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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Customers are increasingly expecting customized and personalized physical products and service offerings to fit their unique needs. To manage 
these diverse customer needs, applying modularity is relevant. Modularity in product design is a widespread and well-established research field 
while research on service modularity is still rather immature. Research on service modularity mainly relates to the service industry and only 
limited research exists on service modularity in manufacturing industry. Based on case studies in industry, this paper examines challenges when 
developing modular services in a product-service-system context. The study concludes that several challenges exist, such as lacking foundation 
for service control. 
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1. Introduction 

Globalization has implied that market competition has 
increased beyond national borders which caused an increased 
competition [1, 2]. Therefore, competitive parameters beyond 
price and product have captured the attention of manufacturers 
to stand stronger in the global competition [1, 3], particularly 
in high-wage countries. Adding services to the value 
proposition and thereby extending it from providing products 
to providing product-service systems (PSS) [1, 4] accounts for 
one of these parameters, as services are more difficult to imitate 
compared to physical products. This creates an opportunity for 
the manufacturer to establish lasting differentiation from 
competitors.[5] The strategic transition from producing and 
selling products to also include the sales and production of 
services in a manufacturing company is also known as 
servitization [1, 5]. However, the transition towards integrating 
services implies an increase in internal complexity [6-9] in 

terms of e.g. data management, control of service systems, and 
management of relations between products and services. 

Equivalent to products, service customization and service 
variety often gradually increase in manufacturing companies 
either due to growth initiatives or to create a competitive 
advantage in the market. Therefore, the number of variants 
often grows unexpectedly, if no underlying structures to 
support the management and control of these service variants 
are in place.  

The market is increasingly demanding offerings customized 
to their personal needs [10] for which reason it is expected that 
manufacturers should be able to manage even higher levels of 
product variety in the future and thus also higher levels of 
service customization and variety than today. Adding services 
to the value proposition while at the same time trying to 
customize the PSS to customer preferences thus implies a 
further increase in internal complexity [6, 7, 9, 11] in regard to 
e.g. management of service variants and service production, 
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both of which manufacturers must be able to manage. 
Therefore, to manage this complexity without compromising 
the opportunity to customize the offering to the customer, a 
mass customization strategy approach is highly relevant [6, 
12].  

In a modular architecture, standard modules with 
standardized interfaces can be combined to customize the 
offering to fit the customer’s personal needs [10]. 
Consequently, modularity is a well-known approach in mass 
customization and has previously been used in design of e.g. 
products [12, 13] and production systems [14, 15] to reduce 
complexity without compromising the opportunity to 
customize the solution provided to the customer [6, 12]. More 
recently, research on modularity has extended to services [12] 
and PSS modularity [13, 16]. However, research on PSS 
modularity is particularly scarce although considered relevant 
for further studies [12, 13, 16].  

As stated by Brax et al. [12] and Iman [17], no common 
definition for service modularity exists. However, service 
modularity may be explained as activities which are part of 
interactions between components in a service system [17]. PSS 
modularity covers both products and services but differs from 
product and service modularity, respectively, due to the 
interrelations between products and services in the PSS. PSS 
modularity therefore needs to account for these interrelations 
for which reason existing research related to product or service 
modularity individually, cannot be applied.[16] Research on 
service modularity in manufacturing industry is relevant due to 
manufacturers’ limited experience in service management and 
because manufacturing companies have historically been 
organized around the production of products, which may to 
some extent conflict with the organization of service provision. 
The transition towards becoming a servitization company is 
challenging for many companies and the process of becoming 
a servitizer is still a rather unexplored research field.[5] 
Customizing and modularizing the offering in addition to this 
further challenges the implementation of a servitization 
strategy. For this reason, it is relevant to study the challenges 
related to developing and implementing modular services in 
manufacturing industry further and thereby be able to account 
for these in future research to ensure successful application in 
industry. This study investigates the challenges related to 
modularizing services in servitization companies through a 
multiple case study. 

The structure of the remaining part of the paper is as follows. 
Section 2 presents a literature review on development 
methodologies of modular services in PSS. In section 3, the 
applied methodology for data collection is presented together 
with a short description of the two case companies. The 
findings of the case studies are presented in section 4 followed 
by a discussion of the findings in section 5. Lastly, the 
conclusion of the research paper is presented in section 6.  

