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presentation: 75 persons – 5 nationalities
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NEM Network –
Meetings/Webinars

NEM Experience -
Workstreams

NEM Learning 
Programs

NEM Services
NEM Workshops 
++

NEM Projects

~54 Companies (Members & Partners)

~418 NEM active individuals



NEM Partnerships

Universities (8)
Consultancy Companies (9)

NEM has established partnerships with universities, industry associations, and consultancy 

companies, each with their own unique approaches to and experience with modularization.

Through these partnerships, our network gains knowledge and new perspectives, which benefit 

our members on their respective modularization journeys.

Partner-

ships
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Day 2
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NEM Agenda – Day 2 
13.30-16.00

13.30-14.00 Group session – ”Give/Take” All

14.00-14.30 NEM workstream ”status/dialogue” Peter

14.30-15.00 NEM project AIMO Carsten

15.00-15.15 New Partner presentation Sandra Odego

15.15-15.30 New Partner presentation Lars Configit

15.30-15.45 NEM-JU project: CfM Dan & Christian

15.45-16.00 NEM CEMO & news Christian
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16.00-16.30 Wrap-up ALL



NEM Network –
Meetings/Webinars

NEM Experience -
Workstreams

NEM Learning 
Programs

NEM Services
NEM Workshops 
++

NEM Projects

• MODULARIZATION

• GET INSPIRED, GET NEW IDEA’s, SHARE EXPERIENCE

• MEET OLD FRIENDS, GET NEW FRIENDS

• HAVE FUN TOGETHER

• ACCELERATE……
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NEM Webinars
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Frauenhofer

Modular Manufacturing

June

Modular Management

Complexity Cost

June

ICV - NEM

Finance-Modularization

October



Process and 

Tools

Cost of 

Complexity

Architecture 

Governance

WS 5

WS 6

WS 7

Modular & 

Circular

SW & 

Connectivity

Modular 

Manufacturing

WS 1

WS 3

Modular PLM 
(Digital Thread)

WS 10

NEM Workstreams
Industry drive on modularization topics

Execution

model

Requirements

Engineering 

Modular Products

WS 9
WS 2

Finished 2023 & 2024 New WS Process running 2024 & 2025

participation



NEM CERT Program – unique and global
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Framework for NEM Assessment
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Product, Design

5. Module dev. 

projects
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3.PF, LV and tools
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Manufacturing/
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4.Module Testing
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1.Pre assembly

0.not used
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5. External Mod 
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3.Modular Program

2.Cross Functional

Mod. teams 
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0.indv
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1 3 4 5 62



NEM Con Project - Overview
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WS 1

WS 2

WS 3

WS 4

WS 5

WS 6

WS 7

WS 8

WS 9

WS 11

NEM Top-Down Approach - CUBE

NEM Bottom-up Approach - IMF

To-Be

(new Modular 

concept/strategy)

As-Is

(reference)

NEM has succesfully supported NEM member Companies in accelerating on a Modular Strategy. 

NEM approach to use the NEM network of Companies, Partners and Universities etc to compose a NEM specific team to support the Company team in 

approx 6 months time with normally 10-11 workshops. This offer is unique and only possible to take advantage of as a NEM member. Each Con project will

be developed to accelerate Company strategy and the connected benefits of modularization.

Company specifc Modular activities like 

projects, programs etc….

End to end valuechain approach to quantify the overall potential and a proposed

road-map for execution,..

Analysis and datamining of existing productportfolio to quantify potential savings

linked to complexity reduction, cost of complexity and portfolio optimization,..

WS 10



NEM Project oveview 
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1. CfM projektet 

2021-2024

2. AIMO projektet

2023-2026

3. CEMO projektet

2025-2027

2025202320212019



NEM BAM - VOLVO  
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NEM Agenda – Day 2 
13.00-16.00

13.00-13.30 Group session – ”Give/Take” All

13.30-14.00 NEM project AIMO Carsten

14.00-14.15 New Partner presentation Sandra Odego

Fika

14.30-14.45 Partner presentation Ola & Massimo Chalmers

14.45-15.15 NEM workstream ”status/dialogue” Peter

15.15-15.45 NEM-JU project: CfM Dan & Christian

15.45-16.00 NEM CEMO & news Christian
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16.00-16.15 Wrap-up ALL
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WWW - updates
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Good Progress – Profiles on our on LinkedIn sites
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LinkedIn profiles on NEM and NEM CfM

Both Groups LinkedIn Group

600

233

➢ 833 

Community

➢ Oct 2025



Frequent activity on LinkedIn.
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Trucks, 68%

