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Abstract 
Enterprises, companies and manufacturing industry are reshaping their business and 
manufacturing models, because of highly competitive markets that originates from the 
globalization phenomenon. Following that, new engineering paradigms and concepts 
are being used to achieve optimum level of agility, flexibility, creativity, efficiency and 
collaboration among the industries and businesses with distributed environments. The 
cloud computing concept was presented to satisfy the need for more availability, 
reliability and scalability in distributed environments. Succeeding that, the cloud 
manufacturing concept was presented to facilitate the adaption and overcoming the 
limitations of cloud computing concept in industry. According to previous research, 
further investigations from specific perspectives is needed to affect the executives, 
engineers and manager’s comprehension toward adaption of cloud manufacturing, 
because they still hesitate to consider the cloud manufacturing concept as a catalyst for 
facilitation of their transformation process toward globalization. The purpose of this 
thesis is to facilitate the understanding of the cloud manufacturing concept among 
production managers and engineers and the aim is to build a common ground and 
present a unified picture about the current state and contributions of the cloud 
manufacturing concept to production related activities. The thesis uses a systematic 
literature review methodology followed by a quantitative descriptive analysis and a 
qualitative analysis of contents. The analysis was made related to the Y model 
description of production activities. The findings indicate that, the cloud manufacturing 
concept can contribute to all the functions within production but the state of coverage 
of functions is not homogeneous and not yet enough so that production managers and 
engineers can consider using the cloud manufacturing solutions. Following that, the 
cloud manufacturing concept is still in the beginning of its path from providing 
functional solutions towards the point of being a generally usable concept with practical 
solutions for production development activities. Hence, to build a common ground 
which can lead to the creation of usable cloud manufacturing solutions with tangible 
outcomes, more attention must be paid to how to operationalize the contribution to each 
separate function of production, especially those that are less researched at the moment. 
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Cloud Manufacturing, Production development, Production systems, Globalization, 
Digitalization.   
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1 Introduction 
Globalization, that in which businesses or enterprises operates on an international, 
networked and decentralized scale have created more competition in markets. In these 
global markets, the demand for highly customized products are raising and customers 
are increasingly demanding products with lower cost, higher quality, faster delivery and 
shorter time between product generations (Wang, 2013). Resource decentralization, 
outsourcing and operating in different locations are other aspects of globalization that 
also roots from the increasing competition. To win or survive in these competitive 
markets, enterprises, companies and manufacturing industry must reshape their 
business and manufacturing models to achieve the optimum level of agility, flexibility, 
creativity, efficiency and collaboration. Therefore, new engineering paradigms and 
concepts such as Industry 4.0, Industrial Internet of things (IIoT) and cloud computing 
emerged to facilitate these transformations (Wu et al., 2013a).  

1.1 Background 
Manufacturing enterprises are using these new engineering paradigms and concepts to 
integrate their distributed manufacturing and production activities. The terminology of 
an industrial manufacturing enterprise is presented in figure 1 to distinguish the 
production and manufacturing terms from each other.  

 
Figure 1. Terminology of an industrial manufacturing enterprise 

Some manufacturing industry specifically need more availability, reliability and 
scalability for their products and production processes. Cloud computing solutions are 
one of building blocks of the Industry 4.0 concept that are believed to be able to deliver 
more availability, reliability and scalability for production processes and products. In 
the way of manufacturing industry adapting their processes to cloud computing, the 
Cloud Manufacturing (CM) concept emerged to overcome the cloud computing’s 
limitations and improve the adaption and transformation process.  It is believed by the 
researchers that the cloud manufacturing concept can provide opportunities for linking, 
integrating and sharing resources, activities and capabilities among manufacturing 
processes and supply chains (Xu, 2012; He & Xu, 2015; Gilchrist, 2016). 

1.2 Problem description 
It has been argued in many cases that the cloud manufacturing concept can contribute 
to various improvements in manufacturing industries, SMEs and supply chains 
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(Boutarfa et al., 2006; Wang et al., 2013; Lu et al., 2014; Singh et al., 2015). Despite 
that, industrial production managers and engineers still hesitate to consider the cloud 
manufacturing concept as a catalyst for facilitation of their transformation process 
toward globalization and dedicate enough attention and resources. This hesitation 
originates from the state of them not being sure about if the cloud manufacturing 
concept would affect the ongoing production activities and related values. 
Furthermore, production related effects and key drivers of the cloud manufacturing 
concept have been discussed in literature but since the solutions are case specific and 
complex, those presentations fail to deliver an understandable and unified picture of 
related effects to production activities in industrial enterprises. The term “effects” in 
here represents the benefits and challenges that an industrial manufacturing enterprise 
might achieve or face.  
Hence, according to He & Xu (2015) further research from specific enterprise 
perspectives (such as production development perspective) is needed to affect the 
executives, engineers and manager’s comprehension towards the adaption of cloud 
manufacturing. 

1.3 Purpose and research questions 
The purpose of this study is to facilitate the understanding of cloud manufacturing 
concept among production managers and engineers and the aim is to build a common 
ground and present a unified picture about the current state and contributions of the 
cloud manufacturing solutions to production related activities from a production 
development perspective. The term production development refers to development of 
production equipment, tools, methods and processes (Vielhabera & Stoffels, 2014). 
Two research questions have been formulated regarding the mentioned aim. The first 
one is: 

1.  To what extent does the literature regarding cloud manufacturing cover 
industrial enterprises’ production related activities? 

These activities could be affected by implementing cloud manufacturing solutions, 
therefore it would be a matter of interest to know about the possible effects. Hence, the 
second research question is as follow: 

2. What effects can an industrial enterprise expect from the current cloud 
manufacturing concept and solutions?   

By answering these research questions, a holistic overview is expected, which can 
provide a better decision base and facilitate the understanding of the cloud 
manufacturing concept for the intended readers.   

1.4 Delimitations 
The author of this thesis focuses more on the contributions and links between the cloud 
manufacturing concept and production related activities rather than aspects such as 
network settings, mathematical modelling techniques, IT infrastructure, programming, 
algorithms and internet requirements inside an enterprise. Marketing, economical and 
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sociotechnical aspects are delimited from this study to avoid the deviation of the results 
from the focus of the study. 
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2 Theoretical background 
In this section, the main areas of interest and their theoretical backgrounds regarding 
this study are presented. Since the cloud manufacturing topic could be considered 
interdisciplinary and the readers of this study might not have all the knowledge about 
both cloud computing and industrial production I found it necessary to clarify the 
theoretical background and terminologies regarding the main areas of this study. Hence, 
in the following, production development perspective, cloud computing and cloud 
manufacturing concepts will be explained respectively. 

2.1  Production development perspective 
Bellgran & Safsten (2009, p. 44) argued that the terminology of production and 
manufacturing must be clarified since it might create confusion. They have mentioned 
that according to international academy for production engineering, the terms 
manufacturing and production are defined as follow: “Manufacturing is a series of 
interrelated activities and operations involving the design, materials selection, 
planning, production, quality assurance, management and marketing of the products of 
the manufacturing industries” and production is defined as: “the act or process (or the 
connected series of acts or processes) of actually physically making a product from its 
material constituents, as distinct from designing the product, planning and controlling 
its production, assuring its quality”. Therefore, it could be concluded that production 
is a part of manufacturing (Hounshell, 1984; CIRP, 1990; Bellgran & Safsten, 2009).  
Production development refers to “development and operation of production systems 
with a more long-term perspective” (Bellgran & Safsten, 2009, p. 45). Therefore, by 
the term of production development perspective, the author means a perspective that 
considers the development of different processes, tools, techniques, equipment and 
methods involved in production of a physical product in a production system.   

2.1.1  Production system 
A production system basically is a system that creates goods and/or services by using 
different inputs (Lofgren, 1983; Chapanis, 1996; Bellgran & Safsten, 2009). A 
production system might include several subsystems such as material handling system, 
machine system, production scheduling system, process planning system, etc. Figure 2 
shows different subsystems inside a production system. A production system also 
includes the production environment such as shop floor and production activities and 
processes that may consist of one or several sub-systems. 
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Figure 2. Different subsystems inside a production system (Scheer, 2007). 

2.1.2 Production activities and environment 
The shop floor is the physical environment or location where production activities takes 
place in an industrial manufacturing enterprise (Preiss, 2012). Production processes and 
activities on the shop floor are the main core of value adding activities in an industrial 
manufacturing enterprise. According to Preiss (2012) a production system or a 
production organization consists of two chains of functions called the “logistical 
process chain” and the “technological process chain” in which the value adding tasks 
are performed. Following that, Preiss (2012) argued that, to satisfy the customer needs 
and market sales, operations management of industrial manufacturing enterprises needs 
to control and plan the activities and functions in the shop floor environment based on 
availability of resources and capabilities in a realistic manner. 

2.1.3 Preiss`s Y model and Tasks involved in shop floor environment 
In this section, tasks involved in a shop floor environment are presented through a 
reference model called Preiss`s Y model (Preiss, 2012). The reason that I chose this 
particular reference is that it can clearly demonstrate the holistic picture of tasks 
involved in a shop floor environment and the processes in which they link the internal 
capabilities and possibilities of an enterprise to the external demands.  
From my perspective, this reference considers all the necessary aspects to understand 
all the value-adding activities in a general production process that according to Preiss 
(2012) forms an organization of production. Finally, the most important reason behind 
selecting such a model is that it strives to facilitate the adaption of information 
technology in the manufacturing industry that is in line with the aim of our study.  
Preiss`s Y model originates from the Y-CIM model by Scheer (2007). The Y-CIM 
model is a “standard reference model” for industry and according to Scheer, (2007, pp. 
166) it is to be used for “holistic examination of logistical and engineering processes 
alongside the integrated support of information technology within the industrial 
sector.” This model (Figure 3) was developed under the time that industrial enterprises 
were aiming for more efficiency through rationalization of their production processes. 
Inclusion of information technology in this path toward efficiency increase created 
several limited solutions in the beginning. 
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Then the industrial manufacturing enterprises understood that in order to develop these 
solutions to a more generalizable base, they need to adopt their logistical and 
engineering development processes to the information technology trends. Following 
that, Preiss`s Y model were developed for production related activities and functions.  
 