2. Literature review 

Given that research on PSS modularity and customization is 
limited [9, 12, 16, 18], a multiple case study is conducted to 
further explore challenges to developing and implementing 
modular services in manufacturing industry. However, to 

support the case study methodology this section presents a brief 
review on state-of-the-art literature on development 
methodologies for modular services in manufacturing industry 
and thereby the process towards reaching an operable solution. 
The investigated challenges are those, which may complicate 
the development process and in worst case prevent service 
modularity from being applied in industry. For this reason, it is 
considered necessary to explore the required development steps 
before presenting the case study findings.  

Ezzat et al. [6] present a four-step methodology for 
developing modular PSS: 1) the company’s existing products 
and services are identified and defined in a structure suitable 
for the company’s offerings, 2) relations between two services, 
two products, and a product and a service are evaluated by 
using a design structure matrix (DSM), 3) the results of the 
DSM are clustered to form modules, 4) the performance of the 
modules are evaluated. The proposed methodology by Ezzat et 
al. [6] does not provide definite analyses to be used in the 
individual steps, as opposed to Song and Sakao [18] who also 
provide a four step methodology while proposing several 
analyses to accompany the steps for developing modular 
services in PSS. Song and Sakao [18] propose the following 
steps: 1) identify and analyze requirements for the PSS, 2) 
translate requirements into technical attributes, and evaluate 
and solve possible conflicts between the attributes, 3)  identify 
components and cluster them into modules, and 4) compose a 
configuration model. Another comprehensive methodology for 
developing modular services in PSS is proposed by Li et al. 
[19] and contains five steps which are supported by related 
analyses: 1) determine service needs and structure these 
through a classification, 2) find a principal solution for each 
need, 3) determine the preliminary modular structure based on 
the principal solution, 4) combine solutions for each service 
need into a PSS solution, and 5) evaluate the PSS solutions to 
determine optimal solutions.  

Larsen et al. [16] identified four main steps in state-of-the-
art literature on development methodologies for modular 
services in PSS. The four steps are: 1) identify customer 
requirements, 2) translate customer requirements into service 
specifications, 3) construct service modules, and 4) setup 
configuration model. Where Ezzat et al. [6] primarily focus on 
constructing the modules, corresponding to step three, both 
Song and Sakao [18], and Li et al. [19] propose comprehensive 
development methodologies which reflect all of the four 
identified steps by Larsen et al. [16].  

Currently, research on development methodologies for 
modular services in PSS focuses on developing parts of a 
solution (see e.g. [20-22]) and thus does not hold a systems 
view, which means that relations and synergies might be 
disregarded, and complexity might be overlooked. Concepts 
proposed in literature furthermore tend to be developed from a 
theoretical point of view whereupon they are validated in a case 
study (see e.g. [20-24]). Since industry insight is not 
incorporated into the proposed development methodologies, 
applicability in industry may be questioned considering the 
natural complexity faced in industrial settings and missing 
insight into challenges and differences in developing modular 
services in manufacturing companies. When the applicability 
in industry is questioned, the opportunity to translate research 
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results into market value is doubtful. Since industry challenges 
are thereby not incorporated into research results, it is 
problematic that research focusing on exploring industry 
context in relation to developing modular services in PSS is 
scarce. Therefore, to ensure applicability in industry the 
contextual understanding of the research field should be 
studied further.  

In regard to developing modular services in manufacturing 
industry, research on challenges in industry related to this is of 
interest in an attempt to accommodate these in future research 
and thereby improve the applicability of future research results. 
Therefore, this case study seeks to contribute to the research 
field with contextual understanding of industrial challenges, 
that is aspects which complicate the development of modular 
services in manufacturing companies. As a result of this the 
following research question has been addressed: Which 
challenges related to developing modular services in 
manufacturing companies can be observed in industry? The 
empirical foundation for answering the research question is 
based on two case studies from Danish industry. The research 
question is answered throughout sections 4 and 5.  

3. Methodology 

According to Creswell [25] a qualitative research approach 
is suitable for exploring topics with unknown variables and 
theory base. As only limited knowledge on challenges related 
to developing modular services in manufacturing companies 
exists, a qualitative research approach is used to answer the 
research question by conducting two case studies. According to 
Voss et al. [26], observing actual practice through case studies 
contributes with valuable insight to the subject being studied. 
In addition to this, case studies are relevant to apply in 
exploratory settings, where many factors are still unknown and 
new theory needs to be developed [26, 27]. The cases included 
in the case study were selected based on their similarities to 
conduct a replication study and thereby predict similar results 
whereby findings can be generalized beyond the subjects being 
studied.[26, 27] 

