary, reconfigurable production lines which enhance 

efficiency, reduce product lifecycle costs, and allow for optimal 

resource loading in response to variable-demand customer 

generated tasking [14]. Differently from the previously 

described models, cloud production offers a great flexibility in 

its implementation. Depending on who is joining the cloud, the 

network can configure itself to accept different levels of 

customer integration. 
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Once described the four archetypes in terms of the model 

elements, the next step is to place them in the bi-dimensional 

space created by the two axes. Figure 6 shows the positioning of 

the production archetypes. 

Lastly, the highest level of the model is dedicated to value 

drivers, which are basically a rationalization of all the factors 

leading a production network to create value for a company. 

Furthermore, these building blocks are stacked up because the 

analysis performed at each level is necessarily derived from 

information contained in the lower one. Finally, as final step, the 

proposed model has been validated through its application on 

eleven real cases. 

 

Figure 6 Positioning of the four production archetypes 

VI. VALIDATION AND DISCUSSION 

So far, the model has been drafted following a deductive 

approach, which started from the identification of the main 

production concepts and most relevant variables in the 

literature. To validate and further refine this work, some 

applications with real world cases ware performed: this allowed 

the authors to understand the accuracy of the model and 

improve it. First of all, the goal was to test the model ability to 

classify cases properly. Therefore, each case was put on the bi-

dimensional chart according to the value of their variables. 

Given that the selected cases are quite different, they were 

supposed to be spread all over the chart: this would have 

confirmed that the model is able to classify them sufficiently. 

The second aim of the validation phase is to check whether 

theoretical production archetypes are matched by clusters of 

cases emerging from the real world. Archetypes could be seen 

as selective representations of reality, therefore it is possible 

that they are not fitting with real-world cases. 

From Figure 7 it is possible to detect three different clusters. 

The first on the left includes Facit Homes and Local Motors 

Mobifactory. This group has approximately the same 

positioning of the mobile factory production archetypes. 

Therefore, it is possible to say that the theoretical model of 

 
Figure 7 Cases positioned on the chart 

mobile factories is validated by the presence of these two 

practical applications. With regard to the second cluster, which 

we called advanced microfactories, there is a slight 

misalignment between theory and real-world cases. 

Moreover, they show features that are more typical of a desktop 

factory, such as the extensive implementation of direct digital 

manufacturing. However, compared to the scenarios described 

for desktop factories, this group of cases appears to be closer to 

the industrial context. Indeed, the concept of desktop factories 

encompasses also non-industrial scenarios, such as home 

fabrication or manufacturing-at-the mall, where customization 

happens directly in the retail store. In both cases, one critical 

aspect of the design of desktop factories lies in the ability to 

maintain safety and ergonomics even in a more domestic 

environment. On the contrary, what we call advanced 

microfactory includes technologies like cyber-physical 

systems, ambient intelligence, sensors and advanced 

automation, so far confined to the industry level. 

Advanced microfactories are also not completely similar to 

mini-factories. While customer knowledge is definitely relevant 

as in mini-factories, the level of customer integration is slightly 

lower. In addition to this, automation is used to a greater extent, 

allowing these production systems to be much more efficient 

than mini-factories. The area dedicated to mini-factories is 

therefore empty. Given that there could be small and little 

known applications of mini-factories, there could be another 

possible explanation of this lack. The theoretical model of mini-

factories has been developed more than a decade ago, when 

opportunities represented by cyber-physical systems, increased 

automation and 3D printing were totally unforeseen. Hence, it 

is quite reasonable that the mini-factory concept is not exactly 

matched by practical cases, especially if we consider that it is a 

clearly delimited model in terms of technologies. From this 

perspective in fact, the previously-mentioned opportunities are 

a necessary development to better serve the purpose of mass 

customization. Moving to cloud production, it is possible to see 

that the practical cases are situated in the middle-left of the area 

covered by the archetype. As a consequence, we could say that 

reality confirms the variety of applications of cloud production. 

