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1. INTRODUCTION 

Companies delivering highly customized High Value Low Volume (HVLV) products are 

facing multiple challenges when trying to be competitive in the market. These Engineer-

ing-to-Order (ETO) deliveries fulfil the customer needs precisely. When delivering HVLV 

products, delivery time is months or even years due to the complexity of the product and 

required engineering work after signing a contract with a customer. Tendering requires 

engineering and therefore lost bid leads to lost working hours spent on engineering and 

preparation of the offer. To overcome the competition, products should be sold at lower 

price and delivered in a shorter time than other competitors to ensure success in the 

bidding process. Technical proposal preparation is time consuming and requires involve-

ment of expertise and product knowledge, such as product documents, drawings (formal 

knowledge) or implicit rules from people with technical expertise (tacit knowledge) (Raf-

faeli, Savoretti and Germani, 2017). Developing the product partly to be delivered as 

Configure-to-Order (CTO) could shorten the lead times and save resources by reusing 

design knowledge. Typical to CTO products, engineering work has already been done 

before products sales. Pakkanen et al. (2022) claims that by modularizing investment 

goods, time required by the engineering design is reduced.  

A need for processes or methods supporting Hybrid Product development is recognized 

in the industry (Juuti et al., 2023). No suitable process exists in the literature and there-

fore this thesis provides support for Hybrid Product development by uncovering the in-

formation and decisions needed in Hybrid Product development. The concept Hybrid 

Product refers to a HVLV artefact that utilizes both architecture-based design and flow-

based design. 

Objective of this thesis is to identify deliverables and relations that are needed when 

developing Generic Hybrid Products. Generic Hybrid Product refers to a base product 

that is developed before sales-order-delivery process and form which the Hybrid Product 

Unit is being developed and delivered to a customer. This thesis focuses on the Generic 

Hybrid Product development process and therefore development of Hybrid Product Unit 

is not discussed in this work.  
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2. RESEARCH METHOD & STRATEGY 

2.1. Design Research Methodology 

Design Research Methodology (DRM) by (Blessing and Chakrabarti, 2009) was used in 

this thesis. According to authors, DRM is a methodology that is linking together various 

types of design research, helping plan design research by provided process steps and 

improving the changes to obtain more useful and valid outcomes. That is the reason, 

why this methodology was selected for this study. 

The framework of DRM consists of four stages (see figure 1). Research Clarification 

stage includes an initial description of the existing situation and criteria for the research. 

In Descriptive Study 1 literature is reviewed to make the initial description of the existing 

situation more detailed. Prescriptive Study is for correcting and elaborating the initial 

description. Finally, Descriptive Study 2 aims to investigate the impact of the built support 

in Prescriptive Study. (Blessing and Chakrabarti, 2009) 

 

 

Figure 1.   Design Research Methodology framework (Blessing and Chakrabarti, 
2009) 

 

Criteria of the research was specified in the research group. A research gap related to 

processes or methods for Hybrid Product development is identified which is to be fulfilled 

partially in this work. In the Descriptive Study 1, a literature review was conducted to find 
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out, what research has already been done related to configurable products in ETO con-

text as well as literature related to Module Systems and DRPs were searched. In the 

Prescriptive Study, a hypothesis was formed based on expert interviews: deliverables 

and relations between deliverables when developing Generic Hybrid Products. Descrip-

tive Study 2 consists of a part of the hypothesis that were tested in case company A in 

six different cases to figure out whether deliverables and relations between deliverables 

are needed in the cases. After the case study, Prescriptive Study was once again con-

ducted to complete the hypothesis.  

2.2. Research strategy 

A research strategy was formed to give a guideline for this thesis. This thesis consists of 

a theoretical part and an empirical part. Theoretical part consists of the premise of this 

work, literature review that were conducted to answer research question 1, concept map 

that was formed for Hybrid Product development and a research result comparison with 

the findings from the literature. The results of the thesis are considered as theoretical 

part of the thesis, answering research questions 2 and 3.  

Empirical part of the thesis consists of the hypothesis that was formed based on expert 

interviews, a multiple case study in which a part of the hypothesis was tested, and up-

dated hypothesis based on expert interviews. The research strategy is illustrated in figure 

2. 

 

Literature review: Module Systems, 
Brownfield Process, Design Reasoning 
Patterns, partly configurable products, 

dynamic modularisation, CSL...

Expert interviews:
Relevant deliverables & relations 

based on experience & past projects

Hypothesis: 
deliverables & 
relations when 

developing hybrid 
products

Data collection 
from cases 1A-

6A

Plan for the case studies: 
potential cases for verifying 
deliverables and relations 

between deliverables

Hypothesis update: 
Update of the flow model: 
deliverables and relations

Research results: 
Deliverables & relations 

needed when developing 
Generic Hybrid Products
RQ2 RQ3

Literature review:
 The most recent research on 

configurable products in ETO context

Concept map: concepts  
needed when developing 
Generic Hybrid Products

Expert interviews:
Hypothesis revision, 

comments & proposals for 
changes

Data analysis & 
results form cases 

1A-6A

Reserch result 
comparison with the 

findings from the 
literature

RQ1

Theoretical part of the thesis

Empirical part of the thesis

Multiple case study

 

Figure 2.   Research strategy of the thesis 
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 Search strings used in each search of the systematic literature review 
 

TITLE ( ( "configurable product" OR design OR project OR product OR industrial OR capital OR 
investment OR configur* OR tacit OR customiz* OR modular* ) AND ( development OR process 
OR management OR information OR architecture OR structuring OR goods OR product OR 
delivery OR deliverable OR knowledge OR automation OR science ) ) 

TITLE ( ( "configur*" OR "customi*" OR "modular*" OR "architecture" OR "rat ionale" OR "design 
information" OR drp OR "information flow*" OR "design reasoning pattern" OR "design-
reasoning-pattern" OR "dependency model" OR "part it ioning" OR "partitioning logic" OR "module 
system" OR "modular system" OR "process" OR "method" OR "framework" OR "methodology" 
OR "approach" OR disposition OR "tacit knowledge" OR "knowledge management" OR 
"knowledge model*") )