Construction Equipment, 17%

Buses, 5%

Volvo Penta, 4%

Financial Services, 5%

Group Functions incl. eliminations 
1%

2020 2021 2022 2023 2024

Vehicles, 75%

Services, 25%



2020 2021 2022 2023 2024
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•

•

•



Sweden: ~ 5 670

Lyon: ~ 1 320

US: ~ 1 370

Bangalore: ~ 2 000

Curitiba: ~ 600
Brisbane: ~ 50









Volvo VNL Volvo VNR Volvo VNX

Volvo VHD Volvo VAH

https://www.volvotrucks.us/trucks/all-new-vnl/
https://www.volvotrucks.us/trucks/all-new-vnl/
https://www.volvotrucks.us/trucks/vnr/
https://www.volvotrucks.us/trucks/vnr/
https://www.volvotrucks.us/trucks/vnx/
https://www.volvotrucks.us/trucks/vnx/
https://www.volvotrucks.us/trucks/vhd/
https://www.volvotrucks.us/trucks/vhd/
https://www.volvotrucks.us/trucks/vah/
https://www.volvotrucks.us/trucks/vah/
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Give and take results

Take
• Long term program – don‘t expect to have things done within 4-5 years
• Common framework is key, common reference
• Tailored system is impressive
• Repeated training is key
• Top down and bottom up approach both important for buy in
• Horizontal line – cross functional – important to serve the customer
• Architecture organisation – long term platform development
• Very clear definition of interfaces
• Spend time to engage in CAST and exchanged knowledge
• CAST is in the anual report - indicates commitment on management level
• PLM system integration
• Organization level is balanced
• Competition enables and motivates new developments
• Production: quiet and without stress,  special solution organization, fishbone, advantage

of same size product, solve problems in the modular area, production line used for many
years

• Variation management close to customer



Give and take results

Give
• Community can help in further organization
• Check if complexity reduction is an option
• Learn something from software modularization in the network
• PLM to be consolidated taking in modular level
• Balancing short term gains vs long term strategies - further input needed
• Brand distinction – input needed
• Commercial variance needed for customer needed – outsource software
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Classified as Business

Workstream 7 – Cost of Complexity



Classified as Business

Table of content

Executive summary 

Introduction and Workstream objectives

Process flow

▪ Motivation (Top management support important)

▪ Scope and objectives

▪ Initial value chain mapping 

▪ Data collection & validation 

▪ Select focus areas

▪ Identify & Analyze potential 

▪ Build & Validate scenarios 

▪ Connection to introduction of modular structures

Conclusion

Appendix 



Classified as Business

Executive Summary

In a complex organization and in complex end to end processes the practice shows that a „one model fits all“ 
approach for cost of complexity is not possible as the complexity may differ significantly from the product or service 
category one considers.

One approach to understand the cost of complexity is to first understand the value chain end-to-end in the process of 
a company to generate value for customers and consumers. 

In each of the value chain steps one defines the cost drivers and their exposure and sensitivity to complexity or the 
changes in the complexity, first on a rather high level.

This allows to focus on the most important process steps and cost positions. Further detailed evaluations will then 
lead to cost of complexity with an accuracy and granularity precise enough to take decisions or calculate the cost 
reductions and impacts for all cases like if complexity is reduced, both directly tangible or intangible, if one wants to 
select between alternative modular product structures, the effect of new modular structures compared to current 
integrated structures, impact of variant generation and what the cost of complexity are per product or part. 

This is shown in several practical examples. 

A summary of potentials by introduction of modular product structures considering the complete value chain is 
shown. The potential is estimated to be minimum 2% of cost of goods sold, compared to an integrated non modular 
product structure.



Classified as Business

Table of content

Executive summary 

Introduction and Workstream objectives

Process flow

▪ Motivation (Top management support important)

▪ Scope and objectives

▪ Initial value chain mapping 

▪ Data collection & validation 

▪ Select focus areas

▪ Identify & Analyze potential 

▪ Build & Validate scenarios 

▪ Connection to introduction of modular structures

Conclusion

Appendix 



Classified as Business

Introduction
What is the cost of complexity that comes with added variance? This was the question we asked ourself and a question which 
permanently appears when companies deal with complex organizations and complex product structures. This is also the question 
when companies go from integrated product structures to modular product structures: Beside the direct effects e.g. in direct material 
and direct labour, are there potentials in cost and revenue due to streamlined and simplified processes ? How can this effect in 
reduced complexity be calculated and used in business cases ? Is there a generic “one model fits all” or is it necessary to go case by 
case ?