 
Figure 3: Sheer`s original Y-CIM reference model, (Scheer, 1998, p. 93) 

The Y-CIM model, provide a holistic view of different processes in which some of them 
might be out of the scope of our study. Therefore, the author decided to use Preiss’s Y 
model that is based on the Y-CIM model and it is specifically for the production and 
shop floor environment. Preiss’s Y model can link the production activities and tasks 
in shop floor to the physical environment. Therefore, we can argue that using this model 
could be the right way to answer our research question since it is a path toward better 
understanding of the production related activities in an industrial manufacturing 
enterprise. Preiss’s Y model is presented in figure 4. It is necessary to mention that in 
some references, the term “manufacturing” might be used instead of “production” in 
the Y model but as I explained in the introduction chapter, the production term is the 
right term to use in this model for this study. 
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Figure 4. Preiss’s Y model based on Scheer’s Y-CIM model (Preiss, 2012). 

While the basic terminologies and background of production systems and production 
development is necessary for understanding the perspective of this study, it is also 
essential to gain an understanding about the concept of cloud computing to be able to 
link it to the production systems and processes in the further stages of research.  

2.2 Cloud Computing 
The need for more availability, reliability and scalability in distributed environments 
have led to the creation of the cloud computing concept (Rimal et al., 2010). Only the 
essential terms and concepts needed for this thesis will be discussed and explained. 
Therefore, to understand and gain a basic view of cloud computing I may refer to 
national institute of standards and technology’s definition of cloud computing as 
“Cloud computing is 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” (Mell & Grance, 2011, p. 
6).  
In other words, cloud computing is a business model that makes it possible to buy 
computing capabilities and resources over the internet rather than possessing or owning 
the infrastructure. A good example to facilitate the understanding here is “electricity”. 
You do not need to have the electricity production facility and infrastructure; instead, 
you can use the electrical devices by using the provided electricity resources through 
cable networks (Rouse, 2016). The cloud computing model can provide five important 
basic services for end users being “on-demand self-service, broad network access, 
resource pooling, rapid elasticity and measured service” (Mell & Grance, 2011, p. 6).  
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Since in the cloud computing concept, everything is considered as services, then, to 
deliver these services, several different service models are being proposed (Rimal et al., 
2010). These most essential service models are Software as a Service (SaaS), Platform 
as a Service (PaaS), Infrastructure as a Service (IaaS) and Hardware as a Service 
(Haas) (Xu, 2012).  
Many businesses and enterprises benefit from cloud computing solutions alongside 
several types of end users for different purposes. Manufacturing industry also benefits 
from cloud computing services and models. While services such as enterprise resource 
planning (ERP), customer relationship management (CRM), Business to Business sales 
(B2B Sales) and business process management (BPM) are examples of direct use of 
cloud computing concepts and services in the manufacturing sector, the cloud 
computing models and services still may have some limitations when facing new 
customer requirements and different manufacturing environments. Hence, the concept 
of cloud manufacturing was presented to overcome the limitations and facilitate the 
adaptation process (Gilchrist, 2016).  
 

 
 
Figure 5. Direct and indirect use of cloud computing solutions in an industrial manufacturing 

enterprise in a transformation process.  

2.3 Cloud Manufacturing 
Outcomes and development of new digital concepts and services such as cloud 
computing, Industrial Internet of things (IIoT) and IT networks encouraged the 
manufacturing industry to move towards digitalization and the idea of being a smart 
industrial manufacturing enterprise (Figure 5). As the manufacturing industry became 
more IT reliant, decentralized and globalized because of the need for more agility, cloud 
manufacturing concept have emerged (Xu, 2012). Ren et al. (2015, p. 187) argued that 
Cloud manufacturing, is “a new manufacturing paradigm as well as a business model” 
that is based on the cloud computing concept.  
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Based on NIST’s definition for cloud computing, Xu (2012, p. 75) defined cloud 
manufacturing as: ‘‘a model for enabling ubiquitous, convenient, on-demand network 
access to a shared pool of configurable manufacturing resources (e.g., manufacturing 
software tools, manufacturing equipment, and manufacturing capabilities) that can be 
rapidly provisioned and released with minimal management effort or service provider 
interaction’’. Cloud manufacturing considers transforming manufacturing capabilities 
and resources such as hardware and software into a cloud as virtual and visualized 
services that can facilitate the management activities of manufacturing resources, 
operations, processes and capabilities (He & Xu, 2015).   
Cloud manufacturing strives to create a shared pool of distributed manufacturing 
resources such as production/product development software and tools, capabilities such 
as product development capabilities (e.g. design, simulation and test) and production 
capabilities (e.g. assembly and QC). According to Ren et al. (2015, p. 189) a cloud 
manufacturing system “is a system, consisting of cloud users, a cloud platform, 
manufacturing resources and capabilities, supporting specific applications in a 
manufacturing domain.”  
In this theoretical background chapter, the main areas of interest regarding this study 
were explained to create a better understanding. In this section, the author explained the 
production development perspective and its aspects. The terms of production and 
manufacturing were clarified and concepts such as production systems were discussed. 
Activities in the production systems and mainly regarding shop floor environment are 
presented through the Y-CIM and Y-model because this model is capable of bringing a 
better understanding of shop floor functions and activities that takes place in the value 
adding process aiming for adaption to information technology solutions. Furthermore, 
the concepts of cloud computing and cloud manufacturing were briefly discussed. In 
the next chapter, the methodology regarding this thesis is presented. 
 

 

 



Method and implementation 

16 
 

3 Method and implementation 
Methodology is the design process or the procedure of conducting research and it 
includes research strategies which the research process and the methods to be used in 
the research procedure are based on. These methods defined the way that a specific 
result is to be achieved or calculated (Howell, 2012). Therefore, this chapter aims to 
create a clear view of the research process and design.  
At first the rationale behind selected methods, data collection techniques and data 
sources is discussed. In this part, the compatibility between methods and research 
questions is explained. Secondly, the design of the research process is described 
followed by the illustration of the different stages of this research. The process of 
collecting relevant data is explained thoroughly. For a better understanding, detailed 
information regarding the data collection process is also presented in tables.  

3.1 Research design and approach - Systematic literature review 
According to Williamson (2002, p. 61) “The literature search and review involve 
identifying, locating, synthesizing, and analysing the conceptual literature, as well as 
completed research reports, articles, conference papers, books, theses, and other 
materials about the specific problem or problems of a research topic”. So, it is 
necessary to consider the aim of the study before selecting the method for literature 
search and review process. Since the aim of this study is to present a unified picture 
regarding current state and effects of applying the cloud manufacturing concept in 
production related activities from a production development perspective, then we need 
to have a holistic view regarding prior research and data presented by researchers. 
Seuring & Muller (2008) argued that such issues could be investigated through a 
systematic literature review. A systematic literature review strives to identify, choose 
and evaluate relevant literature to the problems and questions in the research (Ashby et 
al., 2012; Sansone et al., 2017). Hence in here, the mentioned research questions will 
be investigated through a systematic literature review.  
Designing and controlling the process of performing and methods used in a systematic 
literature review is important, since a systematic literature review strives to be clear, 
understandable and reliable (Crossan & Apaydin, 2010). A systematic literature review 
may have three steps to follow. The first step will be the planning the literature review. 
The first stage includes activities such as need identification, proposal preparation and 
protocol development. Second step will be the conducting step which includes 
identification, selection and quality evaluation of literature. The last step is the reporting 
step that consists of presentation of findings and recommendations alongside any 
practical implications (Tranfield et al., 2003). Figure 6 present the research design of 
this study based on the model by Tranfield et al. (2003). 
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Figure 6. Research design of the study, adapted from Ashby et al. (2012) and Tranfield et al.’s 
(2003) model. 

3.1.1 Planning step 
During this step, the need for the research, research objectives and main data sources is 
to be identified. The previous publications, research and knowledge must be 
investigated to identify the need for the research and justify the research path. The goals 
of the research must be in line with the issues and questions that have not been answered 
yet or not been covered satisfyingly (Sansone et al., 2017). The need for this research 
alongside the research questions and their justifications have been specifically 
addressed in the introduction part.  
Furthermore, the planning step includes activities of defining search strategy, inclusion 
and exclusion criteria and identifying valid and reliable data sources (Kitchenham et 
al., 2009). Crossman & Apaydin, (2010) argued that data collection ways such as 
identifying relevant papers by panel of experts, using knowledge of existing literature 
or using keywords to search in different databases might be influenced by personal 
opinions and in some cases, could move toward bias. In a systematic literature review, 
this “subjectivity of data collection” will be avoided when we use a “predefined 
selection algorithm” (Sansone et al., 2017, p. 7; Crossman & Apaydin, 2010). The 
following search terms and synonyms presented in table 1 have been identified based 
on the research aim and the research questions. Since the cloud manufacturing topic is 
a recent trend, I found it necessary to include the cloud computing term in the first stage 
of the search. Table 1 represents the basic terms used in the database search and the 
specific search terms used.  
Table 1: Basic search terms Concept/Term 
 

Terms (and synonyms) Search terms 

Cloud manufacturing 
 

Manufacturing Cloud  
Cloud Manufacturing Manufacturing 
 "cloud manufacturing" 

Cloud computing Cloud computing "cloud computing" 

 
Although almost all the articles related to cloud manufacturing covers cloud computing 
principles (because of the hierarchical setting of the two topics – cloud manufacturing 
is a part of cloud computing), the following search strings was also used in order ensure 
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the validity of the search process in the same data bases as used for the mentioned search 
terms in table 1. 

