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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 

As a response to the increased demand for more customized products at a lower cost and with shorter lead times, many of today’s manufacturing 
companies have embarked on the journey of modularization in either their product portfolio, their manufacturing setup or in both. However, 
transitioning towards a modular setup generates uncertainties on where and what to modularize, as well as on the consequence. Some of these 
questions can be answered and clarified through the use of data models, making it possible to create and test different architectural scenarios and 
thereby make decisions based on actual data rather than best guess and tacit knowledge. In order to get access to actual ERP data and be able to 
test and validate the method in a real life environment, this research is made in collaboration with a large manufacturing company using the 
design science methodology. The purpose of this research is to present an approach for creating a data model based on standard ERP data that 
will allow engineers and system architects to create strategic architectural scenarios and evaluate these in terms of expected savings, impact on 
manufacturing and other relevant parameters. 
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1. Introduction 

Manufacturing companies are faced with the wicked 
problem of having to serve markets with an increasing amount 
of product variants, while still being able to produce at a cost 
similar to mass production [1, 2]. In response, many 
manufacturing companies have introduced modular product 
architectures allowing them to make rapid and more frequent 
changes in their product portfolio in order to follow markets 
more closely [3, 4]. Identifying and selecting which new 
variants should be added to the product portfolio is carried out 
through portfolio management. Portfolio management is 
traditionally referred to as a dynamic decision process where 
the right (product) development projects must be selected to 
continually update the list of active products served to given 
market [5]. This portfolio management process consequently 
has a huge impact on manufacturing. Nevertheless, it can be 

difficult to predict and consider the impact of the portfolio 
management process on the manufacturing setup [5-8]. As new 
product variants are often a result of incremental product 
development and the use of modular development allows for 
decupled development in the product architecture, information 
on the already existing product portfolio and the resulting 
manufacturing setup contain valuable information that can be 
used when determining the future product portfolio. Therefore, 
the purpose of this research is to demonstrate how it is possible 
create a data model, based on ERP data, that represents the 
product portfolio and makes it possible to conduct hypothetical 
changes to the product architectures for a given part of the 
product portfolio in order to calculate new cost and effects on 
the manufacturing environment. The remainder of this paper is 
structured as follows: Section 2 presents the related research 
while section 3 describes the research methodology. Section 4 
presents the ontology and data model used. Section 5 presents 
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1. Introduction 

Manufacturing companies are faced with the wicked 
problem of having to serve markets with an increasing amount 
of product variants, while still being able to produce at a cost 
similar to mass production [1, 2]. In response, many 
manufacturing companies have introduced modular product 
architectures allowing them to make rapid and more frequent 
changes in their product portfolio in order to follow markets 
more closely [3, 4]. Identifying and selecting which new 
variants should be added to the product portfolio is carried out 
through portfolio management. Portfolio management is 
traditionally referred to as a dynamic decision process where 
the right (product) development projects must be selected to 
continually update the list of active products served to given 
market [5]. This portfolio management process consequently 
has a huge impact on manufacturing. Nevertheless, it can be 

difficult to predict and consider the impact of the portfolio 
management process on the manufacturing setup [5-8]. As new 
product variants are often a result of incremental product 
development and the use of modular development allows for 
decupled development in the product architecture, information 
on the already existing product portfolio and the resulting 
manufacturing setup contain valuable information that can be 
used when determining the future product portfolio. Therefore, 
the purpose of this research is to demonstrate how it is possible 
create a data model, based on ERP data, that represents the 
product portfolio and makes it possible to conduct hypothetical 
changes to the product architectures for a given part of the 
product portfolio in order to calculate new cost and effects on 
the manufacturing environment. The remainder of this paper is 
structured as follows: Section 2 presents the related research 
while section 3 describes the research methodology. Section 4 
presents the ontology and data model used. Section 5 presents 
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an example from a case company, while Section 6 presents the 
discussion and Section 7 conclusively summarizes the 
contribution and future research directions.  