As inspiration we took outset in article from TUHH ‘Impact of Modularity Decisions on a Firm’s Economic Objectives’ to map the life 
phase affects that have the biggest impact on complexity cost. We took also a look into the publication of Ripperda, Krause et. al. 
“Cost Effects of Modular Product Structure Concepts“ which looks into a similar question and compared to the result of our
investigations of various concepts and used cases in NEM member companies and the cases in our workstream. 

In the following outline of our work you will find a lot of answers to the questions above. We will guide you through the important
step of value stream mapping which sets the base for the calculation of complexity cost. The value stream mapping is a good exercise 
to assess the areas where complexity creates over-proportional cost and should be avoided. We also believe that you will be able use 
the value stream mapping to create a usable model if financial data is available in the right configuration and quality.  Based on this 
mapping you will see how to identify the major complexity drivers, the processes which are impacted by complexity most and which
steps you take in order to calculate the financial impacts of complexity changes  You will find examples for various applications of 
those principles. As a result, we believe that we are able to deliver to you a very good guideline to approach your individual situation 
and application field and how to gain the knowledge to do the right decisions regarding variant generation and product structures.

However, you will also see through the various examples that it became clear that a generic model to calculate the cost complexity as 
a “one formula fits all” will be close to impossible to build as it is very dependent on the business model and the product. As an 
example, the model would look very much different in a Make to Stock (MTS) setup than in an Engineered To Order (ETO) setup. 
Based on this learning we started to map the value stream per product line where the boundary conditions were constant (e.g. MTS, 
high volume, same significant life phase effects etc).

Finally, we can tell a rough range of cost savings which you can expect when working on complexity reduction or introducing modular 
structures, based on used cases. The exact value will depend on the individual situation, business you are in, product segment, 
product line, processes and how far you have already come in the way to modularization



83

Complexity cost play an important role in the P&L of variant 
generation

Source: Ripperda S., Krause , D.: „Cost Effects of Modular Product Structure Concepts“, Proceedings of the 20th International Conference on Industrial Design, Mailand, 2015
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Complexity Cost appear as part of the continuous
increases in variable cost (material and labour) due 
to the increases in internal variants ……

….. and as step changes in the structural cost (R&D, 
production, procurement, logistics, sales, 
marketing) to manage the increased number of 
variants in products and parts  

The complexity impacts
external variance and 
internal variance

External variance is
defined by the products
with its different features
and functions, delivered
to the market

Internal variance is
defined by the number of
parts or modules in the
product generation and 
connected processes

The vertical axes shows schematically the revenue
increase which is created by the increase of product
variants (external variances) due to a better offer to the
market (with a certain leveling if the number of variants is
too big, grey curve)

You find in the same graph the cost development with
the increase of internal variances (black curve), by the
increase of parts, production structure and and more
complex processes in the value chain connected with the
increase in external variances. 
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Business cases and profitability of variant generation needs to
consider complexity cost additional to product cost

Product Cost improvements
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1

New modular structure or
take out of internal variants
with improvements of
products cost and reduction of
complexity

1

2
2

New product structure
increases product cost but 
leads to higher improvement
of complexity cost

3
3 New product structure

increases product cost more
than gains in complexity
reduction

4
4 New variant reduces product

cost but increases complexity
to a much higher extend

Profit

Loss

13 42

Additional consideration of
complexity cost

Source: Krause D., Rennpferdt C, Wehrend S.: „Decision Making and Impact Model for Modularization“, NEM Conference April 2023, Hamburg
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Isaksson, Panarotto, NEM conference October 8 2025

Modelling flexibility and value of 
modular architectures
Ola Isaksson – Professor in Systems Engineering and Engineering Design
Division of Production Development, Industrial and Materials Science 
Research Group Lead, Co-Director of Area of Advance Production

Chalmers University of Technology, Gothenburg, Sweden 
Ola.isaksson@chalmers.se

Massimo Panarotto – Associate professor in Mechanical Engineering
Politechnico di Milano, Italy. And *guest researcher at Chalmers 

Massimo.panarotto@polimi.it

Modelling flexibility and value of modular architectures

mailto:Ola.isaksson@chalmers.se
mailto:Massimo.panarotto@polimi.it
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Take a Systems Approach to Engineering Design

Systems Design Methodology

Systems Engineering Design 
Methods and tools

https://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/

http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/
http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/
http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/
http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/
http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/
http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/
http://www.chalmers.se/en/departments/ims/research/product-development/systems-engineering-design/


Outline

Methods to design and analyse modular architectures Examples

Message What is next
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Methods to design and analyse modular architectures 

Examples

Message 

What is next

2025-10-084



What issues do we need to

address?COMPLEXITY increases

Drive cost, time and quality challenge exponentially vs 
degree of complexity

SPEED is expected to adapt to abrupt changes in 
conditions

New expectations, constraints, market priorities, 
availability of resources and material,
..