• TITLE-ABS-KEY ("cloud manufacturing") AND ("cloud computing") 
• TITLE-ABS-KEY (manufacturing) AND ("cloud computing") 

To define the inclusion criteria, mentioned search terms in a bow were considered and 
based on them, a set of search terms were included in the search process. The data base 
search was conducted during 2016 and since cloud manufacturing is an emerging and 
trending topic. Furthermore, only papers with English language have been included. 
Table 2 represent the delimitations, inclusion and exclusion criteria designed for the 
first screening stage.   
Table 2: Delimitations  

Options Explanation 
Field Title, Abstract, Keywords 
Time 2011-2016/07 
Document type Article or Review 
Language English 

 
The mentioned search terms were used for finding literature based on the inclusion of 
the search terms in the title, abstract or the keywords section of publications for the first 
screening stage. For the second screening stage abstracts of all the selected literature 
were read to identify publications that might be used in the third stage that included 
reading through the publications. Table 3 represents the designed guideline for selecting 
publications after each screening stage in this systematic literature review.  
Table 3: guideline for selecting publications after each screening stage 

Screening 
stage 

Stage name  Description 

1 Title screening Inclusion of search terms in title, 
abstract or keywords 

2 Abstract reading Direct mention of cloud manufacturing 
context, aspects, implications, concept, 
algorithms, paradigms methods and/or 
models in the abstract 

3 Full text screening Relevance and contribution to the aim 
of the study and answering the 
research questions 

 
The papers related to information technology engineering, infrastructure, interface 
design and marketing aspect of cloud manufacturing was being excluded from this 
study. As an exception and based on the recommendations of experts, a book (Cloud 
manufacturing by Li & Mehnen, (2013) was included in the sample to be investigated. 
The author decided to include this specific book mainly because of two reasons. The 
first reason was that the order of the chapters of the book contributed to understanding 
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of specific aspects of the cloud manufacturing topic and the second reason was that the 
articles included in the book were edited and had some differences with the ones that 
were published in journals.  
Three databases, Scopus, Primo (Jönköping University Library database) and IEEE 
Xplore were selected to be used in the systematic literature search. Scopus was selected 
since it is the largest database of peer-reviewed literature and it is comprehensive, 
frequently updated, unbiased and reliable. Primo or Jönköping University’s library 
database was being used because it was covering many peer review journals and 
therefore it also covered the intended area suitably. The motivation behind using IEEE 
Xplore database was that it is a powerful database for well-cited technical publications 
and engineering E-Books where computer science, cloud computing and cloud 
manufacturing topics are included. 

3.1.2 Conducting step 
After reading abstracts, papers that did not refer to cloud manufacturing concept and 
production were excluded. From 562 papers, a total number of 397 paper were excluded 
and 165 papers were selected for the next step to read through entire paper. Since it was 
impossible to access 40 papers, 125 papers were selected to read through. After reading 
the papers, 39 papers were excluded and the final sample consisted of 86 papers. Four 
papers were added to the sample later after revising the collected sample.  
Table 4: Number of papers included or excluded during the first stage of screening 

Combinations Number of 
papers 

Decision 

Cloud 124354 Not selected (too 
broad) 

“Cloud Computing” 10949 Not selected (too 
broad) 

Manufacturing 220626 Not selected (too 
broad) 

("Cloud Manufacturing") AND ("Cloud 
computing") 

196 Included 

(manufacturing) AND ("cloud computing") 366 Included 
Total sample for first stage 562  
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Table 5: Number of publications included in the systematic literature review in each 
screening stage 

Sample revision Number of papers 
Sample after first stage screening 562 
Included after abstract review (2nd Stage) 165 

Not possible to access  40 
Included after paper review (3rd stage) 86 
Excluded after paper review (3rd stage) 39 
Added after revision 4 
Final sample 90 

 
To justify the arguments about the cloud manufacturing topic being a recent emerging 
trend, descriptive analysis and content analysis of selected publications is presented in 
the reporting step. 

3.1.3 Reporting step 
The reporting step includes presentation and analysis of results alongside answering the 
research questions. In this step, the findings of the study are presented. So, this part is 
basically, “the primary value-added product of the review” or in another word, it is the 
contribution of the research to the current knowledge (Crossan & Apaydin, 2010, p. 
1157). 

3.1.3.1 Method of analysis 
To evaluate the collected sample regarding coverage of functions in production 
organization, I read through the papers in the sample. If the contents of a paper pointed 
out or were relevant to any of the Preiss’s Y-model functions, then the paper would 
receive one point for each function. For example, if a paper talks about quality 
assurance related activities in cloud manufacturing and activity monitoring functions, 
then the paper will receive one point each in these functions. A term named as 
“paper/points” was defined, in order to evaluate the of coverage by literature for each 
Y-model function. In other words and for example, if seven papers mentioned quality 
assurance related activities in cloud manufacturing, then the quality assurance function 
will receive seven “paper/points”. Then the collected sample were evaluated regarding 
their links with the functions within the Y-model and a table including the functions 
and motivations behind each link was created. Table 6 represents three examples of the 
sample evaluation and linking the context of each article to the functions of Y-model.  

3.2 Summary of chapter 
In this methodology chapter, research methods, strategy and design was presented. 
Then I explained how the research methods and design fits the research questions and 
how they were applied to search for the keywords while moving towards the aim of the 
study. In another word, the way that I achieved the specific results of this study are 
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explained and can be repeated with the same results. Data collection techniques, 
inclusion/exclusion criteria, exceptions and data sources is also discussed to increase 
the reliability of the work. Furthermore, the validity related aspects of the research 
methodology such as validity of resources and databases is explained to maintain the 
optimum validity state. 
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Table 6. Three examples of the sample evaluation and linking the context of each article to the functions of Y-model.  

No File name 
(Year-Author) 

Method Category in   Y-
model 

Motivation Journal 

1 2013-Wang Literature 
review & 
Case study 

Capacity requirement 
planning, Activity 
monitoring, Tool 
administration 

Pointed categories are mentioned in the title and abstract. The main argument 
of this paper is also regarding how can cloud manufacturing solutions 
contribute to make production planning process more feasible and time 
efficient. The concept of distributed process planning that is mentioned in this 
article considers the activities in the mentioned categories in the Y model. 
Following that, the paper argued about how can activities such as real-time 
process monitoring, dynamic resource scheduling, remote device control and 
distributed process planning affect the production processes and facilitate the 
attributed decision-making activities. 

C
IR

P Journal of 
M

anufacturing Science and 
Technology 

2 2014-Paniti Case study Material requirement 
planning, Product 
design & 
engineering, 
Production/assembly, 
Tool administration 

This article mainly argued about the technological process chain of the Y-
model in which the cloud manufacturing solutions made it possible to connect 
the customer directly to the production facilities. It mentiond the needs and 
limitations for such approaches must be specified for the customer before 
connecting him/her to the available production faculties, for example the 
machine limitations and product parameters. Also, regarding the logistical 
process chain, it proposes that a material data base could be used for 
customer's reference and to plan the order. 

C
IR

P Journal of 
M

anufacturing Science 
and Technology 

3 Wang&Wang-
2014 

literature 
review & 
empirical 
study 

Controlling/order 
tracking, Product 
design & engineering 

Introducing the term of cloud remanufacturing, this article strives to link the 
product life cycle to the cloud manufacturing activities in order to recycle the 
electronic products. Following that, the paper proposes a cloud based 
remanufacturing system but it does not mention the details and the 
possibilities of implementing such system in other areas. It also addresses 
some methods of product order tracking such as RFID, GPS, QRs and 
wireless sensor networks that they are related to "controlling/order tracking" 
cell of the Y-model. 

Society of 
m

anufacturing 
engineers 
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4 Analysis and results 

4.1 Descriptive analysis  
The collected sample include papers from 2011 until August 2016. The data collection 
process has been conducted during August 2016. Although the year 2016 does not 
represents the entire year but I found it important to mention the number of publications 
until August.  
Figure 7 represents the distribution of the papers during the years from 2011 to august 
2016 and their significant growth. A dotted line interpreted as up going trend of the 
published papers in the cloud manufacturing area is also visible on the graph. It is also 
worthy of note that the first published paper in this area goes back to year 2009, when 
the concept of cloud manufacturing was brought forward by Li et al. (2010) but since 
the initial articles regarding the area are in Chinese language they were excluded from 
the sample. The first article in the included sample is by Li et al. (2011) where they 
investigated the realization and the modelling of processing actions in a cloud 
manufacturing environment.  
 

 
Figure 7. Distribution of the included papers in the sample among different years. Dotted line 

represents the trends of published papers. 

As it can be seen in figure 7, the number of articles published in the cloud manufacturing 
area and included in my sample experienced two significant growth points. The first 
point is in 2012, where the number of article raised to ten articles compering to the 
previous year of 2011 by only two articles. It could be argued that as the industry started 
to realize and understand the benefits of using cloud based solutions, then the problems 
in their way created different research questions in the mid of researchers regarding 
how to adopt the manufacturing sector to the recent cloud based solutions. On the other 
hand, it might be also possible to argue that the dramatic growth of implications of 
concepts such as internet of things, dynamic systems (Anderson & Rainie, 2014) and 
decentralized manufacturing solutions gained the attentions of researchers around the 
world.  
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The sample of this thesis includes total number of 90 papers from different international 
journals. The major part of the sample is covered by different journals which only have 
published one or two papers from the sample (44 Papers in total) and in this section I 
will name them as “other journals”. After that, International Journal of Advanced 
Manufacturing Technologies (14 Papers), Journal of Manufacturing Science and 
Engineering (11 Papers), Journal of Robotics and Computer-Integrated Manufacturing 
(4 Papers), International Journal of Computer Integrated Manufacturing (4 Papers), 
IEEE Journal of Transactions on Industrial Informatics (4 Papers), CIRP Journal of 
Manufacturing Science and Technology (3 Papers), International Journal of 
Manufacturing Research (3 Papers) and Journal of Computers in Industry (3 Papers) 
are respectively the main journals in the selected sample. Figure 8 illustrates the 
journals and the number of papers published by each from the sample. 
 

 
Figure 8. Main journals and number of the papers (included in the sample) published by each. 