Scopus1 WoS1 Scopus2 WoS2

x x

x x

KEY ( "engineering-to-order" OR eto OR "engineering to order" OR "engineer to order" OR 
"engineer-to-order" OR "capital good*" OR "investment good*" OR "high value low volume" OR 
"HVLV" OR "one-of-kind" OR "one of kind" ))

x

Scopus3 WoS3 Scopus4 Scopus5

TITLE ( ( "configur*" OR "reuse" OR "re-use" OR "customi*" OR "modular*" OR "architecture" OR 
"rationale" OR "design information" OR drp OR "information flow*" OR "design reasoning pattern" 
OR "design-reasoning-pattern" OR "dependency model" OR "partitioning" OR "partitioning logic" 
OR "module system" OR "modular system" OR "process" OR "method" OR "framework" OR 
"methodology" OR "approach" OR disposition OR "tacit knowledge" OR "knowledge 
management" OR "knowledge model*" ) )

x

TITLE-ABS-KEY ("module system*" OR "modular system" OR "partitioning logic" AND ("product" 
OR "artefact") x

ABS ( engineering-to-order OR eto OR "engineering to order" OR "engineer to order" OR 
"engineer-to-order" OR "engineer* to order" OR "engineer*-to-order") x x

ABS ( "engineering-to-order" OR eto OR "engineering to order" OR "engineer to order" OR 
"engineer-to-order" OR "capital good*" OR "investment good*" OR "high value low volume" OR 
"HVLV" OR "one-of-kind" OR "one of kind"

x x

OR

AND AND

AND

TITLE-ABS-KEY  ( ( "module system*" OR "modular system" OR "partitioning logic" ) AND ( 
"product" OR "artefact" ) x

Scopus6 Scopus7

AND

ABS ( ( "conf igur*" OR "reuse" OR "re-use" OR "customi*" OR "modular*" OR "architecture" OR 
"rationale" OR "design information" OR drp OR "information flow*" OR "design reasoning pattern" 
OR "design-reasoning-pattern" OR "dependency model" OR "partitioning" OR "partitioning logic" 
OR "module system" OR "modular system" OR "process" OR "method" OR "framework" OR 
"methodology" OR "approach" OR disposition OR "tacit knowledge" OR "knowledge 
management" OR "knowledge model*" ) )

x

KEY ( ( "configur*" OR "reuse" OR "re-use" OR "customi*" OR "modular*" OR "architecture" OR 
"rationale" OR "design information" OR drp OR "information flow*" OR "design reasoning pattern" 
OR "design-reasoning-pattern" OR "dependency model" OR "partitioning" OR "partitioning logic" 
OR "module system" OR "modular system" OR "process" OR "method" OR "framework" OR 
"methodology" OR "approach" OR disposition OR "tacit knowledge" OR "knowledge 
management" OR "knowledge model*" ) )

x

OR

AND

TITLE-ABS-KEY ("design reasoning pattern" OR "design reasoning path" OR "information flow 
modelling") x

ALL ("ETO" and "reuse") x

ALL (( ( ( "modular" AND "configurable" ) AND ( "product" OR "artefact" ) ) AND ( "engineer -to-
order" OR "ETO" ) )) x

ALL (Formalisation of Information Flows to Support Lean Manufacturing Implementation : Study 
of High-Variety, Low-Volume Manufacturing in a High-Cost Country)

Andor 1

x
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logic also describes why the elements of the Module System are certain type and which 

elements needs variants in the modular product. (Pakkanen et al., 2013) 

Key concepts of a configurable product and how they are related to each other are put 

together by Juuti (2008), shown in figure 5. 

 

Figure 5.   Configurable product key concepts, adapted from (Juuti, 2008) 

 

Juuti (2008) groups the concepts in three different categories: order-delivery process, 

management, and design process. Key elements related to Module System are high-

lighted with green colour. It is seen that technology is an enabler and a limiter at the 

same time: technology enables modules and interfaces and variability of the Module 

System but limits the partitioning logic meaning that there are some restrictions in way 

of how the Module System could be partitioned. Customization policy and architecture 

can be seen as an enabler for designing of Module Systems. Customisation policy de-

fines product variants that the company wishes to provide for the customers and parts of 

the variability that is available for the customers. (Juuti, 2008) 

A method for developing modular product families (or Module System) exist in the liter-

ature (Pakkanen, 2015; Pakkanen, Juuti and Lehtonen, 2016). The proposed method 
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knowledge is created in the step eight by connecting module variants and customer 

needs. In the nineth step, full product family documentation is achieved. Final step is for 

estimating the business impacts of the modular product family that is developed. (Pak-

kanen, Juuti, Lehtonen, 2016) 

Challenges related to Module System development are identified by Pakkanen, Juuti and 

Lehtonen (2019). Seven different categories of challenges were presented: people, pro-

cess, information technology (IT), governance, culture, strategic alignment, and project. 

Challenges are presented in the figure 7. 

 

Figure 7.   Challenges in the engineering design of Module Systems (Pakkanen, 
Juuti and Lehtonen, 2019) 

 

Alternative ways to partition product into modules are presented by Pakkanen, Lehtonen 

and Juuti (2020). A total of six were identified based on the literature and teaching ex-

periments. Big and small building blocks are based on dividing a product into big or small 

modules. Big common element partitioning is based on the idea that attaching modules 

to a big common element no removal of modules is required. Modules connected to the 

big common element could also be connected to other modules in the wholeness. Multi-

functional core element is based on product platform approach including standardised 

elements fulfilling basic essential functions of a product. Frame-like base element con-

sists of a frame (e.g. frame of a machine or a plant) in which modules are attached to. 

