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The international mass customisation case 
collection: an opportunity for learning from 
previous experiences 

Klaus Moser* 
Technische Universität München, TUM Business School 
Information, Organization and Management (IOM) 
Leopoldstraße 139, 80804 München, Germany 
E-mail: klaus@moser-mc.com 
*Corresponding author 

Frank T. Piller 
MIT Sloan School of Management 
BPS/Innovation and Entrepreneurship Group 
50 Memorial Drive, Room E52–513 
Cambridge, MA 02139, USA 
E-mail: piller@mass-customization.de 

Abstract: The International Mass Customization Case Collection (IMC3) is an 
initiative of more than 25 international researchers collaborating to build a 
broad basis for empirical research on mass customisation. The idea is to 
document current practices of mass customisation businesses in a form that 
allows rich cross-case analysis and learning from previous experiences. This 
paper provides an introduction to this special issue and compares all cases 
presented herein. It discusses the motivation and methodology and offers ideas 
as to how these case studies may be used for future mass customisation 
research and education in this field. In addition, managers will get inspiration 
for their own mass customisation initiatives by learning from the experiences 
portrayed here. 

Keywords: mass customisation; case study methodology; overview. 

Reference to this paper should be made as follows: Moser, K. and Piller, F.T. 
(2006) ‘The international mass customisation case collection: an opportunity 
for learning from previous experiences’, Int. J. Mass Customisation, Vol. 1, 
No. 4, pp.403–409. 

Biographical notes: Klaus Moser is a Consultant of the Boston Consulting 
Group (BCG) and a Researcher at the TUM Research Centre for Mass 
Customization and Customer Integration at the Technische Universitaet 
Muenchen. Moser was the founder and coordinator of the first German mass 
customisation industry research group, which worked in the area of critical 
success factors for mass customisation. His research focus lies in the field of 
mass customisation competencies and the classification of different mass 
customisation strategies. 
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MA. Piller’s most recent research focuses on value co-creation between 
businesses and customers/users, and the interface between innovation 
management, operations management, and marketing. He has published 
extensively on mass customisation and has directed several collaborative 
research projects in this area. 

 

1 Introduction 

Since the term ‘mass customisation’ was coined almost 20 years ago, much research 
attention has been brought to the concept and many companies have successfully 
launched mass customisation businesses (Davis, 1987; Pine, 1993; Tseng and Piller, 
2003; Piller, 2006). Yet mass customisation is still a ‘buzzword’, not a discipline (Piller, 
2005). In particular, a common understanding concerning the existing approaches and 
types of mass customisation is missing (Duray et al., 2000). Most recent research has 
focused on special aspects of the mass customisation business model, such as product 
modularity, configuration systems, flexible supply chains, or customer interaction. Much 
of this research is based on empirical studies or the analysis of anecdotic case studies. 
However, there is still a lack of research that provides a rigid aggregating perspective of 
the subject. 

The objective of this special issue is to offer representative material and insights for 
filling this research gap. It presents the first results of the International Mass 
Customization Case Collection (IMC3), an initiative of a consortium of 25 international 
researchers collaborating to provide a better basis of empirical research in this field. The 
first edition of this case collection will cover 18 mass customisation cases, eight of which 
are presented in this special issue. The idea behind this project is to document current 
practices of mass customisation businesses in a form that allows rich cross-case analysis 
and learning, thus supporting the following objectives: 

• The project aims to identify current business practices and to build a basis for future 
research. By creating a wide collection of different approaches to mass 
customisation, it shall allow investigation of the hypothesis that today’s mass 
customisation is present in various forms in many different industries from industrial 
goods, to services and consumer industries. 

• The IMC3 will create a collection of cases for developing and deepening the theory 
of different types of mass customisation, and comparing the way this business 
concept is implemented across different cultural contexts. 

• In doing so, the project seeks to explore the unique competencies applied by mass 
customisation companies operating this business concept. 

As readers will discover in this special issue, such a case collection is able to demonstrate 
the scope of implementation of mass customisation. Companies differ from one another, 
for example, in their degree of offered customisation, scope of activities performed 
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internally, technologies applied, and other dimensions. First and foremost, however, these 
case studies afford insights into the motives and objectives of companies implementing 
mass customisation. These motives range from profit-taking, to acting as a sheer 
marketing gimmick (Moser, 2006). Other more generic questions of research, for which 
this case project may provide an empirical background, include: 

• What strategic motivation do companies have in pursuing mass customisation? 

• Is mass customisation a unique organisational form, and what are its 
underlying principles? 

• What different types of mass customisation exist? What attributes differentiate 
these types? 

• Which competencies do companies currently employing mass 
customisation possess? 

• What are the success factors and challenges of different stages of a mass 
customisation business? 

• What is the state of application in a particular industry? 