4.2 Content analysis 
In this section, collected data during the systematic literature review are presented and 
analyzed. To fulfill the aim of the study, which is to present a unified picture regarding 
current state and effects of applying the cloud manufacturing concept in production 
related activities from a production development perspective, the collected data and 
findings used in this part are only within the area of production development.  
Based on the analysis of collected sample, there is no paper or any type of publication 
that points out a unified production development related view regarding the cloud 
manufacturing concept. However, some papers mentioned the production related 
activities or functions partly or briefly. In the following, some general models are 
mentioned and then, the Preiss’s Y-model is used to relate the collected data to 
production activities or functions in order to analyze and categorize the findings. 
Preiss’s Y-model model covers most of the activities within the production 
development area. Therefore, it could be argued that by using this model and 
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categorizing the content of the finding within the two chains (logistical process chain 
and technological process chain) of the Y-model, a comprehensive overview can be 
illustrated and the current links between production development area and the cloud 
manufacturing concept can be highlighted.  

4.2.1 General models  
Tao et al. (2014) briefly mentioned that Production control management and 
supervision system is one of the key enabling technologies for cloud computing, internet 
of things and cloud manufacturing concepts. Wang et al. (2014) classified the 
manufacturing tasks in cloud manufacturing systems and presented a model which 
includes some of the production related tasks and activities. Wang et al. (2014, p. 2019) 
defined the manufacturing tasks as the activities that “drive the operation of 
manufacturing and production activities” and classified them into nine categories 
which are showed in the table 7 and figure 9. Yao et al. (2015) took a step further and 
discussed a new and even more complex and futuristic model of intelligent 
manufacturing. They considered manufacturing enterprises as socio-technical systems 
and mentioned that in future trends about intelligent manufacturing, both technical and 
human aspects must be considered and integrated. They argued that in this way, several 
different manufacturing models such as cloud manufacturing must be used to achieve a 
wisdom manufacturing vision. 
Table 7. Categories of manufacturing tasks in cloud manufacturing systems by Wang et al. 
(2014). 

No Category Abbreviation 
1 Design Tasks  DT 
2 Manufacturing and Processing Tasks  MPT 
3 Assembly Tasks AT 
4 Maintenance Tasks MT 
5 Test Tasks TT 
6 Logistics and Inventory Tasks,  LIT 
7 Consulting Tasks,  CT 
8 Computing and Simulation Tasks,  CST 
9 Other Tasks  OT 
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Figure 9. Cloud manufacturing tasks according to Wang et al. (2014) 

Although these general models and suggestions are related to production activities or 
tasks, they mostly cover the theory of the concept rather than presenting or proposing 
functional practices. This could be investigated further by using the Y-model. In the 
following, I present the Y-model’s outline to build a background before presenting the 
analysis of collected data.  

4.2.2 Cloud manufacturing and the Y-model’s outline:  
Preiss (2012) defined the consisting functions or categories of the logistical process 
chain as: 1. Master production planning 2. Material requirement planning 3. Capacity 
requirement planning 4. Order release 5. Scheduling/dispatching 6. Activity monitoring 
and 7. Controlling/order tracking. The second chain of the Y-model is the technological 
process chain where the chain is about technological and executive functions and 
facility administration. These categories in the technological process chain of the Y-
model are: 1. Product planning 2. Product design & engineering 3. Production 
engineering 4. Production/assembly 5. Tool administration 6. Transport/storage 7. 
Maintenance and 8. Quality assurance (Preiss, 2012). Hence, it could be argued that to 
cover all the activities within a production organization, a concept should address the 
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activities within the Y-model. In the following, each process chain and its related 
functions will be addressed, and the available data related to each function are 
mentioned. 

4.2.2.1 Logistical process chain 
Some models can cover more than one function within the Y-model. As an example, 
the most important models which can cover more than one category are mentioned in 
the following.  
Wang’s (2013) distributed process planning (DPP) model: Wang (2013) suggested a 
web-based distributed process planning function as a part of cloud manufacturing 
service, which can perform the process planning activities based on the real-time 
activity monitoring, availability of equipment and dynamic resource scheduling. Wang 
(2013) also mentioned, the web-based DPP can be used for dispatching of jobs and their 
execution status within shop floor environment. Benefits of such a model are mentioned 
as adoptive decision making, re-planning effort reduction, machine idle time reduction 
and avoiding planning redundancy in a decentralized production environment with 
uncertainty. It could be argued that Wang (2013) adopted the logistical process chain 
of the Y-model into a web-based DPP model which can satisfy the planning operations 
requirements of the logistical process chain. According to Wang (2013) inability of 
dealing with complex products is a limitation of this model. 
 

 
Figure 10. Different functions of the Y-model (Preiss, 2012) and their relations with Wang’s 

(2013, P265) DPP and its decision-making modules. 

From my perspective and based on the illustration of figure 10 it could be argued that 
Wang’s (2013) DPP model covers the activities within the logistical process chain of 
the Y-model but it does not mention the functions and the decision-making modules of 
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the technological process chain of the Y-model. One could argue that it might be 
possible to deal with complex products and reduce the limitation of the model by 
including the technological process chain in the architecture of the DPP model but 
assessment of the validity of this hypothesis is out of scope of this study. 
In the following, collected data will be categorized and presented with respect to each 
function of the Y-model: 
Master production planning: Master production planning or master production 
scheduling (MPS) is considered as a form of aggregate planning. MPS is typically used 
to create or propose production schedules for seasonal orders or forecasts of finished 
products to minimize the additional costs such as costs of overtime, extra shifts and 
excessive inventory (Chryssolouris, 2006). Although cloud manufacturing is not just 
implementing manufacturing related software on the cloud platforms (Wang & Xu, 
2013) it could be argued that since activities in the master production planning function 
mostly relies on orders and predictions, software and systems are an important part of 
this function. 
Tao et al. (2014) argued that cloud computing, internet of things and cloud 
manufacturing are key enabling technologies for multi-level optimization of production 
planning. Multiple scheduling scenarios can be created by using cloud manufacturing 
services according to different preferences of customer, which can lead to more 
opportunities and more customer orders (Wu et al., 2013b). Tao et al. (2014) proposed 
a “Cloud Computing and IoT-based cloud manufacturing (CMfg) service system” 
which can be used during the whole lifecycle of the products including the early 
production cooperation and production planning activities. They also argued that, 
proper service selection during master production planning activities are important 
since inaccuracies in this process might create many production disruptions.  
Material requirement planning: The material requirement planning function can be 
described as the activities within planning of required material to produce the customer 
order. These planning activities can be done by computers and related software. 
According to Oxford Dictionary of Business and Management (2009, 5th ed) Material 
Requirement Planning (MRP) is “a computer-based information system that uses 
known orders and forecast orders to produce a commitment to manufacture a given 
number of products in a given period”. Wilson (2016) argued that MRP includes eight 
reintegrated functions including Stock control, Purchasing, Job costing, Payroll, 
Master scheduling, Routing, Inventory management and Capacity planning.  It might 
be argued that some of sub-functions mentioned above might overlap with other 
functions of the Y-model but in this section, I only consider those activities and sub-
functions which are not mentioned in other part of the study.  
Wang et al. (2014a) classified logistics and material handling activities such as material 
purchasing and delivery, storage and inventory verification as cloud manufacturing 
tasks which drives the operation of production. Qanbari et al. (2014) in their model for 
portable cloud manufacturing solutions, suggested a portable and distributed bill of 
material service which can serve for multiple material requirement planning and 
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production purposes. Huang et al. (2013) proposed a cloud manufacturing platform 
where material requirement planning activities happens through the collaboration 
between the cloud manufacturing platform, resource demanders Enterprise Resource 
Planning software (ERP) and resources provider’s ERP.  
To manage distributed resources needed for product development and production 
activities in cloud manufacturing, these resources must be virtualized and encapsulated 
to cloud services so that they can be visualized and managed through different cloud 
based management and planning platforms (Xu, 2012). For example, raw materials, 
product-in-progress and finished products (Figure 11) are categorized as hard resources 
in the cloud manufacturing concept (Lu et al., 2014). Figure 12 presents another 
illustration of manufacturing resources in the cloud manufacturing environment by Zhu 
et al. (2013). 

 
Figure 11. Materials categorized as hard resources in cloud manufacturing concept from Lu et 

al. (2014, p. 555). 
 

 
Figure 12. Resources in cloud manufacturing environment by Zhu et al. (2013, p. 4). 
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A cloud manufacturing system benefits from a virtual resource pool. According to Ren 
et al. (2015) a virtual resource pool is a shared pool of virtualized resources and 
resources providers where all the available resources and their providers are mapped 
and visualized in a virtual environment. Another concept similar to a virtual resource 
pool was suggested by Paniti (2014). Paniti (2014) proposed a material data-base within 
a cloud manufacturing service as a part of the incremental sheet forming process where 
the user inputs are used to search for the right supplier with the right capabilities of 
delivering the desired material or products. Lu et al. (2014, p. 555) also mentioned a 
virtual pool of resources and stated that the key functions of the virtual resource pool 
are “1. Identify manufacturing resources, 2. Virtualize them, and 3. Monitor their status 
in real time”. Xiong et al. (2015) studied different material management systems and 
their links to intelligent technologies such as cloud manufacturing. Based on their study, 
material management systems must be constantly updated and transformed in line with 
the developments of the intelligent solutions implemented in different parties of the 
supply chain such as production organization.  
As an example of material requirement planning activities, a process of NC machining 
cloud service is mentioned by Lin et al. (2014). NC machining cloud service is a service 
oriented platform created in China in order to increase the efficiency and flexibility of 
the complex shape and high precision products (Lin et al., 2014). Although it could be 
argued that the example of NC machining cloud service is related to functions within 
the technological process chain, but the identified section in figure 13 is related to the 
MRP function. Figure 13. represents basic processes of NC machining cloud service 
from Lin et al. (2014) and the activities within an MRP function. 
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Figure 13. represents basic processes of NC machining cloud service modified from Lin et al. 