Function-based elements is based on dividing the product into modules based on the 

functions of the product. (Pakkanen, Lehtonen and Juuti, 2020) All identified partitioning 

types are presented in the figure 8. 
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Figure 8.   Partitioning types of a modular product (Pakkanen, Lehtonen and Juuti, 
2020) 

3.2.3. Partly configurable delivery content 

A partly configurable product is divided into four different set of parts: standard, configu-

rable, one of a kind and partly configurable (see figure 9). Standard parts are parts that 

does not require designing in the order-delivery process when delivered and can be re-

used in products. Configurable parts are a combination of standard parts and other con-

figurable parts. Configurable parts enable variability of a certain part. One-of-a-kind parts 

are customer specifically designed parts and can also contain standard parts. Partly con-

figurable parts are a combination of the three mentioned part types. (Juuti and Lehtonen, 

2006) 

 

Figure 9.  Partly configurable product consists of standard parts, configurable parts, 
one-of-a-kind parts and partly configurable parts (Juuti and Lehtonen, 2006) 
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(Lehtonen et al., 2003) Dynamic modularisation when practically implemented is illus-

trated in figure 11. 

 

Figure 11.  Dynamic Modularisation in product creation process (Lehtonen et 
al., 2003) 

 

3.2.6. Design Reasoning Patterns  

Design Reasoning Patterns (DRP) are scarcely discussed topic in the literature. Lehto-

nen et al. (2016) defines DRPs as a model including logical sequences of designing a 

physical product, aiming to describe dominant product design aspects, enabling reason-

ing of the design and design information reuse. DRP models could also make design 

decision sequences explicit on a company level. A Product Structure Based Information 

Flow Modelling (PSIFM) process based on Koskela's (2000) transformation-flow-value 

production theory is introduced by Halonen, Lehtonen and Juuti (2014), supporting real-

isation and execution of product and production development projects. The method al-

lows to make design decision sequences explicit and aims improved management of a 

new product development project. Process phases are listed in figure 12. 
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Figure 12.  A Product Structure Based Information Flow Modelling process 
(Halonen, Lehtonen and Juuti, 2014) 

 

 

Adlin (2022) presents a method for formalizing information flows supporting product and 

production development activities. The main outcome of the method is a visualised rela-

tion or activity map of the object to be developed. Benefits gained from information flow 

modelling method are claimed to be a systematic and analytical step for development 

process and a possibility to see a big picture of the development work. The proposed 

method has three different phases: value structuring phase, flow structuring phase and 

transformation structuring phase. Even though the modelling steps are presented in a 

linear order, they can be done iteratively in parallel with each other. (Adlin, 2022) The 

whole method is shown in figure 13. 
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Figure 15.  Information flow in the adaptive product platform approach (Levan-
dowski, Jiao and Johannesson 2015) 

 

According to Mustonen and Harkonen (2024), when making productization in ETO busi-

ness, a generic structure of the product should be made where product features are seen 

as sales items. Sales items should also be linked to corresponding technical version of 

the item which could be an assembly, module, component, software, or a service. Ge-

neric structure consisting of commercial and technical items allows to set prices for as-

signed features and calculate costs. 

Keinicke, Christensen and Mortensen (2022) presents a method for identifying candi-

dates for modularisation. The proposed method is executed in three steps. First step 

consists of decomposing previous product deliveries. In the second step, products are 

analysed based on five dimensions: market segments, customer requirements, product 

architectures, lead times, and costs. In the final step, best modular candidates are iden-

tified across mentioned dimensions. (Keinicke, Christensen and Mortensen, 2022) Pro-

posed method is illustrated in figure 16. 
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Figure 16.  Modular Candidate Identification method (Keinicke, Christensen 
and Mortensen, 2022) 

 

André and Elgh (2018) presents a design platform approach that enables reuse of trans 

disciplinary resources beyond physical components in product development . The design 

platform approach consists of information model that can hold information of multiple 

different resources, shown in figure 17. However, resources vary depending on the com-

pany that the design platform is used in. 

 

Figure 17.  Design Platform model could contain several types of resources 
(André and Elgh, 2018) 
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Pfeifer et al. (2020) presents an approach for identifying standardised and reusable mod-

ules in ship building. In the first step, a logical architecture is developed. Second step 

consists of adapting the architecture developed in potential use cases. In the final step, 

a change impact analysis is made. The approach requires documents from past devel-

opment projects and as a result, a suggestion for potential ship modules is created. The 

whole procedure is illustrated in figure 18. 

 

Figure 18.  A procedure for developing modular ship architecture by using 
Model Based Systems Engineering (MBSE) approaches and methods (Pfeifer 

et al., 2020) 

 

Haug, Hvam and Mortensen (2013) proposes a procedure for reducing product solution 

space in ETO companies. The procedure consists of five phases: project focus definition, 

description of an existing product solution space, product solution space reduction, im-

plementation of reduced solution space and project evaluation. A total of 13 tasks in 

different phases are carried out. (Haug, Hvam and Mortensen, 2013) Tasks in different 

phases are listed in figure 19.  

 

Figure 19.  Phases and tasks of product solution space reduction procedure 
(Haug, Hvam and Mortensen, 2013) 

 



20 
 

Christensen and Brunoe (2018) have identified several challenges related to configura-

tion of ETO products. A following 5 main challenges are mentioned by authors: 

1. Gradually determined product characteristics 

2. Increased product demand mix due to long order horizons 

3. Supply chain activities driven by product configurator 

4. Comprehensive product variations and high product complexity 

5. Solutions are required outside the configurable solution space. 

Christensen and Brunoe (2018) also identified solutions for the challenges in the litera-

ture review. Suggested solutions cover, for example, staged product configuration, fre-

quent engineering changes when configuring the product, relationships between deci-

sions when the product is configured and ETO product configuration management. 

Product variant information could be presented with visual maps making information ex-

plicit and it also could be used as a basis for implementation of CTO strategy (Ulonska 

and Welo, 2016). An example of a product portfolio map is illustrated in figure 20. Product 

portfolio map could be used to visualise all product variants of a product family side by 

side. It is also stated that product portfolio maps make scattered product portfolio infor-

mation explicit and enables to compare functional, principal, or physical variants side by 

side. (Ulonska and Welo, 2016) 

 

Figure 20.  Product portfolio map (Ulonska and Welo, 2016) 
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A 5 step framework for improving product configurability in ETO companies are pre-

sented by Markworth et al. (2017). Steps of the proposed approach is presented in figure 

21. As a result of the approach, a visual overview of the product family is created as well 

as CTO and ETO customisations are seen and what impact does ETO customisations 

have on interfaces, product structures and modules of the product. This could also help 

companies to assess whether the product needs to be improved in terms of CTO and 

ETO customisations of the product. (Markworth et al., 2017) 

 

Figure 21.  A five step approach for improving product configurability in ETO 
companies (Markworth et al., 2017) 

Standardisation programs in ETO context has been studied (Vollmar and Gepp, 2015). 