PLATFORMS have focused to ensure efficient, 
configurable, products and production systems

Need for increasingly flexible, adaptable, resilient 
platforms

TECHNOLOGY accelerated impact

New – primarily digital – technologies evolve more 
rapidly than physical technologies

MODULARISATION is one of few proven 
strategies to manage complexity

MODULARISATION enable automation, 
(re)allocation, configuration, adaption.
Generative methods allow generation and 
evaluation of many alternatives.

MODULARISATION is an enable to ensure
commonality and configurability of products
and industrial systems

Platforms are multitechnological, and 
modularisation need to support more 
diciplines and aspects – while technology 
cycles are fast and different in nature

2025-10-10
5



Complexity
SINHA, K. & DE WECK, O. L. 2016. Empirical Validation of Structural Complexity Metric and 

Complexity Management for Engineering Systems. Systems Engineering, 19, 193-206.

2025-10-10

Complexity of Products
Affect Development Cost
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Complexity

Complexity => Exponential 

Cost Increase to develop 

and realise

Cost



Functionally defined architectures

Separating

▪ WHAT the product does (FUNCTION) from

▪ HOW it solves the function (MEANS; or SOLUTIONS)

Note: Enables representation of multi-technological modular 
architecture

2025-10-087



20252-01205--1100-08
Isaksson, Panarotto, NEM conference October 8 2025

A function can be met by alternative 
solutions (~concepts)

8

Chalmers

FUNCTION

ALTERNATIVE 

SOLUTION A
ALTERNATIVE 

SOLUTION B

Is solved by
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A modelling approach

FR: Control direction of vehicle

Autonomous

FR

DS A

Electro Mechanical

DS B

Mechanical

DS C
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Alternative architectures can be
represented

Capture how sub-solutions interact

CONCEPT A CONCEPT B

FR

DS

FR1:

2

FR1:

1

FR1:

3

DS DSDS DSDSDS DS

DS

FR1:

2

FR1:

1

FR1:

3

DS DSDS DSDSDS DS

FR1:

4

DS
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Dependencies can be captured
in matrices (e.g. DSM’s)
DSM –Design Structure Matrix

CONCEPT A CONCEPT B

FR

DS

FR1: 

2

FR1: 

1

FR1: 

3

DS DSDS DSDSDS DS

DS

FR1: 

2

FR1: 

1

FR1: 

3

DS DSDS DSDSDS DS

FR1: 

4

DS

Modelling dependencies allow the use of matrix based analysis methods (e.g. DSM)
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Scope

• 50 modularized systems

• 1300 Modules

• 3500 Components

Proven benefits

• Understanding of requirement connection 

to modules
• Cost saving

• Assessing cost of customer requirement

Example – Functionally defined 
Modular Architecture @ Volvo
GTT
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FUNCTIONAL 

ARCHITECTURE

MANUFACTURING 

ARCHITECTURE
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A DSM ”Fingerprint” of 

the connected system

Example from GKN Aerospace

14

FUNCTIONAL 

ARCHITECTURE

MANUFACTURING 

ARCHITECTURE
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BUSINESS 

ARCHITECTURE

FUNCTIONAL 

ARCHITECTURE

MANUFACTURING 

ARCHITECTURE
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TRINITY – Open Access Modelling tool

16
https://trinity.martinsson-bonde.com/



Methods to design and analyse modular architectures 

Examples

Message 

What is next

2025-10-0817
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1. FLEXIBILITY OF A PLATFORM?

Windshield

Cross Car 
Beam Braking 

system

Pedal 
Column 
Frame

Dashboard

Heads-Up 
Display 
(HUD)

Inigo Alonzo 
Fernandez

A classic situation where market 
driven technology changes is 
proposed, that may challenge 
the existing limitations of a 
platform

How to evaluate?

VISP - Value and flexibility Impact analysis for Sustainable 
Production, VINNOVA FFI 2018-02692
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GENERATE THE DATA NECESSARY TO
EVALUATE
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Results: Flexibility

assessment

Platform A has very 
few design 

alternatives, due to 
over-constrains

Platform B has many alternative designs, 
but overall valuable flexibility is smaller. 
Under constraining leads to a waste of 

the reserved space.