2 Methodology 

Case study research is “an empirical inquiry that investigates a contemporary 
phenomenon within its real-life context, especially when the boundaries between 
phenomenon and context are not clearly evident” (Yin, 2003). Case study research is an 
appropriate method for studying mass customisation, since research in this field is still in 
an early stage (Eisenhardt, 1989; Piller, 2005). Table 1 lists some past research projects 
in the mass customisation domain that have been based on case study research. This 
project is primarily a research case study project (Yin, 2003). Most studies applying case 
study research in the current literature refer to Eisenhardt (1989), Hamel et al. (1993), 
Miles and Huberman (1994), Stake (1995), or Yin (2003), although this research design 
goes back to the work of Glaser and Strauss (1967). Generally speaking, there are two 
different types of case study research: teaching case studies and research case studies 
(Yin, 2003). Teaching cases are used to educate about specific aspects of management 
research, and due to this objective, the content of these cases is often changed to point out 
a specific aspect. In contrast to this, research case studies accurately document all 
empirical data in order to build a foundation for explorative research. The case studies in 
this project were not written as teaching cases (we have, however, already used some of 
these case studies as part of our mass customisation curriculum in several Executive 
MBA classes and received very good feedback).  

Case data are developed and studied within a large research consortium of 
international researchers who have better access to companies in their home countries. 
The idea is to also demonstrate and document companies outside the USA, where most of 
the previous publications were based. The project was initiated by a group of five 
researchers at the INFORMS conference in Denver in October 2004. This research 
group had decided to collaborate on the development of case studies from practice. By 
March 2006, the project group had grown to a number of 25 participants. To deepen 
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the understanding of different types of mass customisation, companies from various 
industries were selected. Available classification schemes of mass customisation 
were used to select a broad range of business examples (the models of Lampel and 
Mintzberg, 1996; Amaro et al., 1999; Duray et al., 2000 were particularly considered for 
this purpose). 

Table 1 Selected mass customisation research that builds on the case study methodology 

Author(s) Case description Research problem 

Feitzinger and 
Lee, 1997 

One case: Hewlett-Packard How does a large electronics manufacturer 
deploy mass customisation? 

Kotha, 1996 One case: the national industrial 
bicycle company of Japan 

Identification of the competencies of a 
pioneering mass customisation company. 

Peters and 
Saidin, 2000 

One case: IBM Malaysia 
(IT vendor) 

Identification of the internal and external 
factors supporting and hindering the 
adoption and implementation of mass 
customisation. 

Piller, 2006 About 140 cases: various 
industrial sectors (about 60% 
B2C and 40% B2B) and 
locations (approx. 40% German, 
40% USA, and 20% rest 
of world) 

Development of a mass customisation 
classification and establishment of a 
management framework to implement 
and run mass customisation in 
manufacturing companies. 

Zipkin, 2001 Around a dozen cases from 
various industries 

Identification of the competencies of mass 
customisation companies. 

All researchers utilised multiple sources of data collection, i.e., information was collected 
from many different sources. This collection method increased the internal validity of the 
data and ensured a higher level of proof of the derived hypotheses (Eisenhardt, 1989; 
Gummesson, 2000; Yin, 2003). The objective of using multiple sources “is to draw on 
the particular and different strengths of various data collection methods” (Pettigrew, 
1990, p.277). In general, the data sources were interviews conducted with managers, 
archive sources provided by the companies, and secondary or external information. The 
selection of specific sources depended on each company-researcher setting, and whether 
or not there had been any previous collaboration between the two parties. Some 
researchers, such as the research group at the TUM Business School or the DTU group, 
had already been involved in project work with the targeted companies (either in past or 
current cooperation). In such settings, researchers were also able to derive information 
from direct observations (e.g., during company visits or workshops) or existing material 
(protocols, presentation material, project reports, etc.). 

The documentation of each case and collection of all data followed a pre-defined, 
semi-structured case outline (Eisenhardt, 1989; Gummesson, 2000). Apart from an 
introduction to the industry and market, each case study presents the company, its 
products, and mode of operations. A chapter about the case-specific focus of each paper 
points out specific business models or competencies for mass customisation. A final 
section in each case provides an assessment of the company’s mass customisation 
business, summarised in the form of a SWOT analysis. 
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3 Overview of this issue 

This issue presents eight recent cases from the work of the international mass 
customisation casebook project. Table 2 provides an overview of all eight case studies 
and their particular focus. Three cases discuss insights gained from applying mass 
customisation in business-to-business industries. Companies in this industry are often 
used to performing highly customised activities for one particular client. However, 
growing competitive pressure and cost competition are forcing these companies to 
employ mass customisation principles in order to gain efficiency while maintaining a 
high degree of customer-centricity. The three cases show how product modularity, 
postponement structures, and product configuration systems enable traditional craft 
manufacturers to increase their operational efficiency while continuing to offer the same 
degree of customisation. The three industrial goods cases presented in this issue are: 

1 APC, a provider of data centre infrastructure and services from the USA 
and Denmark 

2 MarelliMotori, a manufacturer of electric motors from Italy 

3 F.L.Smidth, a Denmark-based manufacturer of complex process plants for the 
construction industry. 

The remaining cases focus on consumer goods companies. Here, the change resulting 
from mass customisation can often be illustrated better than in the case of industrial 
goods, as such companies run on a pure mass production model without any direct 
connection between customers and the manufacturer. For this issue, we have selected 
three case studies from the footwear industry to provide an initial cross-case analysis in 
one industry. The analysis of the mass customisation systems of Adidas (athletic shoes) 
and Left foot (men’s dress shoes) provides insights into measures taken for implementing 
a sustainable mass customisation business. A third case study focuses on the 
infrastructure necessary for custom manufacturing in this industry, and presents an 
interesting approach of using a pilot plant as a means to motivate and change the 
dominant industrial structure (i.e., mass production) in a country. The three cases from 
this industry are: 