2. Related Research 

As this research focuses on managing a portfolio of modular 
product architectures and how ERP data can be used to model 
future cost and effect on manufacturing based on scenarios, 
related research on modular product architectures, portfolio 
management, and new product introductions impact on 
manufacturing is reviewed in the following section. The 
concepts of modular product architectures and modularity have 
been applied in manufacturing companies for a long time in 
order to introduce a high number of product variants, while still 
gaining the benefits of economies-of-scale [9-14]. These 
modular product architectures, also known as ‘product 
platforms’, have been defined in different ways mostly 
focusing on reusability and commonality, e.g., as a ‘collection 
of assets shared by a set of products’ [15] or as a ‘set of 
common components, modules, or parts from which a stream 
of derivate products can be efficiently develop and launched’ 
[16]. Two main enablers of modularization include interface 
management and strategic partitioning, where system elements 
are divided into variant drivers and non-variant drivers [17, 18]. 
Portfolio management is defined as a dynamic decision 
process, whereby a business´s list of active new product (and 
R&D) projects is constantly up-dated and revised [19]. Cooper 
et al. classifies various types of portfolio management 
methodologies such as; financial, business strategy, portfolio 
maps and, scoring models. The difference in these are the 
design of the portfolio management process and by which 
parameters the selection of development projects are made. 
With the financial perspective it is the profitability and 
productivity that is in focus with metrics such as; NPV, RONA 
and, ROI  [20, 21]. Whereas in the strategic approach, one 
method could be to allocate resources into strategic buckets 
where the different projects are placed within these buckets and 
ranked  [22-24]. To manage interfaces within a specific product 
architecture or across an entire portfolio of product 
architectures, a management process must be established. First, 
the current state of available interfaces must be identified and 
secondly, these must be evaluated based on multiple 
parameters to set the future direction for which to reuse, which 
to discard, and which to develop [25]. This process could be 
argued to be very similar to the various types of portfolio 
management methods as described by Cooper et al. [5].  
However, while the portfolio management process aims at 
creating a balance between projects that yield a breakthrough 
and significant competitive advantages with projects having a 
high likelihood of success [5], the interface management 
process aims at high standardization and reuse of interfaces 
across the entire portfolio.  The integration of research and 
development (R&D) and manufacturing has long been 
documented  [6, 7, 26, 27], however, problems often arise 
because of interdepartmental differences  [7, 28]. Therefore, 
the research objective is to demonstrate how to create a data 
model, based on ERP data, that represents the product portfolio 
and makes it possible to conduct hypothetical changes to the 

product architectures for a given part of the product portfolio 
in order to calculate new cost and effects on the manufacturing 
environment. 

3. Research Methodology  

To address the aforementioned research objective, this 
research is made as design science research in collaboration 
with a large scale manufacturing company. Design science 
research is used due to its focus on developing innovative 
artefacts to be used in applications domains e.g. organizations, 
people, or systems [29, 30]. When using design science, seven 
guidelines are important. The first three guidelines are 
concerned with designing an artifact based on a relevant 
problem and being able to evaluate this in the right 
environment. Therefore this research is made in collaboration 
with a manufacturing company, ensuring the resulting artifact 
is grounded in a real problem identified in collaboration with 
experts. Hereafter the resulting artifact is evaluated with the 
experts in the context of the manufacturing company. The two 
following guidelines are concerned with research rigor and 
contribution which has been achieved through a literature 
review of related work and the use of UML classes and objects 
in the description of the artifact for verification. The final 
guidelines revolve around the design process and 
communication of the research which is achieved through the 
use of circular feed back loops between the researcher and 
experts from the manufacturing company in which the artifact 
was developed and continuously evaluated.    

4. Ontology and Data Model  

The proposed approach to model ERP master data to create 
a data model in which it is possible to create and test different 
architectural scenarios is based on a company specific ontology 
used in the case company. Table 1 displays the data tables used 
along with a short description and fig. 1 displays how the tables 
are modeled together in a UML class diagram. 