However, in the field of cloud production there are two 
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uncovered areas that need further explanation. The first, on the 

upper right, is the space related to social manufacturing 

communities. In this area, we would have expected to find the 

most advanced applications of the cloud paradigm. Among 

these, we include communities of production providers who 

self-organize themselves to provide manufacturing services. 

According to this scenario, the management of the cloud would 

be partially decentralized and there would be an even greater 

involvement of the customer. None of the cases analyzed seems 

to follow the requirement of self-organization. In addition to 

this, even the cases presented in literature appear to be more 

similar to the cases analyzed than to the concept of social 

manufacturing. We could explain the existence of this gap by 

considering the social application as a further development of 

the centralized platforms for cloud manufacturing. From this 

perspective, it is reasonable to say that it is unlikely that groups 

of producers realize the change and self-organize themselves 

into communities without being mediated by a platform. Hence, 

this kind of platforms represents the most realistic 

implementation of the cloud paradigm at the moment. On the 

bottom-right, another advanced application of cloud seems to 

lack. This space should be occupied by platforms that 

orchestrate the exchange of manufacturing services according 

to a pay-per-use model. Platform users should pay for resource 

consumption, rather than for a product. This scenario, very 

common in the field of cloud computing, is not matched by any 

of the cases analysed. As a possible explanation, we should 

consider that it is the most technologically demanding 

application, because it requires a very high level of service 

orientation of the system. For example, in order to enable a pay-

per-use business model, each machine needs sensors for 

monitoring in real-time the consumption of resources. In 

addition, the modularity of services should be even higher, in 

order to allow the user to pay exactly for the activities actually 

performed. However, in the cases analyzed the coordination of 

production providers at the network level involves only the 

exchange of design files, the allocation of orders to different 

producers and, optionally, the scheduling of production 

activities. It is therefore reasonable to say that the current 

amount of information shared in the network is not sufficiently 

detailed to allow an effective pay-per-use business system. 

 

VII. CONCLUSIONS 

The presented work focused its attention on a new paradigm of 

production in contrast with the mainstream concept of 

centralized production, i.e. distributed manufacturing. What 

emerges from the context analyzed is that customer demand for 

more individualization is shifting production models towards 

decentralized ones. In order to keep up with a heterogeneous 

class of clients in a turbulent environment, companies are 

always more inclined towards mass customization. Realizing 

different kinds of products in line with customer needs without 

losing the advantages in terms of efficiency of mass production 

requires new configurations in manufacturing firms as well as 

a new kind and higher extent of collaboration with customers in 

the design process. During the analysis of literature, we found 

that the area regarding distributed production was extremely 

wide including different models, value drivers and main trends 

descriptions. Hence, it was necessary to give order to literature 

themes and relating them with the main topic of distributed 

production. Literature lacked a comprehensive reordering and 

classification of the main archetypes of distributed 

manufacturing. Consequently, after distinguishing among the 

archetypes, a model for highlighting the main characteristics 

and differences among them has been proposed. The axes that 

we identified as the main dimensions were customer integration 

and service orientation. The former was introduced considering 

the rising trend of customer involvement in value creation 

process. The latter was related to the bias towards the delivery 

of a product or a service. According to the model, it was 

possible to have a clear distinction of the archetypes; this kind 

of classification was not still present in literature as well as a 

proper reordering of the main factors affecting the concept of 

distributed manufacturing (final map). What is clear is that 

distributed production is more just than a little fad and more and 

more companies are likely to enter the arena if performances 

and profits will demonstrate to be consistent. Furthermore, it 

was necessary to look for some practical cases in order to see if 

the model was robust in real contexts. First of all, it was clear 

that terminology used by “cases writers” was not as specific as 

the classification of the archetypes of the model proposed. In 

fact, all cases found were referred to as distributed 

manufacturing in general terms. Customer integration and 

service orientation were extrapolated by means of deduction 

from firm corporate sites and secondary sources. The cases put 

on the model confirmed that four main clusters exist. However, 

there is a misalignment between literature and real cases 

grouping. Although the process followed for the model 

realization was quite structured, pros and cons related to the 

model can be detected in Table 1.  