1 Adidas, an international manufacturer of sports goods based in Germany 

2 Left foot, a Finland-based worldwide operating provider of custom men’s shoes 

3 Design&MC Lab, a research lab and model plant for the mass customisation of 
footwear based in the Italian shoemaking capital, Vigevano. 

The two remaining cases focus on special objectives connected with the implementation 
of a mass customisation strategy. Taking the example of the bike industry, the 
Steppenwolf case discusses typical challenges of integration along the value chain of a 
mass customisation business. Turo Tailor, on the other hand, is a company that primarily 
uses mass customisation as a marketing tool to support its mass production business in 
the apparel industry: 

1 Germany-based Steppenwolf, one of Europe’s leading manufacturers of custom 
bicycles 

2 Turo Tailor, a Finnish manufacturer of apparel (men’s suits). 
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We hope that you enjoy this special issue and derive inspiration for future work on mass 
customisation when reading these cases. Last, but not least, a call for participation: The 
IMC3 project is an open initiative. If you are interested in participating in this research 
cooperation and would like to contribute a case of your own, please contact us. We are 
looking forward to your input. 

Table 2 Overview of the case studies presented in this issue 

Company name Industry 
Mass customisation 
offering (product) Case-specific focus 

APC Industry 
goods 

Data centre 
infrastructure 
and services 

Mass customisation competencies of 
product modularity and product 
configuration system 

MarelliMotori Industry 
goods 

Electric motor 
manufacturer 

Mass customisation competencies of 
postponement and product 
configuration system 

F.L.Smidth Industry 
goods 

Process plant 
construction 

Mass customisation competencies of 
product modularity and product 
configuration system 

Adidas Footwear 
industry 

Athletic shoes Transformation process towards 
a sustainable mass customisation 
business 

Left foot Footwear 
industry 

Men’s shoes Success factors for implementing 
a sustainable mass customisation 
business 

Design&MC Lab Footwear 
industry 

Research lab for 
mass customised 
shoes 

Mass customisation business 
models and technologies for 
footwear businesses 

Steppenwolf Consumer 
goods 

Bicycles Integration challenges of mass 
customisation businesses 

Turo Tailor Consumer 
goods 

Apparel/men’s suits Mass customisation as a 
marketing tool 
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Abstract: American Power Conversion (APC), a company in the electronics 
industry, has used the principles of mass customisation to achieve major 
improvements in its efficiency and performance. APC sells, designs, produces, 
delivers, and installs large complex infrastructure systems for data centres, 
and components for these systems. At the heart of its mass customisation 
strategy are a module-based product range and the use of product configuration 
systems for sales and order processing. In addition, the company has 
implemented a manufacturing concept, which involves the mass production of 
standard components in the Far East, and customer order-based final assembly 
based on customer orders at various production sites around the world within 
close customer proximity. The results of applying mass customisation 
principles include a reduction of the overall delivery time for a complete 
system from around 400 to 16 days. Also, production costs were significantly 
reduced. At the same time, the company’s capability for introducing new 
products has increased. 
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1 Introduction 

In recent years, American Power Conversion (APC) has achieved noticeable business 
results by applying the principles of mass customisation (Pine, 1993; Tseng and Piller, 
2003). The company has developed and implemented a coherent business model that 
involves a focused market strategy, development of a module-based product range, sales 
and order processing based on the use of product configuration systems, a manufacturing 
system with customer-initiated assembly of customer-specific products based on standard 
modules, and distribution, installation and after-sales service based on the use of standard 
modules in the product range. 

After a short introduction to APC worldwide and the company’s market situation, this 
article will present APC’s overall business setup based on mass customisation principles. 
This business setup is further outlined by a presentation of APC’s products and the 
process of developing a modular product range, the sales and engineering processes 
supported by product configuration, the manufacturing setup, and the installation and 
after-sales setup based on the modular product range. The article focuses on the 
discussion of how the implementation of mass customisation principles empowered APC 
to simultaneously become more customer-centric and efficient. Finally, the article 
provides an evaluation of the results that APC has achieved by applying these principles. 

APC manufactures infrastructure systems for data centres. The company was founded 
in the early 1980s by three MIT graduates who had developed emergency power supplies 
for PCs and small computers. APC has achieved considerable financial growth and 
currently has a strong financial basis. The company is debt-free and, in 2004, had 
a turnover of 1.7 billion USD and a profit of 181.5 million USD. APC invests about 
100 million USD per annum in research and development. Some company data are given 
in Table 1. 