The cases are two large Danish manufacturers who are both 
international suppliers in the business-to-business segment. 
Case A employs approximately 550 employees and generates 
an annual turnover of around €850 million. Case B employs 
around 400 employees and generates an annual turnover of 
approximately €215 million. Case A supplies farmers, and 
produces and sells simple products whereas case B provides 
cooling solutions which are products with higher complexity. 
Both companies have grown significantly in recent years, and 
services are vital for the companies’ existence. Whereas the 
interest for services in case B is highly driven by customer 
demand, services in case A are besides customer requests also 
driven by an internal request from the case company to grow 
organically. Common to both cases is the internal focus on 
developing and controlling services is limited in both 
companies. The differences in the motivation for developing 
the companies’ service systems may affect the findings. 
However, the case findings are considered comparable since 
both companies have the same starting point for developing the 
service system.  

The two cases were part of two separate research projects 
extending beyond the purpose of this paper. The research 
projects focused on conducting feasibility studies of modular 
services in a PSS context. Both projects were performed by the 
authors of this paper. In case A, case specific information for 
the feasibility study was collected through eight semi-
structured interviews over a four-months period. To study the 
research question from several hierarchical levels in the 
organization the interviewees were selected based on their 
knowledge of the company’s services and their representation 
of different organizational control levels. Therefore, top 
managers, middle managers and employees from operations 
were interviewed. In case B, seven semi-structured interviews 
were conducted over a three-months period and used in the case 
study. Like in case A, the interviewees were selected based on 
their knowledge of services and representation of different 
control levels in the organization. The interviewees were 
therefore top managers, middle managers and employees from 
operations. In addition to interviews, data from internal 
presentations, archival data, corporate websites and the internal 
intranet from both case companies were collected and used to 
study the research question. 

As presented in section 2, state-of-the-art literature includes 
four steps for developing modular services in PSS. The 
feasibility studies took offset in these four steps. Based on the 
feasibility study findings, the challenges, which complicated 
the execution of the four steps, are presented in this paper.  

4. Case study findings 

As mentioned, the case study findings are presented according 
to the four-step methodology identified by Larsen et al. [16] 
which reflects the main steps in state-of-the-art research on 
development methodologies for modular services in PSS. 
Therefore, it is relevant to take an offset in these four steps 
when exploring the propounded research question.  

The identified challenges in developing modular services in 
PSS for both cases are presented in Table 1. Out of a total of 20 
identified challenges, 18 challenges were present in both cases. 

As addressed in section 3, the cases are operating in two 
different industries with different levels of product complexity. 
The findings, however, reflect that the challenges which the 
companies face are similar despite their diverse business 
characteristics. This highly supports the generalizability of the 
findings for which reason it is expected that manufacturing 
companies in similar contexts are exposed to similar 
challenges. Both companies are currently working on creating 
internal structures and systems to support their customized 
service offerings and thus creating a robustness to support 
future growth. Therefore, the findings may not be generalizable 
to companies that have already created supporting structures 
and systems for their services. 

5. Discussion and future research directions 

In this section the findings from the case study presented in 
Table 1 are further elaborated and discussed based on the four 
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both of which manufacturers must be able to manage. 
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Consequently, modularity is a well-known approach in mass 
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products [12, 13] and production systems [14, 15] to reduce 
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customize the solution provided to the customer [6, 12]. More 
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Section 2 presents a literature review on development 
methodologies of modular services in PSS. In section 3, the 
applied methodology for data collection is presented together 
with a short description of the two case companies. The 
findings of the case studies are presented in section 4 followed 
by a discussion of the findings in section 5. Lastly, the 
conclusion of the research paper is presented in section 6.  
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Given that research on PSS modularity and customization is 
limited [9, 12, 16, 18], a multiple case study is conducted to 
further explore challenges to developing and implementing 
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support the case study methodology this section presents a brief 
review on state-of-the-art literature on development 
methodologies for modular services in manufacturing industry 
and thereby the process towards reaching an operable solution. 
The investigated challenges are those, which may complicate 
the development process and in worst case prevent service 
modularity from being applied in industry. For this reason, it is 
considered necessary to explore the required development steps 
before presenting the case study findings.  

