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Current Megatrends influencing today’s Markets

Krause and Gebhardt. 2018

globalization

individualization
new ways of 
consumption

climate change and 
environmental issues 

changing working 
conditions

new ways for transport

cultural 
diversity

feminism

knowledge-based 
economy

distributed 
intelligence 

digital life

learning from 
nature

business 
ecosystems

better healthcare

change in world-politics

global security issues

rethinking energy and resources 

convergence of technologies

1

20
20

_S
T

10
_K

ue
ch

en
ho

f.p
df

C
on

gr
es

s2
02

0 
- 

D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A



Jan Küchenhof, M.Sc., Gunnar Niebuhr, M.Sc., Dr. René Schmidt, Dr. Marc Kessler, Prof. Dr.-Ing. Dieter Krause

Modular New Product Development in Highly Dynamic Markets © PKT

Challenges for Companies 

Krause and Gebhardt. 2018

▪ Cyber-Physical-Systems

▪ Internet of things and smart 

services

▪ Increased frequency of innovations

Convergence of technologies

▪ Willful consumption

▪ New middle class

▪ Quality and sustainable 

consumption

New ways of consumption

▪ Change to buyer’s market

▪ Individual consumption

▪ Personalization 

Individualization

▪ Descending transportation costs

▪ Improved communication

▪ Mobility of assets

Globalization

Global competitors

Global 
customers

High cost 
pressure

Individual 
demand

Dynamic 
requirements
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Industry – University – Cooperation

▪ Methodical development of modular product
families

▪ Redesign, modification and new design of 
components to reduce internal variety

▪ Combinable method units providing flexible 
case specific support

▪ Develop and apply methods with industry

PKT

▪ Enter dynamic FMCG market with high 
product variety

▪ Develop NGP with inventive technology

▪ Establish modularity from the „green field“ 
to avoid unnecessary complexity

▪ Extension of the methods to approach new 
market segments, taking into account digital 
eco systems

HVT
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Industry – University – Cooperation

▪ Methodical development of modular product
families

▪ Redesign, modification and new design of 
components to reduce internal variety

▪ Combinable method units providing flexible 
case specific support

▪ Develop and apply methods with industry

PKT

▪ Enter dynamic FMCG market with high 
product variety

▪ Develop NGP with inventive technology

▪ Establish modularity from the „green field“ 
to avoid unnecessary complexity

▪ Extension of the methods to approach new 
market segments, taking into account digital 
eco systems

HVT

Joint project since 
spring 2017
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Methods for
Complexity Reduction

Reduce Variance-induced Complexity

Krause and Gebhardt. 2018

External 
Variety

Internal 
Variety

Design for Variety

Life Phase Modularization

Module drivers
Technical-
functional 
module drivers

Differentia-
ting          
attributes

Separate 
testing

Material 
recycling

Service/ 
Mainte-
nance

Modular 
sourcing

Landfill

Product 
development

Procurement Production Sales Use
Recycling and

disposal
End product
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Initial Design for Variety

Küchenhof and Krause, 2018

Features

Functions

Components

Everyday usage User experience Human-Machine Interaction

E-Pipe

Powerbank

Casino

Steam

Single

Dual

Tank

Value

Variety

Multi

Induction

Contacts

USB

Charging Type

Value

Variety

Yes

No

Power Bank

Value

Variety

Short
1/10 Cart. 

Medium Short
2/10 Cart.

2 Cartridge

Battery Life

Value

Variety

Medium
5/10 Cart.

No

Yes

Nicotine-Kick

Value

Variety

Default

Adjustable
mechanical

Draw-Resistance 
(Airstream)

Value

Variety

LED Ring

LED (single spot)

LED Stripe

LCD/OLED

Visual Display

Value

Variety

Mouth activated

Shift lever

Touch

Control

Value

Variety

Open-Tank-System

Closed-Tank-
System

Open-System

Induction

Yes

No

Yes

No

Mechanically 
adjustable

Adjustable
software

Buttons

System

Vapor

Liquid

Energy

Connectivity

Data

Legend:

Other:
Hauni-inside
(high importance)

Hauni-inside
(medium importance)

States:

Functions:

Standard

Variant

Optional

Relations:

Liquid flow

Air flow

Energy flow

Electrical signal flow

Mechanical signal flow

Fill liquid
Liquid 
filled

Liquid 
supply

Air supply

Store liquid

Transfer air

Liquid 
stored

Transfer liquid

Air 
transferred

Liquid in 
evaporator

Preheat air

Configure 
parameters

Transfer 
parameters

Parameters 
configured

Battery 
level 

detected

Input 
interface 

ready

Parameters 
transferred

Save parameters

Detect battery 
level

Detect liquid

Parameters 
saved

Modulate energy

Feedback

Software

Liquid 
detected

Monitor 
evaporation

Detect liquid 
amount

Liquid 
amount 
detected

Transfer energy
Energy 

transferred
Energy 
supply

Store energy
Energy 
stored

Lock energy 
supply

Energy 
availiable

Filter vapor

Vaporize liquid
Vapor 

supplied
Inhale vapor

Air 
transferred

User 
present

Activate device Device on
Activate 

vaporization
Vaporization 

activated

Collect 
Parameters 
visualized

Export data to 
app

Visualize 
parameters

Parameters 
collected

App input 
interface 

ready

Parameters 
in app 

configured

Configure 
parameters in 

app

Import 
parameters to 

device

Activate app
Data 

exported

Connect app 
with cloud

App 
connected 
with cloud

App has 
netwok 

connection

Visualize data in 
app

Connection
established

Connect app 
with device

Export data to 
cloud

Data 
exported 
to cloud

Data 
visualized

Vapor 
inhaled

Vapor 
filtered

S
B Battery Pack
BH Battery Housing
BMS Battery Management System
BP Base Plate
BU Bullet
CA Cartridge-Adapter
CH Chimney
CI Charging Interface
CU Communication Unit
D Display (e.g. LED)
H Housing
IDR ID-Reader
L Liquid
MC Microcontroller
PCB PCB
PE Power Electronics
PS Pressure Sensor
S Software
UI User Interface (e.g. Button)