Table 1 Overview of company data 

Name American Power Conversion 

Address 132 Fairgrounds Road, W. Kingston, RI 02892, USA 

URL www.apc.com 

Year of foundation 1981 

Number of employees 6400 

Industry Computer equipment 

Products UPS and infrastructure systems for data centres 

Markets Worldwide 

Source: www.apcc.com 

In the course of the first ten years of the company’s existence, APC achieved a 
worldwide market share of more than 50% of all emergency power supplies for PCs and 
small computers. In order to expand the company, the founders began to develop 
emergency power supplies for larger computers and whole data centres. They also 
expanded the product range to include the entire infrastructure for a data centre, including 
products such as computer racks and cabinets, cable trays, controls, air-conditioning and 
so on. Figure 1 shows how the company’s product range has developed over time. 
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Figure 1 The development of APC’s product portfolio 
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Between 2000 and 2005, the company had performed a noticeable changeover from 
delivering small emergency power supplies, to delivering infrastructure systems for large 
data centres. Nowadays, most of the company’s turnover is derived from infrastructure 
systems for large data centres. Emergency power supplies for PCs have fallen heavily in 
price: from 2000 to 2005, the price of small emergency power supplies decreased from 
about 300 to roughly 50 USD. At the same time, however, APC was able to realise strong 
growth in the sale of infrastructure systems to larger data centres. Sub-systems for 
infrastructure systems such as emergency power, cabinets, or cooling denote a major 
proportion of today’s sales. APC’s objective is to increase its sales of complete 
infrastructure systems, which means that to an increasing extent, the company wants to 
establish lasting relationships with a larger percentage of their customers, and in time, 
develop more services that can provide customers support in operating, maintaining, and 
upgrading the infrastructure system. 

The expansion into infrastructure systems took place, amongst other things, by 
acquiring a number of companies such as Silcon Power Electronics in Denmark (taken 
over by APC in 1998), which produced infrastructure systems for large data centres. As a 
result, part of APC’s product development activities and its configuration team are 
situated in Denmark today. This acquisition strategy was, however, accompanied by the 
development and implementation of a new business model based on the development of a 
novel, highly modular product range, the consequent usage of product configuration 
systems for sales and order processing, and the implementation of a distributed 
manufacturing and assembly system that consisted of the mass production of standard 
modules and a customer-initiated assembly of the final products. These principles are 
described in greater detail in the following sections. 
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2 The market 

The market for infrastructure systems is characterised by, among other things, the rapid 
development in server technology. Servers are getting more powerful, and continually 
require more power and thus, more cooling. At the same time, there is a rapid 
development of components and systems for infrastructure systems, especially in the 
areas of electronics and controls. With regard to APC’s basic product characteristics, 
these essentials are requested by all of its customers – public and private enterprises with 
a data centre. The customers are distributed over a number of sectors, mainly within the 
finance, manufacturing, and public and private service industries. All customers have 
strict requirements with regard to a data centre’s reliability. For example, financial 
companies and public authorities such as the FBI have strict security stipulations. In 
addition, all customers demand that a data centre can be updated or upgraded 
continuously and efficiently, given the fast pace of the development in server and 
communication technology.  

In addition to these basic requirements, there are a number of specific factors that 
allow APC to differentiate itself against its competitors. The following section 
summarises these requirements and APC’s response to them: 

• Reliability (i.e., the maximum degree of assurance that the customer’s data centre 
avoids breakdowns) 

This is ensured by using robust components and systems that have been tested by the 
factory, and by using monitoring and control systems. System cooling is a critical 
factor, as the increasing power consumption of servers leads to an increased need for 
cooling. To meet this requirement, APC continually works on developing 
components and systems for cooling and controlling the temperature and humidity. 
Another important manner of achieving high reliability in the infrastructure system is 
to use thoroughly tested standard components and systems. 

• Adaptability 

Customers require that the systems can be adapted as time goes by, so as to 
match the data centre’s current server setup and technological developments. To 
fulfil this requirement, APC has developed a module-based product range, which can 
be continually extended by replacing or adding modules. For example, it is 
possible to expand the emergency power supply unit by adding one or more 
additional battery modules. 

• Customisation 

The wide range of customers implies that the data centres and the requirements to the 
infrastructure systems cover a wide range of different, custom-tailored solutions, 
i.e., APC has to specifically design each infrastructure system based on the 
customer’s specifications for the data centre and requirements of the infrastructure 
system. In order to facilitate this tailoring of customer-specific systems, APC has 
developed a set of standard modules that can be selected, combined, and scaled by 
use of product configuration systems. 
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• Speed 

Rapid delivery and punctual delivery are essential for customers. This is also the 
case for any service related to installation or after-sales service. The use of modular 
products makes it easier and considerably faster to scale, produce, deliver, install, 
and do after-sales service on an infrastructure system. In addition, APC’s use of 
product configuration systems for sales and order processing reduces the throughput 
time for processing quotes from days to minutes. The same is true for processing 
orders where the production documentation is produced by the configuration systems 
and assembly is based on standard modules. This means that the overall throughput 
time for delivering the company’s products is markedly reduced. 