A procedure model for standardising modules is presented, seen from figure 22. The 

procedure model consists of four steps: preparation, hierarchisation, modularisation and 

standardisation. The procedure model is part of a framework that is presented by Vollmar 

and Gepp (2015). 

 

 

Figure 22.  Procedure for modularisation and standardisation in ETO context 
(Vollmar and Gepp, 2015) 
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An approach is proposed by Raffaeli, Savoretti and Germani (2017) for formalisation of 

design and manufacturing knowledge. The proposed approach consists of 8 steps, illus-

trated in figure 23. Authors claims that the approach could potentially save time when 

new offers are formulated.  

 

Figure 23.  A procedure for formalisation of design and manufacturing 
knowledge (Raffaeli, Savoretti and Germani, 2017) 

 

A generic modularisation procedure for customer-specific products is proposed by 

Girkes et al. (2024). A six-step procedure consists of customer requirement clarification, 

product structure decomposition, component analysis, module identification, concept se-

lection and module revision. The procedure is illustrated in figure 24. 

 

Figure 24.  A six-step modularisation procedure for customer-specific products 
(Girkes et al., 2024) 
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3.2.8. Conclusion from the literature of configurable ETO prod-
ucts 

A table was formed to summarise used concepts in the literature of configurable ETO 

products (see table 2). As seen from the table, some concepts have multiple definitions 

and therefore this table concludes the fact that concept definitions vary in the literature 

and therefore it must be aware that some concepts have a different meaning for one 

research group than others. It was also noticed that some references did not define some 

concepts even though they were in a central role in the text. Therefore, some interpreta-

tion should have been made by the reader. However. This thesis aims to be clearer about 

the concepts used. 

 Concepts used in the literature of configurable ETO products 
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A modular product 
architecture

"...one or more interfaces that are designed to limit the effect of customers�¶��requirements to single modules, 
thereby decreasing the internal variety of products."

x

Adaptive generic product 
structure

A dynamic product structure-based product family model, based on the Generic Bill of Material (GBOM) 
model

x

Design platform
A toolbox for a development team that contains reusable methods, lessons learned, relations, constraints, 
behaviour models and parametric models, for example (Elgh et al., 2017)

x

General product architecture Functional diagrams and hierarchies of implementing modules x

Generic product structure 
Structure that includes all different variations of the product in a single structure (Saaksvuori & Immonen, 
2008, as cited in Mustonen and Harkonen 2022)

x

Modular Product
"�«��consist of predefined and loosely coupled modules, which imply that they can help achieve cost 
reductions with regard to inventory, logistics and development of new products."

x

Includes clearly defined relation to customer requirements or product functions, clearly defined interfaces, 
physical product structure (Eppinger and Ulrich, 2000, as cited in Markworth et al., 2017), could be defined 
based on common process step or knowledge (Markworth et al., 2017)

x

Subsystem of a complex system that are independent from other subsystems x

Building blocks of a product with specified interfaces (Erixon 1998) x

A group of components from a product structure that is broken down into components x

Module-based platform Consists of a set of interchangeable modules (Simpson, 2004) x

Plant architecture Functional and physical structures of a plant x

Platform A set of general systems, used to create range of products (Meyer and Lehnerd, 1997) x x

"...set of product variants that share the common product platform as the product family" (Meyer and Lehnerd 
1997, as cited in Sahin-Sariisik et al. (2014))

x

"A set of similar products that are configured form a common platform to meet specific customer 
requirements" (Meyer and Lehnerd (1997), as cited in Ulonska and Welo, 2016)

x

The arrangement of functional elements, the mapping of functional elements to physical components, and the 
specification of interfaces among interacting physical components (Ulrich 1995, as cited in Markworth et al., 
2017)

x

"...a commonality of underlying technologies and solution principles across a range of products." x

Describes all possible product variations with predefined set of components (Hvam et al. 2008) x

Represents functionality and interactions between functions x

Product modularization
"�« a principle for organizing designs by decomposition into simpler subsystems to be reused across different 
product variants."

x

A set of subsystems and interfaces forming a common structure from which products can be developed and 
produced (Meyer and Lehnerd 1997)

x

"...set of all components, manufacturing processes, and/or assembly steps that are common in a set of 
products" (Meyer & Lehnerd. 1997, as cited in Sahin-Sariisik et al., (2014))

x

Product portfolio map A product family visualisation tool x

Product structure  A set of objects and their relationships, together representing a structural aspect of a product x

Variant A product within a product family x

Module

Product architecture 

Product model

Product family

Product platform 
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were gathered to share their thoughts about the hypothesis. As a result, six commented 

versions of the hypothesis were emerged for further analysis. In addition, some thoughts 

and ideas were shared between attendees and facilitators during the workshops and in 

the end of the day related to the hypothesis and module system development, captured 

in field notes. 

4.2.2. Collected data & data analysis of cases 1A-6A  

Collected data were analysed to verify deliverables from the hypothesis based on the 

marks on the physical paper prints of the hypothesis. Deliverables selected for the cases 

1A-6A are listed in the table. Colours seen in the leftmost side are relating to colour of 

the deliverables in the hypothesis, representing a different group: pale orange related to 

Module System development, dark orange to context of a company or product and yellow 

related to strategic-, tactical-, or operational decision making. A cross mark in a specific 

case means that the deliverable was thought as relevant in the case. The results are 

summarised in table 3. 