 

Table 1 Pros and cons of the model 

PROS CONS 

1) Area of the graph is covered in 

largest part: The model highlights 

the presence of four main clusters 

covering the largest part of the 

space, showing that the variables 

and dimensions that were identified 

can keep them well separated from 

each other. In this way, the model 

could be quite exhaustive and 

precise to bring focus to the 

differences among the archetypes.  

1) Some relevant variable excluded 

from the model: Although the 

variables selected were stemming 

from literature analysis and research 

on scientific papers, we cannot be 

sure to have extrapolated all of 

them. There could be some 

variables excluded from the analysis 

that could make the separation of 

the archetypes more evident in the 

model. 

2) Only two axes for higher 

interpretability: Considering that 

the model was drafted in order to 

give a clear overview of the main 

archetypes, synthesis of the relevant 

variables was made, deriving two 

main axes. Interpretability is a direct 

consequence, making the model 

more intuitive for the reader.   

2) There could be new archetypes: 

In the near future, new archetypes 

could emerge in literature as well as 

in practice. In addition to this, 

present theoretical archetypes differ 

one from another in terms of 

characteristics and value drivers, 

but they are ideal models.  

3) Robust list of variables: The 

relevant variables extracted from 

literature were selected among the 

most important ones. In addition to 

3) It is not a quantitative model: The 

model was entirely described in a 

qualitative way and deducted from 

literature with no specific reference 
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this, the number of variables is 

sufficient enough to guarantee the 

robustness of the model derived. 

to numbers attributed to variables 

identified.  

 

 

Moreover, according to the model developed in this work, there 

are some aspects concerning distributed production that could 

be carefully taken into account by firm managers. 

First of all, there are firms, as seen in the validation cases, that 

apply distributed manufacturing even though they have not 

proper understanding of which kind of distributed production 

they are working on. The archetypes found and the position on 

the model can give a comprehensive overview of the main 

structures present in this context. In this way, managers can 

realize where the firm could be positioned and have a more in 

depth understanding of which variables are connected and how 

they can influence the associated value drivers. Given the 

simplicity of the model comprising only two main dimensions, 

this operation of a self-collocation in the model by a firm as 

well as a clearer understanding of the positioning of other firms 

could highlight the main differences in the competitive arena.  

Secondly, firms that are external from the context but that could 

perceive the necessity of an evolution towards distributed 

production in the future could have more awareness of the 

possible scenarios and of the main variables that characterize 

new configurations. For example, if a firm is willing to change 

its overall strategy focusing on distributed production, it could 

opt for a configuration similar to one of the archetypes of the 

model. If it wants to act as an intermediary between demand 

and supply, configurations more biased towards cloud 

production could be more effective, considering that the 

provision of a service is prerogative. On the contrary, if a firm 

wants to be more focused on the realization of a product with a 

low level of interaction with the customer in the design process, 

mobile factory configuration could be more appropriate.  

According to the results and performances achieved by firms 

leveraging on distributed manufacturing, other firms could take 

more aware decisions on which characteristics to focus the 

attention, be competitive in the arena but also they could 

understand the key success factors for winning in the market.  

Nevertheless, the presented model has not the purpose to tell 

managers which is the most convenient archetype of distributed 

manufacturing. In fact, a quantitative study of the variables in 

the cases as well as a connection among them and the 

performances was not executed. Hence, a possible evolution of 

the study could cover this area following a more quantitative 

approach and trying to link variables and performances of a 

relevant number of cases. Finally, a further point for future 

researches could be to take in account also the context of 

platform economy in the study, since some of the developments 

in this field appear to come close to cloud manufacturing ideas, 

practically leading to the birth of manufacturing hubs and 

marketplaces for manufacturing capacity. 
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