(2014) and the activities within an MRP function. 

Capacity requirement planning: American Production and Inventory Control Society 
(Blackstone, 2011, Chap. 5) defined the capacity requirement planning as “the function 
of establishing, measuring, and adjusting limits or levels of capacity”. They argue that, 
in industrial production, capacity requirement planning refers to “the process of 
determining in detail the amount of labor and machine resources required to 
accomplish the tasks of production”. Without considering the capacity, production 
planning could not be implemented successfully (Wilson, 2016). It is argued in the 
literature that one of the contributions of cloud manufacturing concept regarding 
capacity requirement planning is to link the manufacturing enterprises production 
facilities to other companies with different process capacity. In this way, by sharing the 
product specific data, one can use the capacity of tools available in another facility. 
Different approaches were proposed by researchers. For example, Nagorny et al. (2012) 
aimed for transformation of production layouts to “an automatically collaborative 
network” and proposed a service oriented architecture which can be used in managing 
and controlling a network of automated machine-tools in a distributed production 
environment. Another approach is proposed by Paniti (2014) where he investigated the 
sharing of Incremental Sheet Forming (IFS) machine tools through the sharing of 
product specification. Furthermore, he argued that this approach can increase the 
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manufacturing flexibility. Following the case studies by Paniti (2014) he argued that, 
the customers can use the machine tools available in the IFS lab such as milling machine 
and forming robots shared on the manufacturing cloud to form their desired product. 
Wu et al. (2015b) studied the capacity related points and scalability planning activities 
for cloud based manufacturing systems. They argued that, to plan for the capacity in 
production, limitations of the system and machines must be identified. These limitations 
and capabilities must be presented in a scalable order to be used in planning activities. 
In the cloud manufacturing concept, industrial manufacturing enterprises may 
outsource some of their production tasks which needs more capacity than what they 
have. Cloud based manufacturing service providers may provide machining or 
processing capacities which these companies could use in different form such as renting 
the machines so that they don’t need to buy the equipment or the machines (Wu et al., 
2015b). Wu et al. (2015b, p. 2) presented the function of cloud based manufacturing 
service providers and their effects on the capacity of the production as following:  

“The cloud-based service providers allow manufacturing enterprises to 
quickly scale up and down their capacity because required manufacturing 
resources (e.g., 3D printers and general purpose CNC machine tools) can 
be added and removed as needed to respond to rapidly changing market 
demand. In particular, these emerging services help manufacturers handle 
transient demand and dynamic capacity planning under emergency 
situations incurred by unpredictable customer needs and reliability 
issues”. 

The cloud manufacturing environment enables the production sector to handle small 
jobs without disruption of large scale jobs or productions by matching the tasks with 
the available resources based on the available capacity (Wu et al., 2013a). Wang (2013) 
stated that cloud manufacturing solutions can contribute to make production planning 
processes such as capacity requirement planning, more feasible and time efficient. Zhou 
& Wang (2014) studied some capacity related perspectives in the cloud manufacturing 
concept and said that, in the cloud manufacturing concept and systems, sharing 
requirements needs to be addressed as capacity requirements. In other words, when the 
cloud user places a request for using a machine tool in a decentralized shop floor, this 
does not mean that the requester or user require to own the machine, instead the 
requester wants to use the production capacity of the machine tool. So, specific 
information such as type of available processing capability, accuracy, and geometrical 
capacity needs to be available for capacity requirement planning function (Zhou & 
Wang, 2014).  
Gao et al. (2015) suggested a cloud based intelligent decision-making system which is 
capable of calculating the production capacity based on real time collection of 
production data through a distributed production data capture module aiming for 
effective and efficient order allocation activities. Zhang et al. (2016) considered the 
delivery time as a function of capacity, which could be used as an evaluation criteria in 
manufacturing cloud services. Rauschecker et al. (2014) argued that to connect the 
production capacity to the cloud manufacturing, process and product related 
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characteristics such as dimensions and processing capabilities must be extracted from 
manufacturing execution systems (MES). They also argued that to be able to plan for 
capacity, a time frame regarding each available machine tool is required. The mentioned 
time frame can be created based on the planning functions such as ERP or MSP.  
Order release: Blackstone, (2008, p. 93) defined the term order release as: “The activity 
of releasing materials to a production process to support a manufacturing order”.  
Order release activities take place according to orders from MRP or bill of materials. In 
a cloud manufacturing environment, these set of orders are made compatible with the 
system. For example, Qanbari et al. (2014) suggested a service oriented cloud based 
and a portable bill of material (BOMS) which can support the material and resource 
management’s processes in the product life cycle. Tao et al. (2014) presented an 
illustration for applications of IoT in manufacturing. According to their findings 
compatible methods such as E-Kanban and RFID could be used to handle the material 
on the shop floor level. 
Supplier involvement in order release activities is an outcome of implementing cloud 
manufacturing systems. Akbaripour et al. (2015) proposed a cloud based global supply 
chain (CBGSC) where manufacturing companies can interact directly with raw material 
suppliers and coordinate the order release activities even if the raw material supplier is 
located in another location far from the production facilities. According to Akbaripour 
et al. (2015) benefits of such an approach towards order release activities are lower cost, 
higher quality and shorter lead time.  
Scheduling/dispatching: Complex tasks in production are completed by scheduling and 
managing the collaborative manufacturing resources (Zhang et al., 2016). Blackstone, 
(2008, p. 123) defined the term scheduling as “The act of creating a schedule” and the 
term dispatching as: “The selecting and sequencing of available jobs to be run at 
individual work stations and the assignment of these jobs to work”. Cloud 
manufacturing can contribute to the scheduling/dispatching function in a production 
organization in distributed manufacturing environments (Zhang et al., 2016). It could 
be argued that, scheduling, allocation and dispatching of manufacturing resources in 
the cloud manufacturing environment, falls under scheduling/dispatching category or 
function of the Y-model. Activities regarding scheduling and dispatching of the 
manufacturing resources are complex, massive and diverse, therefore handling these 
activities requires agile and flexible models (Zhu et al., 2013). 
There are different models which considers scheduling/dispatching function in the 
cloud manufacturing environment. An example of them is Real-time scheduling model 
by Zhang et al. (2016). Real time scheduling model contains sequences of production 
tasks, load status of machines and detailed information of the processes (Zhang et al., 
2016).  
To create a reliable schedule and to be able to dispatch tasks and jobs based on schedule, 
available manufacturing resources must be identified, evaluated, selected and matched 
with the needs of production. Zhao & Zhu (2016, p. 296) proposed “a method of 
resource selection based on service evaluation, which consists of predictive evaluation 
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and recommended evaluation” and Guo et al. (2015, p. 16) suggested “A RFID-based 
intelligent decision support system architecture for production monitoring and 
scheduling in a distributed manufacturing environment” and a “Remote intelligent 
scheduling decision-making (RISD) model” for production scheduling. The RISD 
model is capable of supporting activities such as proposing the processing sequence of 
the orders and dispatching the right tasks for fulfilling the orders. The RISD model 
decomposes the scheduling tasks to three levels as shown in table 8 by Guo et al. (2015). 
Table 8: decomposition of scheduling tasks in cloud manufacturing RISD model by Guo et al. 
(2015). 

 Level Description 
1 Company level After customer confirms the production order, each plant receives 

the assigned task based on order scheduling sub-model from the 
company level. 

2 Plant level After the head company’s confirmation of production orders, each 
shop-floor receives the order schedule. 

3 Shop-floor 
level 

Production of orders in the shop-floor environment takes place 
based on the scheduling sub-model in this level. Each order 
schedule assigns the orders to production lines or machines.  

 
Figure 14 illustrates the RISD production scheduling model in the cloud manufacturing 
environment. As shown the figure 14, the scheduling function assigns production orders 
and after completing the production process, the finished products depart the production 
to another station or directly to customer. 
In cloud manufacturing, different management levels can access the scheduling 
function through the internet. A real-time decision-making database support the 
production scheduling in cloud manufacturing environment and makes the decision-
making activities in production more time efficient and transparent (Guo et al., 2015). 
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Figure 14. Illustration of different scheduling level in the RISD scheduling model by Guo et 

al. (2015). 

Qanbari et al. (2014) argued that a portable web based cloud manufacturing system can 
help to govern the dynamic configuration and execution of shop-floor jobs. Wang et al. 
(2016) proposed a scheduling model which can improve the efficiency of scheduling 
by “matching jobs with resources according to the size of the jobs”. Their model also 
considers scheduling factors such as cost, time, quality and risk and Tao et al. (2014, p. 
1440) suggested “smart match and search of the functional and process requirements 
of simple tasks and cloud services” and “optimal dynamic scheduling technology of 
cloud services” which they considered as two of the key enabling technologies in 
implementation of cloud manufacturing systems.  
Activity monitoring: Chryssolouris (2006, p. 516) defined the term “activity” as “the 
smallest unit of productive effort to be planned, scheduled and controlled”. The activity 
monitoring function in the Y-model considers the conformity and compliance of the 
details from production planning to the execution system. The activity monitoring 
function is responsible for collection, recording and analysis of data generated from the 
physical product flow in the production system. The generated and collected data 
includes data from the current location of product on the shop-floor, current completion 
status, resources being used by the current process, resources being used in the next 
process and unplanned events or delivery delays (Chryssolouris, 2006). 
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In cloud manufacturing environments and systems, the data generated from the activity 
monitoring function could be shared on the cloud platform and used by different users 
involved in the cloud manufacturing system. A cloud manufacturing environment also 
enables all the parties involved in a manufacturing process to be connected through a 
communication channel. The feedback and data generated by activity monitoring 
function in production plays an important role in the mentioned communication 
channel. Feedback data generated by monitoring of activities in production in cloud 
manufacturing environment enables design department to evaluate performance of 
product design and confirm reliability of produced products. After finishing the 
products, activities of machine tool and equipment will be monitored to generate 
reports, analysis, maintenance schedule and upgrade plans (Liu et al., 2016). Figure 15 
represents a simplified topology of a cloud manufacturing model implemented in 
production of customized hydrostatic bearing systems. In this figure the location of 
monitoring activities in the system, the links between the design function (D), the 
production function (M) and the user function (U) are illustrated (Liu et al., 2016).  
 