Platform C has a 
balanced 

delimitation of the 
constraints, high 
flexibility with 

freedom for 
defining many 

alternative designs.

Platform A Platform B Platform C
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2. Example – risk analysis

• a novel method for modeling 
technical risk propagation due to new 
technology infusion in platforms, 
specifically aimed at mitigating 
higher-order field effects from the 
early stages of the design process

21

Alonso Fernández, I., Panarotto, M., & Isaksson, O. (2024). Modeling Technical Risk Propagation Using Field-Effects in 
Automotive Technology Infusion Design Studies. Journal of Mechanical Design, 146(12).



Model the architectural alternatives

22002255--1100--0180

• Using the methods presented, alternative architectures

• Conventional steering vs

• Steer-by-wire steering

were modelled, after identifed critical interfaces and 
dependencies

22
Alonso Fernández, I., Panarotto, M., & Isaksson, O. (2024). Modeling technical risk propagation using field-effects in automotive
technology infusion design studies. Journal of Mechanical Design, 146(12), 121702.
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Results

By identifying regions vulnerable to these effects, we
enable localized mitigation strategies, avoiding 
overdesign.

23
Alonso Fernández, I., Panarotto, M., & Isaksson, O. (2024). Modeling technical risk propagation using field-effects in automotive
technology infusion design studies. Journal of Mechanical Design, 146(12), 121702.



Brahma, A., Panarotto, M., Kipouros, T., Isaksson, O., 

Andersson, P., & Clarkson, P. J. (2023). Function driven 

assessment of manufacturing risks in concept generation 

stages. Proceedings of the Design Society, 3, 1995-20042.025-10-10
Isaksson, Panarotto, NEM conference October 8 2025

Analysis of alternatives

Quantified Risk Analysis of all 
possible combination enabled

(Using Change Propagation Analysis)

24
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Risk evaluation of alternative architectures

25

Brahma, A., Panarotto, M., Kipouros, T., Isaksson, O., Andersson, P., & Clarkson, P. J. (2023). Function 

driven assessment of manufacturing risks in concept generation stages. Proceedings of the Design 

Society, 3, 1995-2004.
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3. Value of alternative
multi- technological
architectures

• How integrated shoud a 
multitechnological architecture be?

• Value assessment require 
alternatives to be compared to 
market scenarios.

26
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Model altternative 
modular integration 
architectures

• Model alternative architectures

• Explored performance of 
alternative degrees of integrated 
architectures

27
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Value of alternative 
platforms

Panarotto, M., Borgue, O., & Isaksson, O. (2020). Modelling Flexibility and Qualification Ability to Assess Electric Propulsion 
Architectures for Satellite Megaconstellations. Aerospace, 7(12), 176. https://doi.org/10.3390/aerospace7120176
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•

NPV Analysis

No Uncertainty:

Single development →

higher NPV

• With Uncertainty:

Flexible options→ higher 

NPV

No uncertainty →

Single dev higher NPV

With uncertainty →

Flex options higher 

NPV
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4. Measure complexity
and similarity???

Can complexity be systematically determined?

29

Product 1 Product 2



2025-10-10

Comparing risk and effort to develop 
functionally integrated products?

Product 1 Product 2



How can we measure Complexity of Integrated
Products?

C = C1 +

C2C3

Components 

(C1)

Interactions 

(C2)

C = C1 + C2C3
SINHA, K. & DE WECK, O. L. 2016. Empirical Validation of Structural Complexity Metric and Complexity Management for Engineering 

Systems. Systems Engineering, 19, 193-206.
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Architecture Metrics and

Fingerprints
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RAJA, V., JOHANNESSON, H. & ISAKSSON, O. 2018. Describing and evaluating functionally integrated and manufacturing 

restricted product architectures. Research in Engineering Design, 29, 367-391.

Raja, Visakha., Kokkolaras, Michael., Isaksson, Ola. 2018. “A Simulation-assisted Complexity Metric for 

Integrated Architecture Aero-engine Structures Design”.