Ezzat et al. [6] present a four-step methodology for 
developing modular PSS: 1) the company’s existing products 
and services are identified and defined in a structure suitable 
for the company’s offerings, 2) relations between two services, 
two products, and a product and a service are evaluated by 
using a design structure matrix (DSM), 3) the results of the 
DSM are clustered to form modules, 4) the performance of the 
modules are evaluated. The proposed methodology by Ezzat et 
al. [6] does not provide definite analyses to be used in the 
individual steps, as opposed to Song and Sakao [18] who also 
provide a four step methodology while proposing several 
analyses to accompany the steps for developing modular 
services in PSS. Song and Sakao [18] propose the following 
steps: 1) identify and analyze requirements for the PSS, 2) 
translate requirements into technical attributes, and evaluate 
and solve possible conflicts between the attributes, 3)  identify 
components and cluster them into modules, and 4) compose a 
configuration model. Another comprehensive methodology for 
developing modular services in PSS is proposed by Li et al. 
[19] and contains five steps which are supported by related 
analyses: 1) determine service needs and structure these 
through a classification, 2) find a principal solution for each 
need, 3) determine the preliminary modular structure based on 
the principal solution, 4) combine solutions for each service 
need into a PSS solution, and 5) evaluate the PSS solutions to 
determine optimal solutions.  

Larsen et al. [16] identified four main steps in state-of-the-
art literature on development methodologies for modular 
services in PSS. The four steps are: 1) identify customer 
requirements, 2) translate customer requirements into service 
specifications, 3) construct service modules, and 4) setup 
configuration model. Where Ezzat et al. [6] primarily focus on 
constructing the modules, corresponding to step three, both 
Song and Sakao [18], and Li et al. [19] propose comprehensive 
development methodologies which reflect all of the four 
identified steps by Larsen et al. [16].  

Currently, research on development methodologies for 
modular services in PSS focuses on developing parts of a 
solution (see e.g. [20-22]) and thus does not hold a systems 
view, which means that relations and synergies might be 
disregarded, and complexity might be overlooked. Concepts 
proposed in literature furthermore tend to be developed from a 
theoretical point of view whereupon they are validated in a case 
study (see e.g. [20-24]). Since industry insight is not 
incorporated into the proposed development methodologies, 
applicability in industry may be questioned considering the 
natural complexity faced in industrial settings and missing 
insight into challenges and differences in developing modular 
services in manufacturing companies. When the applicability 
in industry is questioned, the opportunity to translate research 
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results into market value is doubtful. Since industry challenges 
are thereby not incorporated into research results, it is 
problematic that research focusing on exploring industry 
context in relation to developing modular services in PSS is 
scarce. Therefore, to ensure applicability in industry the 
contextual understanding of the research field should be 
studied further.  

In regard to developing modular services in manufacturing 
industry, research on challenges in industry related to this is of 
interest in an attempt to accommodate these in future research 
and thereby improve the applicability of future research results. 
Therefore, this case study seeks to contribute to the research 
field with contextual understanding of industrial challenges, 
that is aspects which complicate the development of modular 
services in manufacturing companies. As a result of this the 
following research question has been addressed: Which 
challenges related to developing modular services in 
manufacturing companies can be observed in industry? The 
empirical foundation for answering the research question is 
based on two case studies from Danish industry. The research 
question is answered throughout sections 4 and 5.  

3. Methodology 

According to Creswell [25] a qualitative research approach 
is suitable for exploring topics with unknown variables and 
theory base. As only limited knowledge on challenges related 
to developing modular services in manufacturing companies 
exists, a qualitative research approach is used to answer the 
research question by conducting two case studies. According to 
Voss et al. [26], observing actual practice through case studies 
contributes with valuable insight to the subject being studied. 
In addition to this, case studies are relevant to apply in 
exploratory settings, where many factors are still unknown and 
new theory needs to be developed [26, 27]. The cases included 
in the case study were selected based on their similarities to 
conduct a replication study and thereby predict similar results 
whereby findings can be generalized beyond the subjects being 
studied.[26, 27] 

The cases are two large Danish manufacturers who are both 
international suppliers in the business-to-business segment. 
Case A employs approximately 550 employees and generates 
an annual turnover of around €850 million. Case B employs 
around 400 employees and generates an annual turnover of 
approximately €215 million. Case A supplies farmers, and 
produces and sells simple products whereas case B provides 
cooling solutions which are products with higher complexity. 
Both companies have grown significantly in recent years, and 
services are vital for the companies’ existence. Whereas the 
interest for services in case B is highly driven by customer 
demand, services in case A are besides customer requests also 
driven by an internal request from the case company to grow 
organically. Common to both cases is the internal focus on 
developing and controlling services is limited in both 
companies. The differences in the motivation for developing 
the companies’ service systems may affect the findings. 
However, the case findings are considered comparable since 
both companies have the same starting point for developing the 
service system.  