Table 1. Data tables used in the data model. 

Table name Description 

Material Master 

 

Cost 

List of unique materials in the model (both 
products and components, and internally produced 
vs. externally purchased) 

A list of all materials in material master and their 
respective cost 

Production As-Is A list of what has been produced of all the 
materials. Where and in what volume 

Production Forecast 

 

Purchasing As-Is  

 

Purchasing Forecast 

 

Portfolio As-Is 

  

Portfolio Senario 

A list of what is expected to be produced of all the 
materials 

A list of materials that have been external 
purchased and in what volume 

A list of what is expected to be purchased external 
and in what volume 

All BOM full exploded for materials in scope with 
additional information e.g. classification of 
components 

A copy of portfolio architecture with the changes 
made by system experts 
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Fig. 1. UML Class diagram describing the data model and relationship 
between the different data tables. 

The portfolio tables described in table 1 and displayed in 
table 2 and fig. 2 are the main tables in this model. These tables 
are created specific for this purpose an contain all the products 
arranged in different combinations through bill of materials 
(BOM) so that it is possible to see which components 
constitutes a product. Furthermore, this table has been enriched 
with interface information as described by Skogstad et al. [25]. 
Starting from the left column in table 2, ‘BOM NR’ represents 
a unique BOM. Each product can have multiple BOM´s if e.g. 
the same product is produced in multiple factories. ‘Product’ is 
the representation of the actual architecture/ product. 
‘Component’ is all the elements that makes up the product. 
‘Usage’ is the number of components required in the product. 
‘Type’ is a classification of the components used to identify 
similar components with same “form-fit-function”. ‘Interface 
A/B’ based on Skogstad  [25] display that there is an interface 
between component type A and B and because the numeric 
values are similar in product 1001 and 1002 it can be seen that 
they share similar interface between component types A and B. 
In column ‘Interface C/D’ it can be seen that because product 
1001 and 1002 do not have same numeric value they do not 
share similar interface between component type C and D. 

Table 2. Example of portfolio table 

This table containing portfolio information can also be 
described using a block diagram containing the same 
information. In fig. 2 the information described in table 2 is 
displayed using a block diagram for understanding purpose, 
this is however not possible for the whole model as this could 
contain data from thousands of products. 

 
 
 
 
 

 

Fig. 2. UML object displaying information from portfolio table 

When data is modeled as displayed in fig. 1 it is possible to 
retrieve multiple pieces of information by combining the 
different data sets. One of the options is to calculate all variable 
cost (Cost of Goods Sold) associated with producing the entire 
portfolio. This is possible because the cost for each component 
is available in the cost table and can be added to the portfolio 
table creating each distinct BOM with cost. The sum of all 
components constitutes the cost of the product, and because the 
amount of products produced in a given time period is available 
in the production As-Is, it is possible to summarize these to see 
what the related cost have been in that given time period. 
Another option is to see how many unique components have 
been used to produce the current portfolio and where these have 
been either produced or purchased and in which quantity. All 
components can be grouped based on material type to see 
where in the architecture the most variance and cost are created. 
A third option is to identify the number of unique interfaces 
between each component and “backtrack” these to firstly see 
how many unique products use this specific interface and in 
what volume and at what cost are these produced. This makes 
it possible to compare specific interfaces based on volume and 
cost. Once this information is made available to the engineers 
and system architects, it is possible to make informed decisions 
about where to modularization and standardization, which will 
be further explained in the following example.   