Methods to design and analyse modular architectures 

Examples

Message 

What is next

2025-10-0833



Message

> Formal METHOD to describe modules enable modular engineering

• Enables mixed technology/disciplinary products (software, electric, physical, etc)

> Methods developed to ensure repeatable, robust evaluation of modular architectures 

Examples shown

• RISK

• FLEXIBILITY

• VALUE TRADE OFF

• COMPLEXITY

• …

Possible to evaluate risk of alternative architectures 

A metric is available for use

Foster communication between programs and engineering 

Can be quantified and included in modelling

More underway…

➢Implementation in modelling tools enable scaleability and impact 

Example: TRINITY for Function-Means Modelling

22002255--1100--018034



Methods to design and analyse modular architectures 

Examples

Message 

What is next
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Research

• New Project started together with VOLVO on how to enable combined software and 
hardware architecture and definition in ”Design for Data as a Product (DDaaP)” VINNOVA 
FFI

• Preparing National Wide research to enable DATA DRIVEN DESIGN using 
advancements in digital infrastructure

• Exploring novel approaches to manage margins, field effects etc for modularity

• European research and education initiatives via ERASMUS open.

• Open for collaboration – do contact Ola.Isaksson@chalmers.se and 
Massimo.Panarotto@polimi.it.
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PLEASE JOIN US IN MILAN!

• Conference Theme: “Threads of 
collaboration: Interlacing Minds 
and Machines”

• The conference will take place one 
week after the Milano Fashion Week

• Venue: Bovisa Campus, 
Politecnico di Milano

• Co-organized with the 
involvement of ABB

• Endorsement by the Design 
Society under approval
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Education
• Preparing next summershool in Product Architecture 

Design

• 2022 in VOLVO (CHALMERS/VOLVO)

• 2024 in HAMBURG (TUHH)

• 2026 in COPENHAGEN (DTU) (Late June 2026)

• https://www.tuhh.de/pkt/aus-
weiterbildung/wissenschaftliche-
veranstaltungen/pad-summer-school
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Conferences

The 28th International DSM
Conference 

Milan, Italy,

September 29-October 1, 2026

• Venues to meet, present, educate, discuss

• Upcoming 2026 (with a clear content on MODULAR 
strategies, tools and methods)

• The NORDDESIGN conference, 12.-14.8.2026, 
Tampere, Finland

• The International DSM Conference, Milan Italy 
October 2026

• ICED 2027 in HAMBURG – Aug 2027

39



The 28th International DSM

Conference 

Milan, Italy,

September 29-October 1, 2026
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PLEASE JOIN US IN MILAN!

• Conference Theme: “Threads of 
collaboration: Interlacing Minds 
and Machines”

• The conference will take place one 
week after the Milano Fashion Week

• Venue: Bovisa Campus, 
Politecnico di Milano

• Co-organized with the 
involvement of ABB

• Endorsement by the Design 
Society under approval
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Some references used
• Suh, N. P. (1990). The principles of design.

• Johannesson, H., Claesson, A., 2005. Systematic product platform design: a combined function-means and parametric modeling approach. J. Eng. 
Des. 16 (1), 25–43

• Brahma, A., Ferguson, S., Eckert, C., & Isaksson, O. (2023). Margins in design–review of related concepts and methods. Journal of Engineering 
Design, 1-34.

• Panarotto, M., Isaksson, O., & Vial, V. (2023). Cost-efficient digital twins for design space exploration: A modular platform approach. Computers in 
industry, 145, 103813.

• Raja, V., Johannesson, H., Isaksson, O., 2018. Describing and evaluating functionally integrated and manufacturing restricted product architectures. 
Res. Eng. Des. 29 (3), 367–391.

• Otto, K., Hölttä-Otto, K., Simpson, T. W., Krause, D., Ripperda, S., & Ki Moon, S. (2016). Global views on modular design research: linking alternative 
methods to support modular product family concept development. Journal of Mechanical Design, 138(7), 071101

• Ulrich, K. (1995). The role of product architecture in the manufacturing firm. Research policy, 24(3), 419-440.

• Isaksson, O., Wynn, D. C., & Eckert, C. (2023). Design perspectives, theories, and processes for engineering systems design. In Handbook of 
engineering systems design (pp. 1-47). Cham: Springer International Publishing..

• Isaksson, O; Lindroth, P; Eckert, CM; ,OPTIMISATION OF PRODUCTS VERSUS OPTIMISATION OF PRODUCT PLATFORMS: AN ENGINEERING
CHANGE MARGIN PERSPECTIVE,DS 77: Proceedings of the DESIGN 2014 13th International Design Conference,,,,2014,

• Bonde, J. M., Breimann, R., Malmqvist, J., Kirchner, E., & Isaksson, O. (2024). The impact of specialized software on concept 
generation. Proceedings of the Design Society, 4, 663-672.