The two cases were part of two separate research projects 
extending beyond the purpose of this paper. The research 
projects focused on conducting feasibility studies of modular 
services in a PSS context. Both projects were performed by the 
authors of this paper. In case A, case specific information for 
the feasibility study was collected through eight semi-
structured interviews over a four-months period. To study the 
research question from several hierarchical levels in the 
organization the interviewees were selected based on their 
knowledge of the company’s services and their representation 
of different organizational control levels. Therefore, top 
managers, middle managers and employees from operations 
were interviewed. In case B, seven semi-structured interviews 
were conducted over a three-months period and used in the case 
study. Like in case A, the interviewees were selected based on 
their knowledge of services and representation of different 
control levels in the organization. The interviewees were 
therefore top managers, middle managers and employees from 
operations. In addition to interviews, data from internal 
presentations, archival data, corporate websites and the internal 
intranet from both case companies were collected and used to 
study the research question. 

As presented in section 2, state-of-the-art literature includes 
four steps for developing modular services in PSS. The 
feasibility studies took offset in these four steps. Based on the 
feasibility study findings, the challenges, which complicated 
the execution of the four steps, are presented in this paper.  

4. Case study findings 

As mentioned, the case study findings are presented according 
to the four-step methodology identified by Larsen et al. [16] 
which reflects the main steps in state-of-the-art research on 
development methodologies for modular services in PSS. 
Therefore, it is relevant to take an offset in these four steps 
when exploring the propounded research question.  

The identified challenges in developing modular services in 
PSS for both cases are presented in Table 1. Out of a total of 20 
identified challenges, 18 challenges were present in both cases. 

As addressed in section 3, the cases are operating in two 
different industries with different levels of product complexity. 
The findings, however, reflect that the challenges which the 
companies face are similar despite their diverse business 
characteristics. This highly supports the generalizability of the 
findings for which reason it is expected that manufacturing 
companies in similar contexts are exposed to similar 
challenges. Both companies are currently working on creating 
internal structures and systems to support their customized 
service offerings and thus creating a robustness to support 
future growth. Therefore, the findings may not be generalizable 
to companies that have already created supporting structures 
and systems for their services. 

5. Discussion and future research directions 

In this section the findings from the case study presented in 
Table 1 are further elaborated and discussed based on the four 
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development steps which the challenges have been identified 
in accordance with. Additionally, future research directions are 
presented. 

5.1.  Identify customer requirements 

 As shown in Table 1 nine of the identified challenges are 
related to the first step. Prior to the research projects, the 
companies’ attention to their service systems and the 
management hereof were highly limited, despite services being 
a key differentiating factor for both companies. Consequently, 
working with the companies’ services was complicated by 
several issues. The companies for instance did not have an 
overview of the content of their service portfolio and the 
relations between products and services were unknown. The 
findings indicate that limited attention to the service system 
causes significant challenges to the development of modular 
services in manufacturing companies. Furthermore, collecting 
and structuring input data for modularizing services appear to 
be challenging which indicates that future research should 
study how to manage the data input and prepare the 
organization for working with services.  

5.2. Translate customer requirements into service 
specifications 

The second step is challenged by various types of 
communication challenges. A challenge often mentioned in 
literature  regarding services is that they are intangible [28, 29] 
and thus lack tangible attributes which can be used to describe 
the service and the expectations of the customer to the service 
[28]. This indicates that communication about services is 
challenging in general. This is also the case in both case 
companies. The employees are not used to addressing services 
like they address products, and the production and operation of 
products which also means that they do not share a common 
frame of reference. This indicates that to improve the 
communication about services and align the employees’ 
perception of the content in the service portfolio, the companies 
would benefit from a framework for developing modular 
services which can support the development process and thus 
the companies’ common understanding of services. 
Furthermore, such framework may also support the collection 
and structuring of input data as pointed out in section 5.1. 
Future research may therefore study frameworks, and specific 
tools and methods to develop modular services and thus assist 

 

Table 1. Challenges identified in case studies based on the four steps for developing modular services in PSS.  