 
Figure 15. Illustration of a simplified topology of a cloud manufacturing model implemented 

in production of customized hydrostatic bearing system by Liu et al. (2016). 

Tao et al. (2014) argued that process and activity monitoring is one of the key enabling 
technologies for cloud computing, internet of things and cloud manufacturing. Activity 
monitoring may consist of pointing out different changes in the physical world and 
visualizing them into a virtual environment. In order to do that, different tools and 
equipments such as sensors, cameras, counters etc., are used. As showed in figure 16. 
by Lu & Cecil, (2016, p. 1144) these equipment or tools generate and transfer the 
feedback data from physical components of a manufacturing system to its cyber 
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components. Sensors as cyber physical interactors helps us to identify or actuate the 
changes in the physical world (Lu & Cecil, 2016). The data gathered from sensors play 
different significant roles in the cloud manufacturing systems and environments. 
According to Lu & Cecil (2016, p. 1144) at the shop floor level of a cloud 
manufacturing environment, “a segment of sensors provides feedback and monitoring 
of the physical activities including progress of manufacturing activities, problems 
encountered (such as machine breakdowns, etc.) as well camera-based feedback 
showing the detailed progress during a given set of manufacturing, assembly, or quality 
control activities”. Chen et al. (2014) stated that, because of availability of real time 
production information on the cloud platforms, it would be easier to estimate the 
productivity metrics and information on the shop-floor level. Anand (2013) explored 
the possibilities of measuring the Overall Equipment Effectiveness (OEE) through 
cloud computing. He argued that a cloud based real-time OEE which could be accessed 
from any location can contribute to the production and management activities through 
improving scalability and visibility of even small changes in availability, performance 
and quality metrics during production.  
 

 
Figure 16. Monitoring equipment and tools in physical components of a collaborative 

manufacturing system and their links to its cyber components modified from Lu & Cecil 
(2016, p. 1144). 

Controlling/order tracking: The controlling function is responsible for comparing 
actual to planned performance using the data from the monitoring function. 
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Management must take corrective actions, using the available resources on the shop 
floor to balance the performance with the plan (Blackstone, 2008; Chryssolouris, 2006). 
Order tracking is considered as a set of activities required to transfer completed 
products, scrap or unusable material out of the shop-floor control system. After leaving 
the shop-floor control system, the products, scrap or material enters the inventory 
control system and this transfer needs a real-time updated data-base. The performance 
of the shop-floor system is evaluated in this function and enables the company to 
compare the actual performance with the planned performance and plan for long term 
improvements of the shop-floor system (Chryssolouris, 2006).  
Guo et al. (2014) suggested “a cloud-based intelligent decision-making system for 
order tracking and allocation in apparel manufacturing” where their case company 
had several decentralized production plants. In their system, they used combination of 
cloud computing and RFID technology to track the finished products and collect the 
real-time production information. Their solution also includes a web-based user 
interface were the production manager can see tracking information and product status.  
Xiong et al. (2015) argued that to perform the controlling and tracking activities in a 
cloud manufacturing environment, high accuracy of the collected information must be 
kept. To achieve this accuracy, a material coding system which convert the material or 
product’s data to a uniform or standard symbol system can be used so that computers 
and humans can control and track more efficiently. Park & Tran (2015) proposed a 
cognitive agent oriented approach towards controlling or tracking in virtual 
manufacturing systems. These cognitive agents can be implemented as functional 
agents such as work-piece agent, transporter agent, machine agent, and robot agent 
where these agents are capable of communicate with the system by using RFID and 
wireless technology. Wang et al. (2014b) suggested a cloud based remanufacturing 
system for electronic waste which can connect the different recycling and reproduction 
stages for an electronic product to each other by using a cloud based product 
information tracking system that uses Quick Response (QR) codes for collecting and 
sharing the information.  

4.2.2.2 Technological process chain 
Product planning: Kahn, (2001, p. 1) describes the term “product planning” as “the 
process of envisioning, conceptualizing, developing, producing, testing, 
commercializing, sustaining and disposing of an original offering to satisfy customer 
needs to achieve organizational objectives”. Kahn, (2001) also argued that product 
planning activities are very diverse and consists of product development activities and 
product management activities. Because the scope of this study is regarding production 
development, I will only use production aspects of the product development processes 
in the product planning function. By the term “Production development activities in 
product planning” I mean the production related activities before the formal launch or 
introduction of products to markers to sell, such as calculation of production cost or 
considering the fit between the new product to the production or the match between the 
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idea and real production where normally people from production department of the 
organization are involved in the product development teams. 
Although some papers (Tao et al., 2014; Wu et al., 2013a; Wu et al., 2013b) briefly 
mentioned contributions of cloud manufacturing to production related activities in 
product planning such as rapid prototyping, ubiquitous design information access, 
reduction of time to market, affordability and more collaboration between the product 
and production development departments, no more than that is seen among the sample 
papers that I could relate to the production development activities.  
  Product design and engineering: Blackstone, (2008, p. 37) defined the term design in 
engineering as “the conversion of a need or innovation into a product, process or 
service that meets both enterprise and customer expectations. The design process 
consists of translating a set of functional requirements into an operational product, 
process or service”. A cloud manufacturing system and related technologies, enables 
designers to design and simulate the customer ordered products from a location far 
away from the production facility or by using diverse and distributed physical 
production equipment far from each other (Lu & Cecil, 2016). The cloud manufacturing 
concept is consisting of many sub-concepts and practices such as design anywhere, 
make anywhere (DAMA), computer aided design (CAD), computer aided 
manufacturing (CAM), cloud based design and manufacturing (CBDM) etc. In other 
words, the idea and creation of the cloud manufacturing concept were directly linked to 
existence of the mentioned sub-concepts and practices. In a cloud manufacturing 
environment, the design capability of a company regarding specific design competence 
and capabilities are shared in the cloud manufacturing environment for users through a 
service platform. A cloud manufacturing service platform enables the cloud users to 
request product design services as a function of the cloud manufacturing environment 
(Xu, 2012). More customer involvement and feedback in the design stage of the product 
is also another effect of using cloud manufacturing systems (Gan et al., 2015). 
Computer aided design (CAD) is a key enabling technology for cloud manufacturing 
(He & Xu, 2015; Tao et al., 2011; Xu, 2012). Different CAD systems can generate and 
exchange product design data so that this product design data could be shared over a 
cloud manufacturing system to be used by other functions of the cloud manufacturing 
system. To be able to share product design information over cloud manufacturing 
system, standards such as standard for exchange of product data (STEP) can be used to 
unify the data formats from each step of the product life cycle in the cloud 
manufacturing environment (Xu & Nee, 2010). Wu et al. (2015a, pp. 1-2) described 
cloud-based design and manufacturing (CBDM) as “a service-oriented networked 
product development model in which service consumers are enabled to configure, 
select, and utilize customized product realization resources and services ranging from 
CAE software to reconfigurable manufacturing systems”. The CBDM model is 
consisting of a cloud based design model (CBD) and a cloud based manufacturing 
model (CBM) where the CBD model is cloud based, ubiquitous and able to handle 
complex information flows. An example of CBD is the application provided by 
Autodesk Company which operates on a cloud based platform and can convert photos 
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to 3D models and the data can be converted to products by 3D printers through internet. 
Furthermore, an advantage of cloud based crowdsourcing design platforms is that the 
CBD model can gather more and more design ideas from several decentralized sources. 
For example, expert communities or engineers could propose and discuss their ideas 
regarding the design of a product (Wu et al., 2015a). Valilai & Houshmand, (2014) 
argued that integration of engineering design data bases and product information in the 
cloud manufacturing environment would lead to more manufacturing efficiency. 
Qanbari et al. (2014) proposed a portable cloud manufacturing system model that can 
serve several factories as a manufacturing ecosystem which can support the design 
related and DAMA activities.  
More functional solutions such as different software could be seen but the works in this 
area do not follow a unified trend. To be clearer, there is no unified solution that can 
cover all the activities within the product design and engineering function in the cloud 
manufacturing environment.  
Production Engineering (Process planning) and Production/assembly: Although it is 
mentioned in Preiss’s Y-model that production engineering function is a part of 
planning activities within the Y-model but here production engineering function or 
process planning function is directly linked to the production /assembly function so it 
might be difficult to draw a border in between them. Therefore, I decided to merge these 
two functions and evaluate the literature based on a merged function which considers 
both the process engineering during the planning activities and also the activities within 
the production/assembly function.  
Basically, production engineering refers to activities which aims for rationalization of 
production (Bellgran & Safsten, 2009) where these activities could begin from the 
planning stage and continue during the actual production of products. During the 
assembly of parts or products, humans or machines perform different tasks to complete 
the assigned process. Wang (2013) suggested that detailed procedures and tasks for 
each machine on the shop floor could be addressed through machine-level operation 
planning as a function of the distributed process planning in cloud manufacturing 
services. Improvements in activities such as process planning, through cloud 
manufacturing services and solutions would positively affect production and 
development factors such as efficiency when more activities could be done by less 
efforts and lower costs (Huang, 2015). Wu et al. (2015b) mentioned scalability as one 
of the characteristics of cloud based manufacturing systems and demonstrated some 
links between the scalability and cost-effectiveness of production engineering 
activities. Qanbari et al. (2014) stated that portable cloud manufacturing solutions can 
improve the resilience of the production lines so that the components of the production 
lines can be more resistant to breakdowns and failures.  
Products and parts are rarely produced by a single machine or tools and in most cases 
many machines, equipment and assembling activities take part in this production, 
therefore these machines and process equipment need to coordinate and cooperate with 
each other in centralized or de-centralized production facilities (Wu et al., 2013a). 
Concepts such as Machin-to-machine communication (Hao et al., 2005) have helped to 
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improve the cooperation and coordination among the shop floor machines and 
equipment. Cloud manufacturing by ensuring the shop floor connectivity facilitate the 
machine-to-machine connectivity efficiently and effectively (Wu et al., 2013a).   
Guo et al. (2014) argued that a cloud based intelligent decision-making system (CIDM) 
can be used for real time diagnosis and decision-making in production facilities by 
providing real time production data and feedback for production engineers and 
management. They also argued that the CIDM system can improve the efficiency and 
effectiveness of decisions taken by production department. 
Zhang et al. (2015) mentioned improvements in information flow among the production 
as a possible result of using cloud manufacturing systems. According to Huang et al. 
(2015) some cloud manufacturing solutions can free up shop floor space by removing 
the physical hardware such as metrology servers for automatic measurements.  
Tool administration: In production, tools are referred to production equipment and 
machine tools. Tools are the link between raw material and finished products and every 
product is produced directly or indirectly through the production tools (Dertouzos et 
al., 1989). Machine tools in production is defined as “non-portable machine with an 
integral power source which causes the relative motion of tool and a work piece in 
order to produce a predetermined geometric form or shape” (Chryssolouris, 2006, p. 
127). Tool administration refers to administration or management of associated 
functions of the production tools such as reliability, right configuration, durability etc. 
(Pegels, 1988). Durability and health of machines or tools in shop-floor environment 
have been mentioned among cloud manufacturing literature. Chandrasekaran et al. 
(2013) proposed an online machining optimization model in which a system suggests 