 

 Deliverables marked as relevant in cases 1A-6A 
 

 

 

Case groups 4A and 6A did not mark a single deliverable as relevant. According to the 

observations on the field, attendees of the case 6A were included with little prior 

Deliverables CASE 1A CASE 2A CASE 3A CASE 4A CASE 5A CASE 6A
Chosen Module System structuring tactic x x x
Context awareness x x
Developed Module System available for CCPQ x x x
Documented Module System Interfaces x x x x
Dominant design x
ETO Generic Elements x x
ETO Generic Modules x x
Generic Elements x x x x
Generic module variation types x x x
Generic Modules x x x x
Goals for a module system to be developed x x x
Module System Blueprint x x x x
Module System Configuration knowledge x x x x
Module System Design Rationale x x x
Module System development kick-off x x
Module system DRPs x x x
Module System implementation strategy in DA arrangements x
Module system interface map: Generic modules, ETO non-modules and interfaces x x x
Module system partitioning logic x x x x
Module System type A interfaces (MS boundaries) x x x x
Module system type B interfaces (MS interior) x x x x
Partitioning of the module system (Generic Elements) x x x x
Partitioning of the module system (Generic Modules) x x x
Preliminary Module system interface map: Generic elements, ETO non-modules and interfaces x x x
PSP:s connected to generic modules x x x
PSP:s connected to generic elements x x x
Rationale written in the PSP links x x x
Relevant Module system variation needs x x x x
Relevant Module system PCCs x x x x
Relevant module system PSPs x x x
Standardised parts in the module system x x x
Variation need choices connected to GMs x x x
Variation needs connected to GEs x x x x
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 Deliverable relations marked as irrelevant in cases 1A-6A 
 

 

 

Based on the data, all suggested relations from different cases are collected in the table 

6. A total of 20 new relations were suggested by four different groups. Based on the 

results in the table, some additions might be required to do to the relations. However, 

only one new relation was identified to be missing in more than one cases and therefore 

the other relations that could be needed are case specific. 

 

 Suggested deliverable relations in cases 1A-6A 
 

 

 

 

 

Relation starting point Relation ending point CASE 1A CASE 2A CASE 3A CASE 4A CASE 5A CASE 6A

Chosen Module System structuring tactic Partitioning of the module system (Generic Elements) x x
ETO Generic Elements Module system DRPs x
ETO Generic Elements Module System Blueprint x
ETO Generic Modules Module system DRPs x
ETO Generic Modules Module System Blueprint x
Generic module variation types Generic Modules x x
Generic module variation types ETO Generic Elements x x
Generic module variation types Generic Elements x
Generic module variation types Standardised parts in the module system x
Generic module variation types ETO Generic Modules x x
Relevant Module system PCCs Partitioning of the module system (Generic Modules) x
Standardised parts in the module system Module System Blueprint x x

Relation starting point Relation ending point CASE 1A CASE 2A CASE 3A CASE 4A CASE 5A CASE 6A

Design Area Arrangements Chosen Module System structuring tactic x

Chosen Module System structuring tactic Partitioning of the module system (Generic Modules) x

Partitioning of the module system (Generic 
Modules)

Preliminary module system interface map: Generic 
Elements, ETO non modules and interfaces

x

Standardised parts in the module system Generic elements x

Generic elements Standardised parts in the module system x

Standardised parts in the module system Generic modules x

Generic modules Standardised parts in the module system x x

Standardised parts in the module system Module System Configuration knowledge x

Generic module variation types ETO generic module project x

Generic module variation types Template models x

Standardised parts in the module system Generic Elements x

Standardised parts in the module system Generic modules x

Generic elements ETO generic elements x

Generic modules ETO generic modules x

Module blocks GE from other module systems x

Interfaces to other module systems Module System type A interfaces (MS boundaries) x

Generic elements Generic modules x

Standardised parts in the module system Supplier possibilities/limitations x

Supplier possibilities/limitations Module System blueprint x

Design Area Arrangements Module Blocks x
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4.2.3. Results from cases 1A-6A 

The objective of conducting cases 1A-6A was to verify a part hypothesis in a following 

way: which deliverables are needed in each case and which deliverables are possibly 

missing, which relations are irrelevant and in which cases, and which relations are pos-

sibly missing. During the workshops some teams managed to apply the hypothesis in 

their field of expertise. Case team 1A were able to thoroughly think how every single 

deliverable could be utilized in their case. Also, case 3A representing software did not 

find it too difficult to implement the idea of module system development on their case 

and managed to find links to their topic. On the other hand, in some cases attendees 

struggled to figure how the deliverables would fit in their case. It seemed that for services 

the concepts related to module system development seemed a bit difficult. Especially 

how the different services provided for the customer could be thought as generic ele-

ments or generic modules. In the end of the day, participants commented that the hy-

pothesis described very accurately the design of a module system. Most of the critics 

came from participants, who had little or no experience on the product development pro-

ject and therefore the concepts used in the hypothesis were difficult to understand and 

therefore it was hard to evaluate the hypothesis. Overall, the hypothesis was considered 

to be useful and very accurate based on the discussions on the field between participants 

and facilitators. A summary of results from the cases 1A-6A are listed as numbers in 

table 7. 

 

 Summary of the results from the cases 1A-6A 
 

 

 

Some major changes are made to the deliverables and relations based on the feedback 

from cases 1A-6A and due to the alternating modelling style in the flow model. Some of 

the suggestions from the cases were accepted, but also some additional changes were 

made to the hypothesis. It was noticed in the cases that there were some issues in the 

hypothesis modelling style that needed to be changed. All accepted and rejected 

changes are collected to a table 8 below as well as additional changes.  

 

CASE 1A CASE 2A CASE 3A CASE 4A CASE 5A CASE 6A

Deliverables marked as relevant (out of 33) 27 26 31 0 14 0

New deliverables proposed 0 0 3 2 5 1

Relations marked as irrelevant (out of 48) 2 0 0 5 9 0

New relations proposed 8 0 1 5 7 0
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 Changes made to the hypothesis based on cases 1A-6A 
 

 

 

Based on the observations from the field, the case group 6 had a hard thought about the 

design area development phase and emphasized the proposed deliverable in the end 

conversation and therefore it was added to the hypothesis. Most of the suggested rela-

tions to be removed could have been removed anyways due to the modelling style slip-

up discussed above leading to removable of additional deliverables as well as adding 

some relations seen in the table 8 above. One relation was added based on comments 

from case 1 in the beginning of the Module System development phase form the end of 

design area development phase. The hypothesis was updated based on the feedback 

and further reviewed by the experts, as discussed previously in the section 4.1.  