Development steps 
from Larsen et. al [16] Identified challenges in the case companies Case A Case B 

1) Identify customer 
requirements 

Development of the company’s service system is controlled by customers’ demand instead of internal 
management decisions  x 

Does not have an internal foundation and structure which supports and controls the services provided to 
customers x x 

Content of the company’s current service portfolio is not defined x x 

Relations between products and services in PSS have not been identified and formalized x x 

Does not have enough insight to make an economic justification of whether or not to develop a modular 
service system to support the future control of the company’s service system x x 

Dependency on employees’ tacit knowledge on services because this knowledge has not been written 
down and thereby made accessible for all members of the organization x x 

Missing opportunity for knowledge sharing with similar companies on how to develop a modular service 
system and implement it with success  x 

Services are provided free of charge which means that data registration of provided services is limited x x 

Little recognition of services as a strategic asset and thereby lack of acknowledgement that focus on the 
company’s service system is of high importance  x x 

2) Translate customer 
requirements into 
service specifications 

Silo control in organizational structure which challenges the operations of services across departments x x 

Do not share the same frame of reference for services as a result of not having defined the content of the 
company’s service portfolio x x 

Communication on services is challenged because the company is not used to explicitly talking about 
services and the control of them x x 

Services are intangible which implies that the perception of the content of one service can be different 
from one employee to another x x 

3) Construct service 
modules 

Lack of tools and methods to construct service modules x x 

Employees do not have competencies in service control and development x x 

Missing internal experience with developing and controlling service systems x x 

4) Setup configuration 
model 

Development of new working structures which support the company’s services x x 

Handling of new service variants when demanded by customers is done ad-hoc instead of following a 
standard procedure for developing new variants x x 

Change of organization culture from manufacturer of products to manufacturer of products and services x x 

Difficulty in making an economic assessment of configured customized service solution x x 
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to accommodate the challenging task of service 
communication.  

5.3. Construct service modules 

The challenges related to designing the service modules in step 
three indicate that companies do not have the resources to 
construct a modular service system. The case companies both 
lack tools and methods to support the process as well as 
competencies and experience in developing a service system. 
The findings of Larsen et al. [16] indicate that the applicability 
in industry of service modularity in manufacturing companies 
is limited which again indicates that other companies besides 
the case companies are experiencing similar challenges. Future 
research may therefore study tools and methods that support 
the construction of modular services systems in industry.  

5.4. Setup configuration model 

The challenges in the last step are related to taking service 
modularity into operation in manufacturing companies. The 
cases have no prior experience with managing a service system 
and a service culture in a manufacturing company context. 
Hence it is not surprising that the companies experience 
challenges in the transition which requires organizing new 
working structures for services, setting up procedures for 
managing demand of new services, and changing the 
organization culture. To support manufacturing companies in 
this transition, future research may therefore, examine the 
implementation and operation of modular service systems in 
manufacturing companies.  

Another challenge identified in step four is to assess the 
economic value of a configured customized service solution 
and thereby the possibility to determine the cost of providing 
the customized service to the customer. Determining costs of 
services is more difficult compared to products since services 
are intangible and thus for instance do not have bill of materials 
to support the cost calculations. If companies do not have an 
appropriate cost model for determining service prices the 
company risks either losing money if the price is too low, or 
losing customers if the price is too high. Therefore, to support 
the companies’ cost calculations future research may look into 
cost modelling in modular service systems.  

6. Conclusion 

The market is increasingly demanding customized offerings. 
Simultaneously, manufacturing companies are transitioning 
into becoming servitization companies by extending their 
offerings to the customers from products to PSS. Customizing 
and extending the offering to the customer implies an increase 
in internal complexity as well. Consequently, to manage the 
complexity related to offering customized services, service 
modularity may be applied. However, research on service 
modularity in servitization companies is very scarce, and 
research on developing modular services lacks insight from 
industry. Therefore, this paper examined challenges related to 
developing modular services in manufacturing companies. The 
findings were found based on four main steps identified in 

state-of-the-art research on developing modular services in 
PSS. Challenges like establishing relations between products 
and services in PSS, economic justification of implementing 
service modularity, service communication, and handling of 
new service variants were identified. Several challenges were 
related to the first step, identifying customer requirements, 
which were primarily a result of limited attention to service 
system management prior to the case study. Challenges related 
to step two, translating customer requirements into service 
specifications, were primarily related to communication 
whereas step three, constructing service modules, was 
challenged by limited research on tools and methods to support 
the development of modular services in manufacturing 
companies. Finally, the challenges related to step four, setup 
configuration model, were mainly linked to using modular 
services in the daily operations. Despite the two case 
companies’ diverse business characteristics the faced 
challenges are alike for which reason the findings are expected 
to be generalizable beyond the two cases being studied. To 
support the development of modular services in manufacturing 
companies, future research may focus on studying tools and 
methods for collecting input data, supporting service 
communication and modular service development, and 
examining cost modelling of customized service solutions.  