• Alonso Fernández, I., Panarotto, M., and Isaksson, O. (June 7, 2024). "Modeling Technical Risk Propagation Using Field-Effects in Automotive 
Technology Infusion Design Studies." ASME. J. Mech. Des. December 2024; 146(12): 121702. https://doi.org/10.1115/1.4065611
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Agenda

• Why Financial systems cannot do modularization!

• Results

• How can AIMO assist modularization



Why do we still strugle to quantify the 
potential of modularization

Because our financial systems cannot share cost objects !!!

Definition

“Indirect costs are costs that are not directly accountable to a cost
object”

Terma
+35.000 parts

+10.000.000 relations



What can we ask then ?

How much have the product earned ?



What can we ask then ?

But not how much have the company 
earned on the product ?



3 Years
Hundreds of interviews 
And many different 
methods tested



The solution

AIMO
AI model

What have changed

What did it cost

Real time 
Situational 
awarenes

Uncover 
Hidden/ 

complexity 
cost



Results – Is it important ?



6 Years ago Terma made a new variant of a 
Antenna

Existing product 
HG antenna

New product
Compact antenna



How much did we save

Return on Investment 52%

Compact HG

Total direct cost 31.863.180,48 kr. 45.080.000,00 kr.

Product Developement 4.119.062,03 kr.

Savings 9.097.757,49 kr.



With AIMO uncovering the hidden cost

Return on Investment -92%

Compact HG

Unit cost 31.863.180,48 kr. 45.080.000,00 kr.

Product Developement 4.119.062,03 kr. - kr.

Procurement 1.662.043,00 kr. 516.685,00 kr.

Shipping 602.246,00 kr. 187.223,00 kr.

Wharehouse 1.173.206,00 kr. 364.718,00 kr.

Planning 1.766.319,00 kr. 540.077,00 kr.

Sustainment 1.029.600,00 kr. - kr.

Quality 18.287,00 kr. - kr.

Production engineering 94.424,00 kr. - kr.

Sourcing 61.640,00 kr. - kr.

Direct cost savings increased sales HG - 7.937.644,82 kr.

Total 42.390.007,51 kr. 38.751.058,18 kr.

Savings - 3.638.949,33 kr.



What can we learn from an existing modular 
platform making the new
• Build partly by consultants

• Modules are ungoverned

• Modules can only be shared within a size (10 sizes)

• Philosophy all sizes must have all modules



Only 9% of modules have been profitable
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We carry to much complexity
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Is 10x



Simulation of two architectures for new radar 
product architecture in Terma

Total yearly difference AIMO Total yearly difference Direct Cost

Two different architectures

Modular arhcitecture – 48%

Modular 
Architecture

Redesign with 
existing 
Architecture

Modular architecture + 18%



What can the AIMO do

AIMO can quantify Hidden / complexity / indirect cost

This can show the ”hidden” potential of modular products

• Modularization has much more potential than current systems 
can quantify

Assist governance of modular platforms

• Current systems is biased towards creating new variants because 
the hidden cost are ”free”



Prototype Tool
Decision Support for variation decisions
Make full cost and life cycle estimates on

• Replacing variants and or

• Introducing variant and or

• Removing variants

This can be done in seconds

And can be implemented to all affecting variation



Prototype Tool 
Situational awareness
In sales direct cost can vary up to 10-15 % from the average 
depending on pipeline, stock levels etc.

Affecting salesman behaviour to most profitable solution

We can also make sure procurement and planning gets 
noticed to capture the gains



Combining cost with CAD recognition to bring in 
the physical constraints and suggest alternativs



Next steps for AIMO

• Establish coorperations with companies

• Get funding and launch first commercial offerings

• Build and scale AIMO offerings to other companies
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2 | Über Odego

-15
Weeks delivery time

-60%
Construction h

-15%
Material cost

+2 Mio
Sales

-70%
Article codes

We empower teams

to plan, develop, and 

execute complex 

products with data-

driven precision.