initial and right configuration while considering tool life. Moreover, Wang & Xu (2014) 
talked about “a unified framework and platform for designing of cloud-based machine 
health monitoring and manufacturing systems” in which a cloud-based framework is 
being used to predict the durability of machines.  
Transport/storage function: This function mainly relates to the logistical activities 
inside an organization of production. According to dictionary of transport and logistics, 
logistics is defined as: “Planning, implementing, and controlling of transportation 
activities and storage of goods; including services with related information, from the 
point of origin to point of use to meet customer requirements”. In an organization of 
production, logistical activities are also the same as in the mentioned definition by 
having different flows of information and material (Jonsson & Mattsson, 2005). It was 
rarely mentioned in the cloud manufacturing literature about transport/storage function 
and the logistical aspects of production activities or an organization of production.  
Chen et al. (2014) proposed a cloud based logistic management information system 
which can provide real-time data regarding logistic activities at the shop floor or other 
parts of the company. They also argued that the proposed system could reduce the 
inventory process time and missing rate of products in production. Abedi et al. (2014) 
mentioned that by using cloud computing in supply chain management and in some 
functions of production activities, the amount of incorrect or inaccurate deliveries or 
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material and products could be reduced and therefore the lead time or backlog problems 
will eventually decrease, but I found no more than this in the literature regarding the 
transportation or logistics faction within cloud manufacturing solutions. 
Maintenance Function: Maintenance is defined as “the combination of all technical 
and administrative actions, including supervision actions, intended to retain an item in, 
or restore it to, a state in which it can perform a required function” (Standard, 1993, 
Sec. 3811).  The primary process in an organization of production must be supported 
by a maintenance function and as the production related processes, facilities and 
equipment are becoming more and more advanced and complex, the maintenance 
function plays a significant role in reducing the risks originating from the complexity 
related problems (Alsyouf, 2009). Maintenance is also a topic discussed by different 
researchers in the cloud manufacturing concept. Wang & Xu, (2015) stated that cloud 
manufacturing would reduce the maintenance and support costs for companies that 
share the cost-effective manufacturing resources which need less support and 
maintenance. Park & Tran (2015) argued about smart and cloud based manufacturing 
systems, where they can dynamically reschedule the production when a machine or the 
system needs maintenance because of disturbances or breakdown. Wang et al. (2015) 
proposed an approach for predictive maintenance in cloud manufacturing. This 
approach is mobile based and therefore a remote service could be used by the user 
instead of traditional centralized predictive methods. Husejnagić & Sluga (2015) 
proposed an architecture for monitoring of machines and equipment inside workshops, 
which they believe can be used to predict the need for maintenance. Cloud-enabled 
prognosis, proposed by Gao et al. (2015) is another approach directed towards the real-
time monitoring and diagnosis of faults and problems in shop floor equipment and 
production machinery. They claimed that it can improve the productivity, profitability 
and efficiency.  
Quality assurance: ESS Quality glossary (2010) defined quality assurance as “an 
organization’s guarantee that the product or service it offers meets the accepted quality 
standards”. Quality assurance is also including the processes and procedures to verify 
that the qualifications and specifications of a method or approach meets the standards 
(Tuck, 2007). Park and Tran (2015) considered the term quality as one of the objectives 
that smart manufacturing such as cloud manufacturing systems would be able to satisfy 
and as an example, brought forward the machining quality improvements through self-
adaption and self-optimization of processes. Wu et al. (2016) proposed a “cutting 
process-based optimization model of machining feature in cloud manufacturing 
system” which can improve the machining quality. Morariu et al. (2015) stated that the 
possibility of including technologies such as X-ray scanning and video inspection in 
cloud manufacturing solutions can influence the assurance of reaching the acceptable 
quality criteria in production and Huang et al. (2015) developed an automatic virtual 
metrology (AVM) which can predict the production quality of produced wafers in 
semiconductor industry.  
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4.3 Answering research questions 
In the content analysis section, I tried to link and clarify the available knowledge 
regarding each function to fulfill the purpose and create a common ground. By 
answering two research questions, I will try to evaluate the current state and provide a 
better understanding. Hence, based on the collected and analyzed data, I answered the 
research questions of this study as following: 

RQ1: To what extent does the literature on cloud manufacturing can cover industrial 
enterprises’ production related activities?  

Based on the data analysis and the methodology mentioned in section 3.1.3.1, it could 
be argued that product design and engineering function has the leading role in being 
covered by selected literature and after that, activity monitoring, production 
engineering, capacity requirement planning, scheduling/dispatching, material 
requirement planning, controlling/order tracking, master production planning, quality 
assurance, production/assembly, tool administration, product planning, maintenance, 
order release and transport/storage  are the other functions respectively covered by the 
cloud manufacturing literature, in the selected sample. 

To be more specific, the state of coverage of cloud manufacturing literature for each 
function of the Y-model is presented and categorized in table 9. The term “paper/points” 
was defined in section 3.1.3.1 and based on section 2.1.3, functions of Y-Model are 
considered as production related activities in an industrial enterprise.  

Table 9. Functions within the Y-model and the coverage of them by the current cloud 
manufacturing research. 

No Function Paper/points Coverage Category 
(State of coverage by cloud 
manufacturing literature) 

1 Product design and engineering 34 

More than 20 paper/points 
2 Activity monitoring 28 
3 Production engineering 27 
4 Capacity requirement planning 26 
5 Scheduling/dispatching 20 
6 Material requirement planning 19 

19 to 10 
paper/points 

7 Controlling/order tracking 13 
8 Master production planning 12 
9 Quality assurance 10 
10 Production/assembly 9 

Less than 10 paper/points 

11 Tool administration 9 

12 Product planning 7 

13 Maintenance 7 

14 Order release 4 

15 Transport/storage 1 
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Moreover, it could be argued that according to table 9, functions within the green color 
category are more covered by the literature and other activities in yellow and red color 
category are less covered by literature at the moments. 

Figure 17 also represents the dispersion of the paper/points among the functions of the 
Y-model. In this figure, the surface of each square represents the coverage of the 
function by cloud manufacturing knowledge. Figure 17 is also created based on the 
methodology mentioned in the section 3.1.3.1 and could be interpreted as the coverage 
regarding each Y-models functions by the selected publications in the cloud 
manufacturing area.  

 

Figure 17. Dispersion of the given points among the publications included in the sample. 
Surface of each square represents the coverage of the function by cloud manufacturing 

knowledge. 

To get an even more holistic view, it is also necessary to know about the expected 
effects of the cloud manufacturing solutions on the industrial manufacturing 
enterprises. Therefore, in the second research question, I mentioned the expected effects 
and presented the collected data regarding that.  

RQ2: What effects can an industrial enterprise expect from the cloud manufacturing 
concept and solutions?   

Most of the papers from the sample mentioned positive expected contributions or 
effects of cloud manufacturing. For example, according to He and Xu (2013) 
collaboration and resource sharing are the two most important objectives that cloud 
manufacturing could complete, or Kaikai et al. (2016) stated that, the fundamental 
purpose of cloud manufacturing models is to “realize integration and optimization of 
manufacturing resources and capabilities”. But to be more specific and based on the 
findings, cost reduction and cost efficiency are the most mentioned positive effects of 
implementing cloud manufacturing solutions in industrial enterprises, although I 
couldn’t find much numerical or experimental example for the cost savings.  

Furthermore, “flexibility improvements”, “reduction of time to market” and “agility” 
are other expected effects frequently mentioned by the papers. Negative effects that 
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could happen by using cloud manufacturing solutions in production related activities 
were rarely mentioned, although several concerns such as security and confidentiality 
concerns are visible among literature (Brown et al., 2015). In the end, I could identify 
33 effects -mostly positive- in the literature and mentioned in table 10 with their 
references. It could be argued that, from these 33 effects, 25 of them are linked to 
production activities.  

Table 10. Expected effects from cloud manufacturing solutions by an industrial 
manufacturing enterprise 

No. Expected effects Link to production 
activities 

References 

1 Enterprise satisfaction, 
development and 
globalization 

 He and Xu, 2013; Gao et al., 2015; 
Wang et al., 2013; Singh et al., 2014; 

2 Cost reduction/Cost 
efficiency 

* He and Xu, 2013; Wu et al., 2014; Lin 
et al., 2012; Akbaripour et al., 2015; 
Chen, 2014; Morariu et al., 2015; Lu et 
al., 2014; Mourtzis et. Al., 2015; Li et 
al., 2015; Wang et al., 2013; Huang et 
al., 2015; Wang, 2013. 