References 

[1] Baines TS, Lightfoot HW, Benedettini O, Kay JM. The servitization of 
manufacturing: A review of literature and reflection on future challenges. 
Journal of manufacturing technology management 2009;20:547-567. 

[2] Koren Y. The global manufacturing revolution: product-process-business 
integration and reconfigurable systems. 1st ed. Hoboken: John Wiley & 
Sons; 2010. 

[3] Wise R, Baumgartner P. Go downstream: The new profit imperative in 
manufacturing. Harvard business review 2000;28:89-96. 

[4] Velamuri VK, Neyer A, Möslein KM. Hybrid value creation: a systematic 
review of an evolving research area. Journal für Betriebswirtschaft 
2011;61:3-35. 

[5] Baines T, Bigdeli AZ, Bustinza OF, Shi VG, Baldwin J, Ridgway K. 
Servitization: revisiting the state-of-the-art and research priorities. 
International Journal of Operations & Production Management 
2017;37:256-278. 

[6] Ezzat O, Medini K, Boucher X, Delorme X. Product and service 
modularization for variety management. In: da Cunha C, Bernard A, Zäh 
M, ElMaraghy H, ElMaraghy W, editors. Procedia Manufacturing, 7th 
International conference on Changeable, Agile, Reconfigurable and 
Virtual Production (CARV2018). 2019; p. 148-153. 

[7] Zou W, Brax SA, Rajala R. Complexity in Product-Service Systems: 
Review and Framework. In: Sakao T, Lindahl M, Liu Y, Dalhammar C, 
editors. Procedia CIRP, 10th CIRP conference on Industrial Product-
Service Systems. 2018; p. 3-8. 

[8] Idrissi NA, Boucher X, Medini K. Generic conceptual model to support 
PSS design processes. In: McAloone TC, Pigosso DCA, Mortensen NH, 
Shimomura Y, editors. Procedia CIRP, The 9th CIRP IPSS Conference: 
Circular Perspectives on Product/Service-Systems. 2017; p. 235-240. 

[9] Andriankaja H, Boucher X, Medini K. A method to design integrated 
product-service systems based on the extended functional analysis 
approach. CIRP Journal of Manufacturing Science and Technology, 2018; 
21: 120-139. 

[10] Gilmore JH, Pine BJ. Markets of one: creating customer-unique value 
through mass customization. Harvard Business Review Press; 2000. 

[11] Cenamor J, Sjödin DR, Parida V. Adopting a platform approach in 
servitization: Leveraging the value of digitalization. International Journal 
of Production Economics, 2017;192:54-65. 



 Maria Stoettrup Schioenning Larsen  et al. / Procedia CIRP 81 (2019) 399–404 403
4 Maria Stoettrup Schioenning Larsen et al./ Procedia CIRP 00 (2019) 000–000 

development steps which the challenges have been identified 
in accordance with. Additionally, future research directions are 
presented. 

5.1.  Identify customer requirements 

 As shown in Table 1 nine of the identified challenges are 
related to the first step. Prior to the research projects, the 
companies’ attention to their service systems and the 
management hereof were highly limited, despite services being 
a key differentiating factor for both companies. Consequently, 
working with the companies’ services was complicated by 
several issues. The companies for instance did not have an 
overview of the content of their service portfolio and the 
relations between products and services were unknown. The 
findings indicate that limited attention to the service system 
causes significant challenges to the development of modular 
services in manufacturing companies. Furthermore, collecting 
and structuring input data for modularizing services appear to 
be challenging which indicates that future research should 
study how to manage the data input and prepare the 
organization for working with services.  

5.2. Translate customer requirements into service 
specifications 

The second step is challenged by various types of 
communication challenges. A challenge often mentioned in 
literature  regarding services is that they are intangible [28, 29] 
and thus lack tangible attributes which can be used to describe 
the service and the expectations of the customer to the service 
[28]. This indicates that communication about services is 
challenging in general. This is also the case in both case 
companies. The employees are not used to addressing services 
like they address products, and the production and operation of 
products which also means that they do not share a common 
frame of reference. This indicates that to improve the 
communication about services and align the employees’ 
perception of the content in the service portfolio, the companies 
would benefit from a framework for developing modular 
services which can support the development process and thus 
the companies’ common understanding of services. 
Furthermore, such framework may also support the collection 
and structuring of input data as pointed out in section 5.1. 
Future research may therefore study frameworks, and specific 
tools and methods to develop modular services and thus assist 
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Does not have enough insight to make an economic justification of whether or not to develop a modular 
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Dependency on employees’ tacit knowledge on services because this knowledge has not been written 
down and thereby made accessible for all members of the organization x x 
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system and implement it with success  x 