5. Example  

When engineers and system experts are to use the model for 
identifying potential scenarios, there are several ways to take 
an offset for creating different scenarios. One scenario could be 
to keep all the different interfaces that exist in the current 
portfolio and only use best-of-breed within one material type 
that have the same interfaces. Another scenario could be that 
system experts know that there is no customer requirement or 
physical hindering for standardizing specific interface variants 
if e.g., system 1001 and 1002 could share interface between 
material type C and D. A third scenario could be to do a 
combination of the previous scenarios.  
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an example from a case company, while Section 6 presents the 
discussion and Section 7 conclusively summarizes the 
contribution and future research directions.  
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cost (Cost of Goods Sold) associated with producing the entire 
portfolio. This is possible because the cost for each component 
is available in the cost table and can be added to the portfolio 
table creating each distinct BOM with cost. The sum of all 
components constitutes the cost of the product, and because the 
amount of products produced in a given time period is available 
in the production As-Is, it is possible to summarize these to see 
what the related cost have been in that given time period. 
Another option is to see how many unique components have 
been used to produce the current portfolio and where these have 
been either produced or purchased and in which quantity. All 
components can be grouped based on material type to see 
where in the architecture the most variance and cost are created. 
A third option is to identify the number of unique interfaces 
between each component and “backtrack” these to firstly see 
how many unique products use this specific interface and in 
what volume and at what cost are these produced. This makes 
it possible to compare specific interfaces based on volume and 
cost. Once this information is made available to the engineers 
and system architects, it is possible to make informed decisions 
about where to modularization and standardization, which will 
be further explained in the following example.   

5. Example  

When engineers and system experts are to use the model for 
identifying potential scenarios, there are several ways to take 
an offset for creating different scenarios. One scenario could be 
to keep all the different interfaces that exist in the current 
portfolio and only use best-of-breed within one material type 
that have the same interfaces. Another scenario could be that 
system experts know that there is no customer requirement or 
physical hindering for standardizing specific interface variants 
if e.g., system 1001 and 1002 could share interface between 
material type C and D. A third scenario could be to do a 
combination of the previous scenarios.  
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5.1. Current setup   

For explanation and benchmarking purpose, the portfolio 
contains four products which are produced in the volume 
displayed in table 5.  
 

Table 3. The portfolio table in the current setup with cost data displayed for 
each system element 

 
Now that the cost of system element and the number of 
produced units is known, it is possible to show how the costs 
are distributed across the different material types and also in 
which material type variance is created as displayed in fig. 3.  
 

 
Fig. 3. Displaying how variance and cost are distributed based on material 

types in the current portfolio setup. 
 
Because the volume of each component used in each product 
and the number of products produced are known, it is also 
possible to show the usage of each component in the current 
portfolio setup separated by which are made in house or 
purchased from supplier. This is displayed in table 4.  
 

 
Table 4. Table displaying the number of unique components and the usage of 

each of these in the current portfolio setup. 
 
Furthermore, it is possible to calculate the cost related to 
producing the current portfolio setup in the volume that was 
produced within a given time period. This is done by 
summarising the cost of all components in each product and 
multiplying these with the units produced as displayed in table 
5. 

 
 

Table 5. Table displaying the cost of individual product and overall cost 
based on the current portfolio setup. 

 
Now that these key figures have been found and calculated, 
these are to act as a benchmark for the scenario made by 
engineers and system architects.   

5.2. Scenario 

In this example to demonstrate the model, a scenario will be 
made to see what the effects would be if all interfaces where 
maintained in the portfolio, but best practice (lowest cost) for 
each material type is used under the constraint that all interfaces 
remain stable. Meaning that a components can only be changed 
to a component with similar interfaces. With a large portfolio, 
engineers and system architects would start looking at fig. 3 
and it would be clear that the starting point would be material 
type B. This is because this is where the most variance is found 
and it is the largest cost driver in the portfolio. Because of the 
simplicity in the example, all material types will be 
investigated at the same time. First, the portfolio scenario table 
will be opened and this time it will be grouped according to 
material type as displayed in table 6. 