Hands-on 

consulting

Technical 

Support

Software 

Cquenz

Jungheinrich | Scheuch | Baader | Amazone | FFG Umwelttechnik | Syntegon | Reintjes | KHS | 

Eppendorf | WAS Ambulanzfahrzeuge | SMB | Achenbach | Viega | Reinhardt-Technik | Siemens | 

Jenoptik | thyssenkrupp Marine Systems …

Since 2014 

in Hamburg

NEM

For internal use



3 | About me

About me

Dr. Sandra Szech

 PhD

PKT Institute for product development and 

mechanical engineering design at TUHH

 Mechanical engineer

TU Berlin and KTH

 CEO and founder

Odego GmbH since 2014 in Hamburg

NEM

For internal use



4 | About Odego

Product management
Analyzing & customizing highly 

variant portfolios

Product development
Developing product concepts, 

architectures and modular systems

Product maintenance
Establishing processes and 

structures for long-term 

successful products

Cquenz
Planning, designing and evaluating

products with our software solution

Cquenz

Data empowerment
Establishing structures for

continuous data analysis in 

complexity, portfolio & product 

management as well as development

Our services

GenAI
Generating competitive advantages

with genAI

NEM

For internal use



5 | Our services

Product management
Analyzing & customizing highly 

variant portfolios

Product development
Developing product concepts, 

architectures and modular systems

Product maintenance
Establishing processes and 

structures for long-term 

successful products

Cquenz
Planning, designing and evaluating

products with our software solution

Cquenz

Data empowerment
Establishing structures for

continuous data analysis in 

complexity, portfolio & product 

management as well as development

Our services

GenAI
Generating competitive advantages

with genAI

NEM

For internal use



6 | Modularization approach

Data-based development in

product management and engineering

Analyzing 

portfolios

Developing 

modular systems

Simulating costs, lot size, 

rollout, CO2

NEM

For internal use



7 | Modularization approach

Data-based development in

product management and engineering

Analyzing 

portfolios

Developing 

modular systems

Simulating costs, lot size, 

rollout, CO2

NEM

For internal use



8 | Modularization approach

Data acquistion

We collect data on base of each single order:

▪ Product specification: features, options, sizes …

▪ Customer data: branch, region…

▪ Commercial data: prizes, cost, delivery time, working hours….

▪ Requests: Proposals, request for proposal…

NEM

For internal use



▪ Understanding the market

▪ Identify the strengths and 

weaknesses of your own 

portfolio

▪ Derive measures for a future 

modular system

Market

segmentation grid

9 | Modularization approach

Ø Reuse

low high

Revenue Revenue potential

NEM

For internal use



▪ Understanding the market

▪ Identify the strengths and 

weaknesses of your own 

portfolio

▪ Derive measures for a future 

modular system

Market

segmentation grid

10 | Modularization approach

Ø Reuse

low high

Platform focus 1

High-end devices

Platform focus 2

Entry-level models

NEM

For internal use

Revenue Revenue potential



11 | Modularization approach

Data-based development in

product management and engineering

Analyzing 

portfolios

Developing 

modular systems

Simulating costs, lot size, 

rollout, CO2

NEM

For internal use



12 | Modularization approach

Company

Feature Diagram External

Constraint net

Feature Diagram Internal

Internal
Configuration in 

modular systemExternalRequirements

Customer

Specifications

NEM

For internal use



▪ Creating external requirements 

and internal components

▪ Linking through constraints

▪ Variety oriented product 

structuring

▪ Reduction of component

variants

▪ All planned variants can be 

evaluated in one model

Modeling the

product concept

13 | Modularization approach

NEM

For internal use



▪ Tree of variety

▪ Functional architecture

▪ Interface definition, analysis and 

clustering (DSM)

▪ Complexity cost calculation

▪ Module driver analysis

▪ Modular structuring for different 

processes

▪ Future market scenarios

▪ ROI and roadmap

▪ Stocking and purchasing 

strategy

▪ AI agent

▪ ….

There is much

more in Cquenz

14 | Modularization approach

Description
Brush gear stage 1 drives the

multi-brush

Requirements

NEM

For internal use



15 | Modularization approach

Data-based development in

product management and engineering

Analyzing 

portfolios

Developing 

modular systems

Simulating costs, lot size, 

rollout, CO2

NEM

For internal use



16 | Modularization approach

Lot size prognosis for

- Fetaures

- Components

- Modules

- Variants

Across

- Market segments

- Future scenarios

- Different processes

Modularity effects

NEM

For internal use



17 | Get started

Reduce development risk for modularity 

newcomers and experts

From ETO to CTO
- Establish new modular structures

- Understand, evaluate and 

communicate how it will work 

upfront

- Enable your team with a systematic 

tool-supported approach

Next gen projects
- Create an automated Cquenz model 

based on existing data and 

structures

- Fast quantification of decision impact

- Achieve your project goals with 

confidence

Continuous management
- Support product management and

engineering in continuous portfolio

and variety management

- Portfolio monitoring

- Data-based evaluation of measures

and action

NEM

For internal use
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