3 Higher Collaboration * Ren et al., 2013; Wu et al., 2014; Lu & 
Cecil, 2016; Wang et al., 2014; Singh 
et al., 2014. 

4 Promotion of 
knowledge intensive 
production 

* Ren et al., 2013; Zhang et al., 2012. 

5 Eco-efficiency and 
sustainability 

* Ren et al., 2013; Zhang et al., 2012; 
Lu et al., 2014; Li et al., 2015; Singh et 
al., 2014. 

6 Improve utilization rate * Hu et al., 2014; Wang et al., 2013; Liu 
et al., 2014. 

7 More intelligent 
production 

* Hu et al., 2014. 

8 To Shorten the delivery 
and Lead time/ Faster 
Time to market 

* Wu et al., 2014; Zhang et al., 2012; 
Akbaripour et al., 2015; Nagorny et al., 
2012; Mourtzis et. Al., 2015; Xiang et 
al., 2014; Huang et al., 2015. 

9 Flexibility * Wu et al., 2014; Talhi et al., 2015; 
Chen, 2014; Lu et al., 2014; oliveira et 
al., 2013; Wang et al., 2013; Wang, 
2013. 

10 Scalability 
improvement 

* Wu et al., 2014; Talhi et al., 2015; 
Wang, 2013. 

11 Quality improvement * Zhang et al., 2012; Nagorny et al., 
2012. 

12 Service improvement * Zhang et al., 2012; Mourtzis et. Al., 
2015. 
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13 Improved 
competitiveness 

* Huang et al., 2012. 

14 Creating or evaluating 
trust 

 Li et al., 2014. 

15 Reduction of 
purchasing related 
risks 

 Akbaripour et al., 2015. 

16 Efficiency * Chen, 2014; Gao et al., 2015; Nagorny 
et al., 2012; Oliveira et al., 2013; 
Singh et al., 2014. 

17 Closer 
customer/partner 
relationships 

 Chen, 2014. 

18 Improving analysis 
capability 

* Chen, 2014; Peniak et al., 2016. 

19 Feasibility * Qu et al., 2016. 
20 Stability * Qu et al., 2016. 
21 Supply chain 

integration 
 Wang et al., 2014. 

22 Agility in markets  Lu & Cecil, 2016; Mezgar 
&  Rauschecker, 2014; Lu et al., 2014; 
Mourtzis et. Al., 2015; (Chen et al., 
2014). 

23 Design reliability * Gao et al., 2015; Morariu et al., 2015. 
24 Profitability  Gao et al., 2015; oliveira et al., 2013. 
25 Productivity * Gao et al., 2015. 
26 Clarity, visibility, 

transparency and 
interoperability 

* Mezgar &  Rauschecker, 2014; Wang 
et al., 2013; Guo et al., 2014; Singh et 
al., 2014. 

27 Standardization * Mezgar &  Rauschecker, 2014; Lu et 
al., 2014. 

28 Redundancy * Mezgar &  Rauschecker, 2014; 
Morariu et al., 2015. 

29 Availability of resources * Morariu et al., 2015. 
30 Instant access to 

innovation and 
improved 
innovativeness 

 Lu et al., 2014; Oliveira et al., 2013; 
Liu et al., 2014. 

31 Accuracy * Boutarfa & Abdessemed, 2006. 
32 Logistics and 

production planning 
improvements 

* Xiang et al., 2014; Guo et al., 2014. 

33 Effectiveness * Guo et al., 2014; Liu et al., 2014. 
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5 Discussion  
The purpose of this thesis is to facilitate the understanding of the cloud manufacturing 
concept among production managers and engineers and the aim is to build a common 
ground and present a unified picture about the current state and contributions of the 
cloud manufacturing solutions to production related activities from a production 
development perspective. Former research on the cloud manufacturing concept 
suggested that cloud manufacturing solutions can contribute to various improvements 
in manufacturing industries, SMEs and supply chains (Wang et al., 2013; Boutarfa et 
al., 2006; Lu et al., 2014; Singh et al., 2015). Despite that, the managers and engineers 
in the production sector still hesitate to consider the cloud manufacturing concept as a 
catalyst for facilitation of their transformation process towards modern production 
systems. This hesitation originates from the state of them not being sure about if and 
how the solutions of the cloud manufacturing concept would affect the ongoing 
production activities. 
Since there are no other similar studies from production development perspective, I 
selected the systematic literature review method as the methodology for this thesis to 
gather all the relevant information and data from a specific production development 
perspective. To ensure the validity of this thesis, only peer-reviewed journals and 
credible data bases were used to gather the publications.  From my perspective, 
according to figure 8 in section 4.1, the high number of papers published in “other 
journals” category which mostly have different scopes compared to each other, shows 
the amount of attention that the cloud manufacturing concept gained but it also shows 
that this concept attracts interest from many different areas of research. 
Two research question regarding the coverage of production related activities by cloud 
manufacturing concept and the possible outcomes of cloud manufacturing concept for 
organization of production in industrial manufacturing enterprises were proposed. 
Preiss’s (2012) Y-model which categorizes different functions within the organization 
of production were used to assess the research on cloud manufacturing regarding the 
coverage of each function by the current research. To create a common ground, links 
between the functions within the Preiss’s Y-model and cloud manufacturing concept 
and solutions were identified and elaborated in the results and analysis section.  
According to table 9, the cloud manufacturing research were more focused on functions 
of product design and engineering, activity monitoring, production engineering, 
capacity requirement planning and scheduling/dispatching. There are still functions 
(including production/assembly, tool administration, product planning, maintenance, 
order release and transport/storage) that requires more research from the own functions 
perspective to complete the coverage of the Y-model by cloud manufacturing concept.  
In the first glance, the cloud manufacturing concept and its related solutions seems to 
be functional in many areas included in production development. Based on the results 
of this thesis, in theory, the cloud manufacturing concept can cover all the functions of 
the Y-model, but the state of coverage is not homogeneous and not yet enough so that 
production managers and engineers can consider using the cloud manufacturing 
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solutions and decide further. To be more specific, deciding about changing from the 
current system toward a new system and adapting to that -specially in industry- requires 
the concept or system to not only be functional, but also to be usable.  
According to Oxford dictionary (2017) functionality is defined as: “the quality of being 
suited to serve a purpose well”. It could be argued that the cloud manufacturing concept 
may seem to serve its purpose well, but the doubts about the usability of its solutions 
remains. ISO 9241-11 standard defined the term usability as: “The extent to which a 
product can be used by specified users to achieve specified goals with effectiveness, 
efficiency and satisfaction in a specified context of use”. The term product here should 
not be interpreted as its formal meaning; thus, it should be interpreted as combination 
of value added attributes of a concept, element, application, service etc., (Speicher, 
2015). Following that, the cloud manufacturing concept is still in the beginning of its 
path from providing functional solutions toward the point of being a generally usable 
concept with practical solutions for production development activities.  
Failing to address all the functions within the Y-model in a homogeneous way, could 
contribute to the mentioned hesitation by production managers and engineers. On the 
other hand, the cloud manufacturing concept, solutions and applications are being 
presented by cloud specialists and consultants from a mix of information technology 
(IT), product and production development perspectives to production managers and 
engineers which indicates that the amount of computer related complexity is 
extraneous. This high level of complexity has also contributed to the mentioned state 
of hesitation.  
Thirty-three (33) outcomes (positive and negative effects) were identified based on 
previous research of which 25 are linked to production related activities. According to 
table 10, cost reduction and cost efficiency are the most mentioned effects of 
implementing cloud manufacturing solutions in industrial enterprises. Furthermore, 
based on previous research in cloud manufacturing, the terms “flexibility 
improvements”, “reduction of time to market” and “agility” are other frequently 
mentioned effects of implementing cloud manufacturing solutions. Negative effects 
that could happen by using cloud manufacturing solutions in production related 
activities were rarely mentioned, although several concerns such as security, robustness 
and confidentiality concerns are visible among literature (Brown et al., 2015).
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6 Conclusion 
To conclude, in theory, cloud manufacturing concept and solutions can cover all of the 
functions within the Y-model, but the state of coverage is inhomogeneous and not yet 
documented enough so that production managers and engineers can consider using the 
cloud manufacturing solutions. Based on the findings of this thesis, cloud 
manufacturing research were up till now more focused on functions of product design 
and engineering, activity monitoring, production engineering, capacity requirement 
planning and scheduling/dispatching.  
There are still functions including production/assembly, tool administration, product 
planning, maintenance, order release and transport/storage that requires more research. 
So, it could be argued that cloud manufacturing solutions proposed by different 
researchers in this area might seem to be functional but not yet usable for the 
organization of production. Therefore, to create and implement usable cloud 
manufacturing solutions with tangible outcomes, more attention must be paid to 
functions of the Y-model that are less researched at the moment.  
Cost reduction and cost efficiency are the most mentioned effects of implementing 
cloud manufacturing solutions in industrial enterprises by literature. Furthermore, based 
on former research on cloud manufacturing, the terms “flexibility improvements”, 
“reduction of time to market” and “agility” are other most mentioned expected effects 
of implementing cloud manufacturing solutions but the negative effects of 
implementing cloud manufacturing solutions are yet not much discussed in the 
literature.  
In the end, this thesis strived to contribute and add more to the knowledge of cloud 
manufacturing by offering a common ground between two interlinked area of 
production development and cloud manufacturing in order to facilitating the understand 
of the topic among the production researchers, engineers and managers.  

6.1 Further research 
Based on the results and findings of this thesis, more research from each Y-model 
functions’ perspectives are needed to create a complete and comprehensive overview 
regarding the links between the cloud manufacturing concept and functions within the 
organization of production. It was also difficult to find numerical or experimental cases 
for the cost savings after implementation of cloud manufacturing solutions or the 
expected cost saving before implementation. Therefore, that could also be another topic 
of further research. In the end, it could also be argued that more case studies and 
empirical studies are required from production development perspective regarding each 
function of an organization of production. 
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