 
Table 6. Table portfolio scenario ordered according to material type 

 
Now it is possible for engineers and system architects to make 
an informed discussion on the amount of variance that is 
required within each material type. e.g., from table 6 it can be 
seen that there are four different types of components with the 
type B and that these system elements have interfaces to system 
elements A and D. However, these interfaces have identical 
numeric value, meaning that they are similar and it is possible 
to interchange between the four existing components. 
Therefore, it is decided in this scenario to reuse component 
2005 in all four products as this has the lowest cost. With 
material type C there is a difference in which interface these 
components uses when interfacing with system element D and 
as the overall scenario was to keep all interfaces it is only 
possible to use the one with the lowest cost with similar 
interfaces. Therefore, component 2003 will continue to be used 
in product 1001, but in product 1003 component 2009 will be 

Product Cost pr unit Unit produced Overall cost
1001 36€                 5000 180.000           
1002 39€                 7500 292.500           
1003 54€                 2000 108.000           
1004 49€                 3200 156.800           

737.300           

BOM NR product Component Usage Type Cost Interface A/B Interface C/D Interface B/D
XXXX 1001 2001 1 A 10,00€    1
YYYY 1002 2001 1 A 10,00€    1
ZZZZ 1003 2001 1 A 10,00€    1
NNNN 1004 2001 1 A 10,00€    1
XXXX 1001 2002 2 B 8,00€      1 1
YYYY 1002 2005 2 B 7,00€      1 1
ZZZZ 1003 2008 2 B 14,00€    1 1
NNNN 1004 2010 2 B 12,00€    1 1
XXXX 1001 2003 1 C 4,00€      1
YYYY 1002 2006 1 C 3,00€      2
ZZZZ 1003 2009 1 C 4,00€      2
NNNN 1004 2006 1 C 3,00€      2
XXXX 1001 2004 1 D 6,00€      1 1
YYYY 1002 2007 1 D 12,00€    2 1
ZZZZ 1003 2007 1 D 12,00€    2 1
NNNN 1004 2007 1 D 12,00€    2 1
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replaced with component 2006 as this has a lower cost with 
similar interfaces. Similarly in material type D there is two 
different interfaces between material type C and D and 
therefore two system elements will remain. 

5.3. Scenario evaluation 

Having made the changes described in subsection 5.2 it is 
possible to show the resulting cost and the effect these changes 
will have to manufacturing. In this scenario the portfolio will 
be as displayed in table 7.  

Table 7. Portfolio scenario table after changes have been made 
 

Looking at the portfolio scenario table it might not be easily 
visual what changes have been made, but when looking at table 
8 displaying the cost of the individual systems and the overall 
cost of producing these, there is a great difference. 

 
Table 8. Table displaying the cost of individual system and overall cost 

based on the scenario made. 
 
Comparing the sum of the overall cost from table 5 and 8, the 
model stipulates a cost savings close to 10% (approx. €72.000 
in this example). Furthermore, is it possible to see the effect in 
manufacturing or supplier by knowing which components are 
either increasing or decreasing in usage and in which volumes 
as shown in table 9. 
 

 
Table 9. Table displaying new usage of components 

6. Discussion  

Because this research is made using design science research 
in collaboration with a case company the applicability and 

usability of this specific model is limited. However, because 
this model is built only on standard ERP data, it is argued that 
this research could be used as a generic example and the 
applicability and usability of this model could be used in 
another context. Most of the literature on the subject are 
revolving around the design processes where Bruch and 
Bellgran [31] concludes that some of the main challenges in 
creating integrated portfolios are information management as 
information about both the current and future portfolios are 
necessary. However, creating and maintaining a model like the 
one proposed in this research would help in the future portfolio 
management process, as it can calculate the implications and 
thereby assist in making more precise business cases when 
selecting future development projects. Therefore it is argued 
that this method is not only useful when pruning the portfolio 
but it could serve as a support tool in the traditional portfolio 
management process.  