The development project had been running in the company for a while and some devel-

opment work had been done before the Module System development workshops mean-

ing that some of the participants was already familiar with the topic of Hybrid Products. 

However, most of the deliverables presented in the hypothesis were new to the at-

tendees. Therefore, there were potentially lack of understanding the actual meaning of 

the deliverables and this should be considered when it comes to the data analysis and 

results of the case studies. A concept map would be helpful in the future case studies 

whether the participants struggle with the large number of concepts used in Generic Hy-

brid Product development. 

 

 

 

Accepted changes based on suggestions from cases A1-A6 Additional changes
 - Generic Modules
 - Generic Elements
 - Standardised parts in the module system
 - ETO Generic Elements
 - ETO Generic Modules

Add deliverables Design area contents  -
ETO Generic Elements �W��Module system DRPs  -
ETO Generic Elements  �W��Module System Blueprint  -
ETO Generic Modules  �W��Module system DRPs  -
ETO Generic Modules �W��Module System Blueprint  -
Generic module variation types �W��Generic Modules  -

Generic module variation types �W��ETO Generic Elements  -
Generic module variation types �W��Generic Elements  -
Generic module variation types  
�W��Standardised parts in the module system  -
Design Area Arrangements
�WChosen Module System structuring tactic

Generic module variation types �W��Module System blueprint

 - Generic module variation types �WModule System DRPs
Add relations

Remove relations

Remove deliverables
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development phase where the whole solution is inspected and divided into smaller sec-

tions, Design Entities. Design Entity development focuses on development of a single 

Design Entity. Therefore, Design Entity development phase must be implemented multi-

ple times when the whole product consists of multiple Design Entities. Module System 

development considering single Module System development and must also be imple-

mented multiple times if required. All sections are guided by tactical or strategic decision 

making, shown as a yellow in the flow model. 

The order of completing deliverables depends on the relations of the deliverable and can 

be seen form the flow model. Based on the analysis of the identified relations between 

deliverables, relations are simplified and presented as relations between different sec-

tions of Hybrid Product development. According to the figure 28, context related deliver-

ables and decision making across the development project have a great impact on the 

product division development, Design Entity development, Module System development 

and Compound Configuration, Pricing and Quotation (CCPQ). In this study, deliverables 

were identified related to CCPQ phase representing sales-order-delivery process of the 

product. CCPQ consists of product unit development that is delivered to a customer, 

including configuration, optimisation, price estimation of the product and quotation prep-

aration. Hybrid Product Unit is based on the Generic Hybrid Product that is being devel-

oped in Generic Hybrid Product development process. Due to the scope of this thesis, 

CCPQ is not discussed in more detail and the focus is on the Generic Hybrid Product 

development. 

Context: company & 
offering

Generic Hybrid Product 
division development

Strategic and tactical decision 
making

Design Entity 
development

Compound Configuration 
Pricing and Quotation

Module System 
development  

Figure 28.  Relations between different phases of Generic Hybrid Product de-
velopment process 
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5.2.2. Generic Hybrid Product division development 

The purpose of Generic Hybrid Product division development is to identify Design Enti-

ties form the entire product to be developed. A total of six main outputs were identified 

related to the Generic Hybrid Product division development process, illustrated in figure 

30.  

 

Design Entity division interfaces

Generic Hybrid Product architecture

Detailed documentation of Design Entity Division 
interfaces

Design Entity division logic

Generic Hybrid Product configuration knowledge

Design Entity division

 

Figure 30.  Main outputs of the Generic Hybrid Product division development 

 

Main objective for the division is to manage variability within Design Entities and stop 

change propagation that is resulted by changing customer requirements. Ideally, possi-

ble variation is controlled within the Design Entities meaning that a change in customer 

requirements does not requires changes over the whole product but only in a certain 

Design Entity. Therefore, variation is enabled in the Generic Hybrid Product in a con-

trolled manner. 

A Design Entity division is developed based on identified sub systems and elements 

based on previously delivered products. Also, variability needs for the Generic Hybrid 

Product are guiding the designing process of Design Entity division. Variability needs 

could be certain requirements or constraints that are set by the customer. Design Entity 

division logic represents the reasoning, why the entire product is divided into such Design 

Entities as it is. 

Based on the Design Entity division, a Generic Hybrid Product architecture is developed 

consisting of Design Entities and interfaces. Multiple Generic Hybrid Product architec-

tures could be constructed, containing different Design Entity divisions. Interface types 

between different Design Entities are also identified. Detailed documentation of Design 
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Entity Division interfaces is made for later development of Design Entities and Module 

Systems.  

Configuration knowledge related to Generic Hybrid Product is created for the CCPQ 

phase, where a Hybrid Product Unit is being developed. Generic Hybrid Product config-

uration knowledge consists of rules that guides what Design Entities are used and in 

which architectures of a Generic Hybrid Product. All needed deliverables and relations 

in the Generic Hybrid Product development are presented in figure 31. 

 

Figure 31.  Relations between deliverables in Generic Hybrid Product division 
development 
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5.2.3. Design Entity development 

Once the entire Generic Hybrid Product is divided into Design Entities, all Design Entities 

should be developed. Both architecture-based engineering and flow model-based engi-

neering is utilized in the Design Entity development. A total of eight main outputs are 

identified in the Design Entity development process, illustrated in the figure 32. 