• Total cost of ownership 

The cost of purchasing and operating the infrastructure system denotes a significant 
part of the customer’s total costs for operating the data centre. Many customers will 
only invest in an infrastructure system on the condition that it is more inexpensive 
than outsourcing the entire data centre operation to a third party. To reduce the price 
and running costs, APC uses both standard components and adapts its system to the 
customer’s current needs. It then ensures that the system can be upgraded as the 
customer’s needs change. In doing so, APC helps its customers avoid a situation in 
which the initial investment in a new system exceeds their current needs.  

APC’s competitors are partly other suppliers of components and systems for 
infrastructure systems, and partly consultants and advisors who sell services related to the 
dimensioning of infrastructure systems, choice of suppliers, and supervision of the 
delivery and installation of infrastructure systems. APC is currently the only supplier on 
the market that both produces components and systems for infrastructure systems, and 
also supplies complete infrastructure systems. 

3 APC’s mass customisation business model 

To be able to satisfy the market requirements for reliability, adaptability, speed, and low 
running costs, APC systematically works toward expanding the company according to the 
principles of mass customisation, based on the use of modules and configuration. The 
modular product architectures and design principles, which will be described in the next 
section, thus formed the basis for APC’s unique business model when it entered the 
market for complex infrastructure systems (NCPI systems). 

Figure 2 illustrates the most relevant elements in APC’s mass customisation-based 
business model. The five circles in the lower row illustrate the flow of the business 
processes in the company: sales and product configuration, logistics, manufacturing, 
distribution and installation, and after-sales service. These business processes are based 
on a modular product assortment, which, for example, makes it possible to mass produce 
standard modules and assemble and install the customer-specific infrastructure systems. 
The company has a focused market strategy. This means that customers are served solely 
using the modular product range, which is continually being further developed. All 
products are sold and specified with the aid of a set of sales and specification processes 
based on the configuration of modules. In manufacturing, standard modules are 
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mass-produced in a relatively large series, while customer-specific products are 
assembled to order based on standard modules from inventory and by using specifications 
from APC’s configuration systems. These mass customisation principles are a result of a 
radical change in APC’s overall business strategy, product range, and business processes. 
Table 2 outlines the transformation from the old paradigm to the mass customisation 
business principles. In the following sections, the main elements of this mass 
customisation business model will be described in more detail. 

Figure 2 APC’s mass customisation principles 

3.1 APC’s products and modular product structure 

APC’s product range includes racks for servers, power supplies, batteries, cabling, power 
distribution, air-conditioning, control systems, and services related to the system’s 
installation and operation. Figure 3 provides an overview of the various main elements in 
the company’s product range. 

As mentioned before, APC is engaged in developing the company from primarily 
producing components for data centre infrastructures to supplying entire infrastructure 
centres, so-called Network Critical Physical Infrastructure (NCPI) systems. This means 
that the firm is changing from a component and sub-system supplier to an all-around 
solution provider for corporate data infrastructure systems. Such a total solution system 
supports a customer’s server operation and other IT equipment by ensuring that there is 
sufficient space, cooling, cabling, and power for the servers. Apart from the physical 
products, APC offers a number of services in conjunction with the system’s installation 
and operation. Figure 4 illustrates how APC’s NCPI systems support corporate IT 
systems and associated processes, such as those for setups and maintenance. 

 
 
 

Sales and
elaboration of
manufacturing
specifications

based on
configuration

of modules

Planning and
logistics

based on
storage

management
of standard

modules and
order- initiated

assembly

Storage-
initiated

production of
standard
modules.

Assembly to
order

Distribution of
finally

assembled
modules.

Module-based
installation at
customer’s
premises

After sales
service based

on
replacement
of modules

Focused market strategy

Modular product
range



   

 

   

   
 

   

   

 

   

   416 L. Hvam    
 

    
 
 

   

   
 

   

   

 

   

       
 

Table 2 The transformation into the mass customisation business 

 The old business paradigm  Mass customisation 

Products Complex products; design 
and engineering for each 
individual customer 

Modular design of product 
range; configuration of 
customised products 

 Delivery of components for the 
infrastructure of data centres 

Delivery of complete 
infrastructure systems 

 Delivery of actual product Delivery of services in connection 
with the installation and 
after-sales service 

Product development Complex development of integrated 
products, long lead-time and often 
delayed projects 

Development based on modules 
means shorter delivery times and 
greater precision; possibility of 
wider, more dedicated product 
palette that is easier to update 

Sales Complicated sales and 
engineering processes 

Customised system products are 
configured based on the 
application of standard modules. 
Well-defined business processes 
(CTO, ITO, ETO) 

Production Integrated production 
and assembling 

Mass production of standard 
modules in the Far East; 
order-initiated assembling in 
distribution centres. 