Services are provided free of charge which means that data registration of provided services is limited x x 

Little recognition of services as a strategic asset and thereby lack of acknowledgement that focus on the 
company’s service system is of high importance  x x 

2) Translate customer 
requirements into 
service specifications 

Silo control in organizational structure which challenges the operations of services across departments x x 

Do not share the same frame of reference for services as a result of not having defined the content of the 
company’s service portfolio x x 

Communication on services is challenged because the company is not used to explicitly talking about 
services and the control of them x x 

Services are intangible which implies that the perception of the content of one service can be different 
from one employee to another x x 

3) Construct service 
modules 

Lack of tools and methods to construct service modules x x 

Employees do not have competencies in service control and development x x 

Missing internal experience with developing and controlling service systems x x 

4) Setup configuration 
model 

Development of new working structures which support the company’s services x x 

Handling of new service variants when demanded by customers is done ad-hoc instead of following a 
standard procedure for developing new variants x x 

Change of organization culture from manufacturer of products to manufacturer of products and services x x 

Difficulty in making an economic assessment of configured customized service solution x x 
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to accommodate the challenging task of service 
communication.  

5.3. Construct service modules 

The challenges related to designing the service modules in step 
three indicate that companies do not have the resources to 
construct a modular service system. The case companies both 
lack tools and methods to support the process as well as 
competencies and experience in developing a service system. 
The findings of Larsen et al. [16] indicate that the applicability 
in industry of service modularity in manufacturing companies 
is limited which again indicates that other companies besides 
the case companies are experiencing similar challenges. Future 
research may therefore study tools and methods that support 
the construction of modular services systems in industry.  

5.4. Setup configuration model 

The challenges in the last step are related to taking service 
modularity into operation in manufacturing companies. The 
cases have no prior experience with managing a service system 
and a service culture in a manufacturing company context. 
Hence it is not surprising that the companies experience 
challenges in the transition which requires organizing new 
working structures for services, setting up procedures for 
managing demand of new services, and changing the 
organization culture. To support manufacturing companies in 
this transition, future research may therefore, examine the 
implementation and operation of modular service systems in 
manufacturing companies.  

Another challenge identified in step four is to assess the 
economic value of a configured customized service solution 
and thereby the possibility to determine the cost of providing 
the customized service to the customer. Determining costs of 
services is more difficult compared to products since services 
are intangible and thus for instance do not have bill of materials 
to support the cost calculations. If companies do not have an 
appropriate cost model for determining service prices the 
company risks either losing money if the price is too low, or 
losing customers if the price is too high. Therefore, to support 
the companies’ cost calculations future research may look into 
cost modelling in modular service systems.  

6. Conclusion 

The market is increasingly demanding customized offerings. 
Simultaneously, manufacturing companies are transitioning 
into becoming servitization companies by extending their 
offerings to the customers from products to PSS. Customizing 
and extending the offering to the customer implies an increase 
in internal complexity as well. Consequently, to manage the 
complexity related to offering customized services, service 
modularity may be applied. However, research on service 
modularity in servitization companies is very scarce, and 
research on developing modular services lacks insight from 
industry. Therefore, this paper examined challenges related to 
developing modular services in manufacturing companies. The 
findings were found based on four main steps identified in 

state-of-the-art research on developing modular services in 
PSS. Challenges like establishing relations between products 
and services in PSS, economic justification of implementing 
service modularity, service communication, and handling of 
new service variants were identified. Several challenges were 
related to the first step, identifying customer requirements, 
which were primarily a result of limited attention to service 
system management prior to the case study. Challenges related 
to step two, translating customer requirements into service 
specifications, were primarily related to communication 
whereas step three, constructing service modules, was 
challenged by limited research on tools and methods to support 
the development of modular services in manufacturing 
companies. Finally, the challenges related to step four, setup 
configuration model, were mainly linked to using modular 
services in the daily operations. Despite the two case 
companies’ diverse business characteristics the faced 
challenges are alike for which reason the findings are expected 
to be generalizable beyond the two cases being studied. To 
support the development of modular services in manufacturing 
companies, future research may focus on studying tools and 
methods for collecting input data, supporting service 
communication and modular service development, and 
examining cost modelling of customized service solutions.  
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