 

Design Entity architecture

Design Entity Arrangements

Interfaces between Module Systems in Design Entity

Detailed documentation of  Design Entity interfaces

Design Entity partitioning logic

Design Entity configuration knowledge

Design Entity partitioning in Module Systems & ETO 
sections

Design Entity reasoning pattern
 

Figure 32.  Main outputs of the Design Entity development 

 

Main objective for Design Entity is to manage variation caused by different customer 

needs is managed within the Design Entity and limit change propagation. Different ar-

rangements are developed to fulfil different customer requirement. Design Entity Ar-

rangements represents the actual layout how module variants and other elements are 

placed in the Design Entity. Module variants from configurations of Module Systems are 

used in a Design Entity. Based on the reuse strategy, Design Entity arrangement could 

utilize one or multiple configurations form a single Module System, or configurations from 

several Module Systems. In addition, Design Entity could have customer specifically de-

signed elements among the modules, referred as ETO sections. However, the goal is to 

minimize required ETO sections and carry out as much of the Design Entity contents as 

modules from Module System configurations. 

A design entity partitioning is designed based on structuring principles and variability 

needs within the limits of selected contents of the Design Entity. Structuring principles 
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Figure 33.  Relations between deliverables in Design Entity development 
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Strategic and tactical decisions such as Goals for the Module System development, Mod-

ule System modification policy, and a Module System development kick-off are made 

before the development of a Module System.  

 

 

Figure 35.  Relations between deliverables in Module System development 
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5.3. The concept map for development of Generic Hybrid 
Product 

A concept map was created based on the results of the thesis (see figure 37). The con-

cept map follows the same colour coding as used above, covering concepts from the 

context phase, strategic decision-making phase, Generic Hybrid Product division phase, 

Design Entity development phase and Module System development phase. 

 

 

Figure 36.  Concepts needed in the Generic Hybrid Product development 

 

 











49 
 

no similar process is found form the literature and therefore the result of this thesis pro-

vides a new approach for developing artefacts in HVLV context.  

Through the empirical part of this study a promising result were gained. Based on expert 

interviews and case studies in case company A, a good starting point was built for Ge-

neric Hybrid Product development. As mentioned above, more support from the literature 

should be found as well as more case studies to verify deliverables and relations be-

tween deliverables to make the Generic Hybrid product development flow model even 

more robust. Even though the Generic Hybrid product development process was tested 

in a single case company, author believes that the process is not only suitable for use in 

case company A but also could be used in other HVLV companies when further research 

is made.  

As a conclusion, objectives set for this thesis were achieved. Also, new information was 

formed that would be useful when developing Hybrid Products. To broaden the current 

process, more research is required as well as the process should be tested in other case 

companies as well. Cases from other companies could fill the potentially missing deliv-

erables as well as existing deliverables and relations could be verified. Also, the sales-

order-delivery process should be studied in more detail when it comes to the Hybrid 

Product Unit development. To summarize limitations on this study, a more in-depth liter-

ature review should be conduct with suitable scope as well as more data should be col-

lected from the industry. 
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modelled in DRPs. Design entity arrangements are developed to fit different customer 

needs and the layout of a Design Entity arrangement can vary. 

Module System development concentrates on development of a single Module System 

form the Generic Hybrid product. In a HVLV artefact, several Module Systems could be 

required to be developed. An objective for the Module System development is to divide 

the Module System into Generic Elements and Generic Modules in a way that variation 

is managed, and no change propagation occur over the whole Module System. A module 

system could contain delivery specific parts (referred as Module System non modules). 

The design knowledge of a Module System and Module System non modules are cap-

tured and modelled in a DRPs. A certain configuration of the module system is used in 

one or multiple design entities, and it can be used multiple times in the same design 

entity.  

An example of the development project of a Generic Hybrid Product was presented. The 

main idea of a Hybrid Product development is to build a generic product by identifying 

design entities, module systems and customer specifically designed sections from the 

product.  
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9. APPENDIX 

 
 

 Deliverables related to strategic-, and tactical decision-making 
 

 

 Deliverables related to the company and offering 
 

 

Deliverable Description
Artefact development scope Potential customer segments, customer segments to be fulfilled

Scope of the whole project
Scope for the whole hybrid product development project: businesses, value 
chains, technologies, organisations, processes, life cycles, cultures, networks, 
competencies

Business challenge & objectives Company specific business challenge & business objectives
Context awareness Product developer limitations, beliefs, affordances are identified and realized
Dependency map of the sub projects A dependency map between sub projects
Design Entity development kick-off A decision for the development of a certain Design Area
Design Entity modification policy Agreement on who can make changes to the Design Entities

Design flow process modules identified & defined
Process modules for the engineering of ETO parts of the product identified and 
defined

Engineering & reuse strategy
Decisions such as: what module systems are reused, in which design entities 
module systems are reused, what parts of the product is delivered as ETO 

Engineering catalogue Company specific set of reusable assets
Future ICT architecture Information systems the company need in the future

Future process structuring
Future processes for product design, manufacturing, delivery, use, recycle and 
disposal

Future sales process nature and type The process of selling the products in the future
Future suppliers What device/module/component suppliers company uses in the future 
Goals for a module system to be developed Goals identified and set for the Module System to be developed
Module delivery types identified The module variant delivery tactics decided 
Module System development kick-off A decision for the development of a certain Module System
Module system development roadmap A plan for the development of Module System
Module System implementation strategy in Design Entity 
arrangements

What Module Systems are used in Design Entities, and in which arrangements

Module System modification policy Agreement on who can make changes to the Module Systems
Module Systems to be reused Which Module Systems are reused in the future deliveries
New technologies & innovations to be developed New technologies & innovations to be developed for future deliveries
Objectives for the main project E.g. business objectives for the main project, means to fulfil the objectives 
Offering roadmap Current state of the company's offering, offering to be offered in the future
Product development processes to be developed New product development processes to be developed
Product unit development kick-off A decision of developing a product unit for a certain customer

Sub project objectives
Objectives for the sub projects, such as Design Entity development or Module 
System development

Technological solutions to be reused Technological solutions to be reused in the future deliveries
Selected Module System development tactic Module System development tactic selected: CTO or ETO

Deliverable Description

Adapted customer journey
Artefact's main functionality and value creating mechanism to the customer is 
identified

Capabilities understood by the customer in the sales process
What capabilities are understood by the customer (regarding to the product), to 
be discussed in the product sales process

Business impacts of the modularisation
Business impacts of modularisation on the product to be development over the 
product's life cycle