 Early variant creation; 
customer-specific orders early in the 
production flow with long 
lead-times and low productivity 

Late variant creation; 
customer-initiated assembling 
with short lead time; mass 
production of standard modules 

Installation Complex installation and testing Installation based on the use of 
modules tested at the factory 

After-sales service Complex error detection 
and servicing 

Service based on the replacement 
of modules 

In recent years, a major achievement on the product level had been the development of a 
modular product range. The original small emergency power supplies were manufactured 
in large series with relatively few variants. As the company expanded, however, the 
number of product variants began to grow, partly because there are different electrical 
standards in different countries, and partly because different types of computers required 
adaptations to the emergency power supply system. When APC entered the market for 
complete data centre NCPI systems, the product range was module-based from the very 
start, and product configuration systems were implemented to ensure the correct 
configuration and dimensions of the individual parts to satisfy a given customer’s needs 
for a complete NCPI system. Modules that are used in, for example, emergency power 
supplies, air-conditioning, or racks are standardised and manufactured in a large series. 
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Figure 3 APC’s product range 

Figure 4 APC’s infrastructure systems support the customers’ IT solutions 
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The task of establishing a modular product range was initiated in the mid-1990s. A good 
example of an early modularisation project provides the development of the so-called 
310E and 320E series, a UPS unit. The previous product series were not modular, 
resulting in a number of problems such as long production times, high production costs, 
and many faults in the final products. It was also difficult to error-check the product due 
to its complex and unstructured design. To correct these problems, a project was 
launched to develop a new product family of UPS units for the two series.  

The development project started with a clear definition of the product’s principal 
functions. From this starting point and based on the principles of modularisation and 
Design for Manufacturing (DFM), a number of ideas were derived on how the new 
product series could be built up (Hubka and Eder, 1988; Ulrich and Tung, 1991; 
Fabricius, 1994; Miller, 2001; Ericsson and Erixon, 2000). A basic principle in the new 
product family was, for example, that a series of ‘over-dimensioned’ modules with 
different power limit levels would be used, so the same module could be used in several 
contexts. As a result, the number of different components going into one final product 
could be reduced. Another design principle was that the capacity could be varied by using 
just a small number of module types, which were series-connected to achieve the desired 
power. This also contributes to a reduction of the number of different components and, 
thus, the complexity of the product. 

Once the principles had been defined, the final product concepts were selected, and a 
detailed design was produced for the two product series. While selecting the product 
concepts, emphasis was placed on easy assembly, installation, and service of the product. 
Battery assembly is one such example: the weight of the individual units was reduced to 
around 20 kg. In addition, a system of drawers was introduced in which the batteries 
could be pushed into the rack from outside via pre-mounted slides in the rack’s sides. 
This makes it considerably easier to assemble and service the battery units later. Another 
example is that the number of different screws is reduced from 12 to 5, which means that 
fewer tools are needed during product assembly and service. 

Building on these experiences, APC introduced a module-based product architecture 
for its larger NCPI systems when it entered this market in 2000. The modules used in, for 
example, emergency power supplies, air-conditioning, or racks are standardised and 
manufactured in a large series. An example of a data centre where APC’s cabinets are 
used for mounting servers is shown in Figure 5, together with the equipment that makes 
up the infrastructure system. The equipment includes UPS units, air-conditioning, power 
supplies, cabling, power distribution, racks for mounting servers, and control systems. 
Both the individual parts and the complete system are modular. For example, the UPS 
unit, air-conditioning, and controls are all placed in the same type of racks, which are also 
used for mounting the customer’s servers. Cooling equipment is typically placed in the 
bottom or in the lid of the cabinet. The cabinets are available in a number of different 
models and sizes. An effort has also been made to develop modules that can be used 
independently of an individual product series. 
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Figure 5 An example of a data centre with APC equipment 

3.2 Focused market strategy 

One of APC’s customer’s most important requirements is the assurance that the 
infrastructure system – or parts of the data centre – will function properly without 
breakdowns. In other words, an important parameter is to sell and deliver thoroughly 
tested solutions that offer the customer a high degree of assurance. Unique solutions 
present unique problems, both in relation to the customer’s use of the system 
and to APC’s design, production, test, installation, and after-sales services of the 
infrastructure system. As a result, APC has introduced a focused market strategy to sell 
customer-specific NCPI systems and customer-specific parts of data centre 
infrastructures based on the use of standard modules and components. Yet this focus also 
means that APC has to turn away customer orders that lie outside the developed product 
range. From a practical point of view, the focus is maintained by ensuring that if a 
customer’s needs cannot be met by the use of standard modules represented in the 
company’s configuration system, the order in question must be approved by the 
managing director before the salesman can confirm it. 

The reduction of complexity in the sales system also allows APC to distribute its 
products via independent dealers and partners all over the world. A well-defined product 
programme and sales via configuration systems make it possible to sell via a network of 
over 10 000 salespeople and dealers. This in turn dramatically increases the market reach 
of APC, thus supporting its growth strategy. 