Standard component

Variant component

Customer specific component

Optional component

Mechanical interface

Electronical interface

Communication interface

Fluid/Vapor flow

Air flow

Energy-Module

CI

  CA
HMI

PCB-A

H

I2C

I2C

OT

L

OT

CH

BU

BULLET-
MIG

BP Cap

Feature Allocation Model

Tree of external Variety

Product Family 
Function Structure

Module Interface Graph
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Advantages & Risks of Modular Product Structuring

Simpson et al., 2014

▪ Reduced development time

▪ Improved ability to upgrade/adapt products 

▪ Promotes a better understanding of the 
products

▪ Reduces testing effort and certification

+
▪ Problems of the platform affect all products 

of the platform

▪ Increased fixed costs (platform 
development 2-10 times as expensive as 
single development)

▪ Unsuitable for extreme diversification

-
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From Concept to Prototypes

Market Environment

Generic
Prototype

Generic
Concept
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B

-A

H

I2
C

I2 C

O
T LO
T C

H

B
U B
U

LL
E

T-
M

IG

B
P

C
ap

Customer Prototypes

Standard 
Modules

Heating CoreControl Unit

Digital Platform
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Product Structure Designed for Variety

▪ Off-the-shelf components
▪ Certification and tests can remain
▪ Risk diversification due to parallel 

development possible
▪ Carry over part for different product 

designs and releases

Standard Components

▪ Designed for easy adaptations
▪ Minimal lead time for design changes 

and rapid testing of different designs
▪ Rapid Prototyping possible through 

3D-Printing
▪ Use of simple molding processes

Variant and Customer Specific Components

n = ꝏ

n = ꝏ

n = 1

n = m

VarietyCartridge
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Case Study Results

Applied for 5 different 
product variants

With 80% standard
components

From scratch to prototype 
in less than 48h

S
B Battery Pack
BH Battery Housing
BMS Battery Management System
BP Base Plate
BU Bullet
CA Cartridge-Adapter
CH Chimney
CI Charging Interface
CU Communication Unit
D Display (e.g. LED)
H Housing
IDR ID-Reader
L Liquid
MC Microcontroller
PCB PCB
PE Power Electronics
PS Pressure Sensor
S Software
UI User Interface (e.g. Button)

Standard component

Variant component

Customer specific component

Optional component

Mechanical interface

Electronical interface

Communication interface

Fluid/Vapor flow

Air flow

Energy-Module

CI

  CA
HMI

PCB-A

H

I2C

I2C

OT

L

OT

CH

BU

BULLET-
MIG

BP Cap

Flexible Elements
custom 

Performance Elements
variant

Core Elements
standard

Vector of Differentiation

9

20
20

_S
T

10
_K

ue
ch

en
ho

f.p
df

C
on

gr
es

s2
02

0 
- 

D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A



Jan Küchenhof, M.Sc., Gunnar Niebuhr, M.Sc., Dr. René Schmidt, Dr. Marc Kessler, Prof. Dr.-Ing. Dieter Krause

Modular New Product Development in Highly Dynamic Markets © PKT

Lessons Learnt & Outlook

▪ Defining the “right” interfaces is challenging,…
▪ …, but once defined, advantages of modularization take effect

▪ Simultaneous module development (risk reduction)
▪ Reduced development lead times (time to market and flexibility)

▪ Usage of product development methods and tools fosters interdisciplinary, collaborative work 
▪ Efficient transition from product to process development (derivation of process platform)
▪ Holistic development allows for

▪ End-2-end approach (from user and customer needs to complete product life cycle)
▪ Incorporating digital shares (app, cloud, business intelligence)

Learnings

▪ Adjusting and scaling the product and process platform
▪ Addressing organizational complexity with agile development methods and an open innovation 

approach

Outlook

10

20
20

_S
T

10
_K

ue
ch

en
ho

f.p
df

C
on

gr
es

s2
02

0 
- 

D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A



Jan Küchenhof, M.Sc., Gunnar Niebuhr, M.Sc., Dr. René Schmidt, Dr. Marc Kessler, Prof. Dr.-Ing. Dieter Krause

Modular New Product Development in Highly Dynamic Markets © PKT

Contact & Literature

https://creativemarket.com/Creativepriyanka/4106332-End-ending-icon

Literature

▪ Krause, D., Gebhardt, N., 2018. Methodische Entwicklung modularer Produktfamilien. Springer, Berlin.

▪ Küchenhof, J., Krause, D., 2019. Entwicklung eines Produktarchitekturmodells zur Ableitung modularer Produktstrukturen, 30th 
Design for X Symposium. Jesteburg, Germany.

▪ Simpson, T.W., Jiao, J., Siddique, Z., Hölttä-Otto, K., 2014. Advances in Product Family and Product Platform Design – Methods & 
Applications. Springer, New York.

▪ Name: Jan Küchenhof
▪ Affiliation: Hamburg University of Technology (TUHH), 

Institute for Product Development and Mechanical 
Engineering Design (PKT)

▪ Homepage: https://www.tuhh.de/pkt/institut.html
▪ ResearchGate: 

https://www.researchgate.net/profile/Jan_Kuechenhof
▪ E-Mail: jan.kuechenhof@tuhh.de

Contact
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