Current sales process nature and type Company's current way of selling product to the customers
Current operational capability Technologies and innovations currently in use in the company
Current suppliers Company's current device/assembly/ component suppliers

Current process structuring
Current processes for product design, manufacturing, delivery, use, recycle and 
disposal

Current dominant designs Dominant designs in company's current offering
Current ICT architecture Information systems the company is currently using

Organisational structuring: company's networks and resources
Company's networks and resources, roles & responsibilities, reporting, aligned 
operative interfaces

Perception of artefact transformation and processes How the company workers see the artefacts transformation & processes
Structure and technologies of current products Structure of current products, technologies used in current products
Sales process nature and type: customer expectations How the customer expect the sales process to be like
Selected products for the project Selected products for the hybrid product development project

Solution Reasoning Pattern
Design Reasoning Pattern for the whole product: how the product is concepted 
and dimensioned to fit the customer requirements

Strategy Structuring: company's main strategies Company's main strategies such as value chain tactics or business models
Value chain structuring Elements creating value during the product's life cycle
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 Deliverables related to the Generic Hybrid Product division development 
 

 

 

 Deliverables related to Design Entity development 
 

 

Deliverable Description

Design Entities to be developed
Design Entities that covers the whole product: not only mechanical or physical 
but also software, automation and security, for example

Design Entity Division The whole product divided into Design Entities
Design Entity Division interface types Types of interfaces between Design Entities
Design Entity Division Interfaces Design Entity Division interfaces: interfaces between Design Entities
Design Entity Division logic Reasoning for the Design Entity division: why it is divided as it is
Documented Design Entity Division interfaces The most important Design Entity interfaces documented
ETO sections of the Generic Hybrid Product identified Possible ETO parts of the product identified
Relevant Design Entity sub system/element interfaces identifiedThe most important interfaces identified between Design Entities

Relevant Design Entity sub systems/elements identified Relevant Design Entity sub systems/elements identified from the current products

Generic Hybrid Product architecture
An architecture covering the whole product: Design Entities and interfaces 
between the Design Entities

Variability needs for the Generic Hybrid Product Variability needs that influences the Design Entity

Generic Hybrid Product configuration knowledge
Configuration knowledge for the whole generic hybrid product: configuration 
rules for different hybrid product architectures, Design Entity arrangements and 
Module Systems

Deliverable Description
Design Entity architecture Architecture of a Design Entity: Module Systems and interfaces

Design Entity arrangements
A set of different physical arrangements of a Design Entity to fit different 
customer needs

Design Entity configuration knowledge
Configuration knowledge of which Module System configurations are viable and 
in which Design Entity arrangements

Design Entity contents Assets that are included in the design entity: Module Systems and ETO sections
Design Entity flow model Describes the sequence of how the Design Entity was developed

Design Entity ETO sections
Sections of the Design Entity that is delivered as ETO, requiring engineering in 
sales-order-delivery process

Design Entity layout Physical arrangement of Module Systems and other entities in the Design Entity

Design Entity Module Systems Identified Module Systems in a Design Entity
Design Entity object space reservations Space reservations that are included in a Design Entity
Design Entity object stop zones Stop zones that are included in a Design Entity
Design Entity partitioning Partitioning of a Design Entity in certain Module Systems and ETO sections

Design Entity partitioning logic
Reasoning for dividing Design Entity into certain Module Systems and ETO 
sections

Design Entity structuring principles
Principles that guides the designing of Design Entity's structuring: from the 
company's objectives and constraints

Design entity type A interfaces (DE boundaries) Interfaces on the boundaries of Design Entities
Design Entity type B interfaces (DE interior) Interfaces inside a Design Entity among Module Systems
Detailed Design Entity interface documentation Detailed documentation of the Module System interfaces

Variability needs for a Design Entity
Variability needs that influences Module Systems and ETO areas inside Design 
Entity
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 Deliverables related to Module System development 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deliverable Description

Chosen Module System structuring tactic
A structuring tactic selected as a basis for Generic Element and Generic Module 
partition

Detailed Module System interface documentation Detailed documentation of the Module System interfaces

Chosen Generic Module variation types
Generic module variation types chosen: e.g. standard always included, standard 
optional, Modular ETO

Variability need  choices connected to Generic Modules
Variability need choices connected to Generic Modules: reasoning why certain 
Generic Modules exist in a Module System

Module System blueprint
A documentation of Module System's partitioning, partitioning logic & Generic 
Module variation types

Module System configuration knowledge Configuration knowledge & rules for the entire Module System
Module System flow model A design sequence of how the Module System was developed
Module System ETO sections Parts of the Module System that are delivered as ETO

Module System architecture: Generic Modules & interfaces
Interfaces between Generic elements, Generic Modules (ETO parts of the Module 
System included)

Identified Module System object space reservations Space reservations in a Module System
Identified Module System Object stop zones Object stop zones in a Module System

Module System type A interfaces (Module System boundaries)
Module System interfaces that are connected to the surrounding of a Module 
System

Module system type B interfaces (Module System interior) Interfaces inside a Module System among Generic Elements and Generic Modules

Module systems partitioning logic
Reasoning for the Module System partitioning: why a Module System is divided 
into those Generic Elements and Generic Modules as it is

Partitioning of the module system in Generic Elements Module System partitioned into Generic Elements
Partitioning of the module system in Generic Modules Module System partitioned into Generic Modules
Preliminary Module System architecture: Generic Elements & 
interfaces

Generic Elements & interfaces in a Module System architecture

Identified Module System structuring principles Structuring principles influencing the development of Module Systems
Identified Module system variability needs Factors setting requirements for variability of a Module System
Chosen Module system variability need options Options for different variability needs

Structuring principles connected to Generic Elements
Reasoning of how and why certain structuring principles influences on the 
partitioning of the Module System in Generic Elements

Structuring principles connected to Generic Modules
Reasoning of how and why certain structuring principles influences on the 
partitioning of the Module System in Generic Modules

Variability needs encapsulated within Generic Elements
Variability needs connected to Generic Elements: ideally, one variability need and 
choices are satisfied within one Generic Element