7. Conclusion  

In this research, a new approach was presented that enables 
the creation of a model that allow portfolio managers, engineers 
and system architects to create and validate different 
architectural scenarios. Implementing and maintaining a model 
of a company’s portfolio like the one presented in this research 
can have major implications as it would give the ability to 
create scenarios that can be validated and compared to find the 
most optimal solution. To utilize this approach, a database 
would need to be developed and parts of the company specific 
ERP system would need to be replicated and modelled in this.  
Future research extending on what is presented in this research 
could focus on several topics. Firstly, how could the model be 
expanded to contain more information about the architecture of 
the manufacturing domain. When conducting this research it 
was found that, in the company specific ERP system the data 
logic found  in the product domain was replicated in the 
manufacturing domain. Secondly, what effect if any, would this 
approach have on the traditional portfolio management process 
and the organization as a hole. Further research could be made 
regarding the usability of this approach on co-development if 
more information regarding the manufacturing domain was 
made. 

 

References 

[1] Gilmore J. H., Pine B. J. Markets of one: creating 
customer-unique value through mass customization. Harvard 
Business Review Press; 2000. 

[2] Baldwin C. Y., Clark K. B. Managing in an age of 
modularity. Managing in the modular age: Architectures, 
networks, and organizations, 2003; 149: 84-93. 

[3] Ikeda M., Nakagawa Y. Two ways of modularization 
strategy in Japan: Toyota-Honda vs. Nissan-Mazda. 
documento presentado al noveno encuentro de la GERPISA, 
disponible en http://www.univ-evry.fr/labos/gerpisa, Paris, 
2001;: 7-9. 

BOM NR Mat (System)Mat (Sys Element)Usage Mat type Cost Interface A/B Interface C/D Interface B/D
XXXX 1001 2001 1 A 10,00€    1
XXXX 1001 2005 2 B 7,00€      1 1
XXXX 1001 2003 1 C 4,00€      1
XXXX 1001 2004 1 D 6,00€      1 1
YYYY 1002 2001 1 A 10,00€    1
YYYY 1002 2005 2 B 7,00€      1 1
YYYY 1002 2006 1 C 3,00€      2
YYYY 1002 2007 1 D 12,00€    2 1
ZZZZ 1003 2001 1 A 10,00€    1
ZZZZ 1003 2005 2 B 7,00€      1 1
ZZZZ 1003 2006 1 C 3,00€      2
ZZZZ 1003 2007 1 D 12,00€    2 1
NNNN 1004 2001 1 A 10,00€    1
NNNN 1004 2005 2 B 7,00€      1 1
NNNN 1004 2006 1 C 3,00€      2
NNNN 1004 2007 1 D 12,00€    2 1



 Morten Skogstad Nielsen  et al. / Procedia CIRP 107 (2022) 1509–1514 1513
4 Morten Skogstad Nielsen/ Procedia CIRP 00 (2019) 000–000 

5.1. Current setup   

For explanation and benchmarking purpose, the portfolio 
contains four products which are produced in the volume 
displayed in table 5.  
 

Table 3. The portfolio table in the current setup with cost data displayed for 
each system element 

 
Now that the cost of system element and the number of 
produced units is known, it is possible to show how the costs 
are distributed across the different material types and also in 
which material type variance is created as displayed in fig. 3.  
 

 
Fig. 3. Displaying how variance and cost are distributed based on material 

types in the current portfolio setup. 
 
Because the volume of each component used in each product 
and the number of products produced are known, it is also 
possible to show the usage of each component in the current 
portfolio setup separated by which are made in house or 
purchased from supplier. This is displayed in table 4.  
 

 
Table 4. Table displaying the number of unique components and the usage of 

each of these in the current portfolio setup. 
 
Furthermore, it is possible to calculate the cost related to 
producing the current portfolio setup in the volume that was 
produced within a given time period. This is done by 
summarising the cost of all components in each product and 
multiplying these with the units produced as displayed in table 
5. 

 
 

Table 5. Table displaying the cost of individual product and overall cost 
based on the current portfolio setup. 