3.3 Priority to Configure-to-Order (CTO) processes 

APC bases its sales and order processing on so-called Configure-to-Order (CTO) 
processes, which are used for the great majority of orders. Orders that cannot be 
carried out via the CTO process are processed by using the engineer-to-order process, 
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which involves orders in which modules/systems under development are used, or the 
Integrate-to-Order (ITO) process, in which modules/systems supplied by other suppliers 
than APC are integrated into the product. APC has developed a clear framework on how 
the different types of business process are used in sales and order processing, with a clear 
preference for the CTO process: 

Configure-to-Order (CTO) 

The CTO process refers to a process in which customers put together a product based on 
the use of standard modules, applying the rules found in the configuration system. The 
process is carried out by customers, partners, or APC’s own sales staff. The process 
involves both the selection of a standard product and configuration of a customer-specific 
product. If the customer or salesperson is unable to independently select or configure a 
product, the configuration team is contacted and asked to solve the problem. To 
process CTO orders, APC implements two different types of sub-processes known as 
Assemble-to-Order (ATO) and Pick-to-Order (PTO): 

1 Assemble-to-Order (ATO) 

The ATO process involves customer orders in which the entire order or part of 
the order include parts identified by a part number, and possibly item numbers 
from third party suppliers. The part numbers in an ATO order include a list of 
sub-assemblies organised according to product characteristics, and when the order is 
typed in, the number of items for each item number must be specified. This is all 
controlled by the configuration system. Orders with ATO parts must be put through a 
configuration process to ensure that the structure is correct and to generate 
manufacturing specifications. Sub-assemblies are taken from stock and assembled 
into a complete ATO product according to the instructions (e.g., list of parts with an 
assembly structure/sequence specification) generated by the configuration system. 
The ATO process is carried out by CTO manufacturing teams that use standard 
sub-assemblies and manufacturing instructions (lists of parts and operations) from 
the configuration system. 

2 Pick-to-Order (PTO) 

Most ATO orders are part of a larger configuration with PTO parts. The PTO process 
involves orders in which part of the order or the entire order consists of parts that are 
identified by an in-store item number, then taken out, packed, and sent to the 
customer. The PTO process is performed with the help of the standard delivery 
processes that have been developed by APC’s warehouses. For orders that are part of 
a configuration consisting of both ATO and PTO items, ATO and PTO items are sent 
together as a single lot. 

If the customer’s needs cannot be fulfilled by the CTO process and the corresponding 
products in the configuration systems, the project is transferred to ‘the solution 
engineering team’, which solves the customer’s problem by applying the ETO or 
ITO process. 
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• Engineer-to-Order (ETO) 

The ETO process is used when the customer’s requirements cannot be fulfilled by 
means of the CTO process. This refers to special products with associated lists of 
parts and operations that have to be individually designed for a particular customer. 
The ETO process is carried out by the solution engineering team. In a first step, this 
team establishes a dialogue with the customer in order to determine whether it is 
possible to satisfy the customer’s needs by means of the CTO process. If this is not 
possible, the team checks whether the customer’s needs can be satisfied by one or 
more new products that are still in the pipeline for release by the product 
development department. A product proposal is only made if no solution can be 
found here, and in this case, its priority in relation to other development projects is 
determined. At this stage, rejection of the order is debated. A final option is to carry 
out the project using the ITO process.  

• Integrate-to-Order (ITO) 

The ITO process is used when the CTO process cannot satisfy the customer’s needs. 
The ITO process is typically used in cases where the customer requires components 
from external suppliers and/or products that have not been defined in the 
configuration system. As in the ETO case, the solution engineering team first 
examines whether it is possible to solve the customer’s problem with the CTO 
process. If it is not, the complexity and risks of integrating a third party’s products 
(i.e., products not represented in the configuration systems) in the solution is 
evaluated. If the solution requires a dedicated engineering effort, the project is 
evaluated and prioritised according to the company’s other development projects. An 
evaluation is also made as to whether APC chooses to make an offer in response to 
the inquiry in question. If the decision is placed in favour of executing the ITO 
process, the order is processed by APC specifying, purchasing, assembling, and 
possibly even testing components from third party suppliers. 

The main mass customisation principle underlying this process structure is the strong 
preference towards the CTO process, i.e., operating within a stable solution space as a 
main characteristic of mass customisation. Only CTO can be modelled and executed 
entirely with configuration systems. Today, 75%–80% of the orders on infrastructure 
systems (NCPI ISX Managers) are executed by use of CTO processes, 15%–20% are 
executed with ITO processes, and ETO processes are applied for the remaining 4%–5% 
of the orders. 

3.4 Sales and order processing based on product configuration systems 

As mentioned before, the basis for the business processes described above is the use of 
product configuration systems. The product configuration systems contain a description 
of all individual modules and rules for selecting, scaling, and combining modules. APC 
currently has a graphic configuration framework supporting 11–12 product types. This 
covers the equipment that is used in the infrastructure system for a large data centre, such 
as cabinets, emergency power, controls, air-conditioning, or cabling. The configuration 
systems are used partly by APC’s own sales personnel, and partly by members of its large 
network of independent retailers. 
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Using the configuration systems requires a lot from the sales staff, as employees now 
have to scale the product and prepare an offer with the configuration system by 
themselves. In order to be able to operate the configuration systems properly, all users are 
continually trained in the products, configuration systems, and business processes. 
Dealers are authorised at three different levels through a set of courses offered by APC in 
which they are trained in the products, CTO, ITO and ETO processes, and in the 
configuration system. The APC sales people are trained in a set of internal APC courses. 