 
Now that these key figures have been found and calculated, 
these are to act as a benchmark for the scenario made by 
engineers and system architects.   

5.2. Scenario 

In this example to demonstrate the model, a scenario will be 
made to see what the effects would be if all interfaces where 
maintained in the portfolio, but best practice (lowest cost) for 
each material type is used under the constraint that all interfaces 
remain stable. Meaning that a components can only be changed 
to a component with similar interfaces. With a large portfolio, 
engineers and system architects would start looking at fig. 3 
and it would be clear that the starting point would be material 
type B. This is because this is where the most variance is found 
and it is the largest cost driver in the portfolio. Because of the 
simplicity in the example, all material types will be 
investigated at the same time. First, the portfolio scenario table 
will be opened and this time it will be grouped according to 
material type as displayed in table 6. 
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seen that there are four different types of components with the 
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numeric value, meaning that they are similar and it is possible 
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2005 in all four products as this has the lowest cost. With 
material type C there is a difference in which interface these 
components uses when interfacing with system element D and 
as the overall scenario was to keep all interfaces it is only 
possible to use the one with the lowest cost with similar 
interfaces. Therefore, component 2003 will continue to be used 
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replaced with component 2006 as this has a lower cost with 
similar interfaces. Similarly in material type D there is two 
different interfaces between material type C and D and 
therefore two system elements will remain. 

5.3. Scenario evaluation 

Having made the changes described in subsection 5.2 it is 
possible to show the resulting cost and the effect these changes 
will have to manufacturing. In this scenario the portfolio will 
be as displayed in table 7.  

Table 7. Portfolio scenario table after changes have been made 
 

Looking at the portfolio scenario table it might not be easily 
visual what changes have been made, but when looking at table 
8 displaying the cost of the individual systems and the overall 
cost of producing these, there is a great difference. 
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Comparing the sum of the overall cost from table 5 and 8, the 
model stipulates a cost savings close to 10% (approx. €72.000 
in this example). Furthermore, is it possible to see the effect in 
manufacturing or supplier by knowing which components are 
either increasing or decreasing in usage and in which volumes 
as shown in table 9. 
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6. Discussion  

Because this research is made using design science research 
in collaboration with a case company the applicability and 

usability of this specific model is limited. However, because 
this model is built only on standard ERP data, it is argued that 
this research could be used as a generic example and the 
applicability and usability of this model could be used in 
another context. Most of the literature on the subject are 
revolving around the design processes where Bruch and 
Bellgran [31] concludes that some of the main challenges in 
creating integrated portfolios are information management as 
information about both the current and future portfolios are 
necessary. However, creating and maintaining a model like the 
one proposed in this research would help in the future portfolio 
management process, as it can calculate the implications and 
thereby assist in making more precise business cases when 
selecting future development projects. Therefore it is argued 
that this method is not only useful when pruning the portfolio 
but it could serve as a support tool in the traditional portfolio 
management process.  

7. Conclusion  

In this research, a new approach was presented that enables 
the creation of a model that allow portfolio managers, engineers 
and system architects to create and validate different 
architectural scenarios. Implementing and maintaining a model 
of a company’s portfolio like the one presented in this research 
can have major implications as it would give the ability to 
create scenarios that can be validated and compared to find the 
most optimal solution. To utilize this approach, a database 
would need to be developed and parts of the company specific 
ERP system would need to be replicated and modelled in this.  
Future research extending on what is presented in this research 
could focus on several topics. Firstly, how could the model be 
expanded to contain more information about the architecture of 
the manufacturing domain. When conducting this research it 
was found that, in the company specific ERP system the data 
logic found  in the product domain was replicated in the 
manufacturing domain. Secondly, what effect if any, would this 
approach have on the traditional portfolio management process 
and the organization as a hole. Further research could be made 
regarding the usability of this approach on co-development if 
more information regarding the manufacturing domain was 
made. 
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