The configuration systems are built using the procedure for the construction of 
configuration systems developed at the Centre for Product Modelling at DTU (Hvam, 
1999; Hvam, 2001; Hvam and Malis, 2003; Hvam et al., 2003). The starting point of this 
procedure is the generation of a model of the entire product range, which is described 
with the help of a product variant master, a class model and CRC cards (Bellin and 
Simone, 1997; Hvam and Riis, 2003). The product variant master is used to get an overall 
view of the product range that is to be incorporated into the configuration system, and of 
the relations between the individual parts of the product range. The CRC cards are used 
to document the rules for the selection, combination, and scaling of the individual parts of 
the product range. Finally, the task of the class model (based on UML; Jacobsen et al., 
1999) is to specify the formal IT structure of the product model.  

The configuration systems are implemented in Cincom’s Knowledge Builder 
software and integrated in APC’s ERP system (Oracle). This allows a smooth transfer of 
material bills and lists of operations from the configuration systems to the ERP system, 
while prices and information on catalogue items are transferred from the ERP system to 
the configuration systems. Today, the configuration systems are continuously developed 
and maintained by APC’s configuration team, which includes more than 30 people 
situated in the Danish subsidiary of APC. The configuration team is also involved in the 
development of new products and takes part in making decisions as to which product 
variants APC will develop and introduce to its markets in the future. 

3.5 Distributed manufacturing, installation, and after-sales service 

Manufacturing at APC could be considerably simplified since the modular product range 
allowed for the introduction of a distributed manufacturing system. Today, standard 
modules are produced at low costs and in large numbers at factories in the Far East, while 
the final assembly takes place in about 15 so-called CTO centres throughout the world 
(Figure 6). This final assembly is performed-to-order on the basis of manufacturing 
specifications generated by the product configuration systems, and with the use of 
standard modules available at APC’s CTO centres. Utilising standard modules has 
considerably reduced the lead-time during the final assembly and testing phase. For 
example, the assembly time for UPS modules has been reduced by 65% since 
implementing the modular product structure. 

Complete infrastructure systems are distributed via APC’s warehouses and about 15 
distribution centres worldwide. At present, assembly takes place in a series of production 
units, after which the assembled products are transported to the distribution centres, 
which then perform the final checking before distributing the products to the customers. 
During 2006, this setup will be modified in such that the distribution centres will also be 
performing the final assembly. In this way, the overall logistic process will be simplified 
and assembly can be done closer to the customers and installers. 
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Figure 6 APC’s production principle: order-based assembly of standard modules 

After manufacturing and assembly, installation of the systems is performed partly by 
APC’s staff, partly by installation companies, and partly by the customer’s own 
personnel. The modular product programme has made installation of the systems much 
easier, and in a number of cases, customers can service the system themselves by 
replacing a module. Assistance with installation and after-sales services is defined in 
relation to the individual product groups and the service level requested by APC’s 
customers, e.g., whether service is to be carried out two or four times a year, or how long 
the response time is for an APC employee to get to the site after a service call. These 
options are defined as a set of standard services that can be selected in the configuration 
systems on equal footing with the other modules in the product range. 

4 Evaluation of APC’s results 

The use of a modular product architecture provides a number of noticeable advantages 
for APC, both in respect to the individual product families and the overall business 
model. The modular product range denoted the foundation upon which APC could 
develop efficient business processes based on the principles of mass customisation. The 
advantages achieved at APC, after its product range for UPS systems (emergency power 
supplies), the so-called 310E and 320E series, had been switched to the new modular 
architecture, are one example. These effects are also typical for a number of other APC 
product families. In the 310E and 320E series, APC have attained: 

• Considerably lower costs for specification and production. Specification is done by 
configuration systems, which means that the real working time for preparing offers 
and production instructions is near zero. 

• The fixed production costs have been reduced by 50%. 

• The variable production costs have been reduced by 30%. 
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• Quality has been notably improved. For example, the number of assembly errors has 
been reduced from 30% to less than 2%. 

• Considerably easier installation and after-sales service. For example, the time for 
replacing a battery has been reduced from 5–6 hours to 20–30 minutes.  

• Delivery time has been reduced from 11–41 days to 1 day. 

Corresponding effects have been documented for a number of APC’s other product 
families. The most notable effect is, however, that the modular product range has enabled 
the consequent application of product configuration systems for sales and order 
processing. The modular product range also makes it possible to divide manufacturing 
into a mass production stage of standard modules and an order-based stage of final 
assembly. Installation and after-sales service have also been placed on a modular service 
structure and are now much easier to plan and perform. Using the configuration system, 
an entire complex infrastructure system for a large data centre can now be configured in 
less than one hour – a process that previously took anywhere from three days to four 
weeks. Not only has the efficiency in the sales process been improved, but a new kind of 
collaboration in APC’s sales system is now also possible, i.e., using configuration 
systems makes it possible to authorise and control a huge number of dealers worldwide. 

A further example for the positive effects of APC’s modular product structure is the 
introduction of a new product or component. In 2004, APC introduced more than 1000 
new products, which corresponded to one new product being introduced on an average of 
every eight hours. When a new product is developed, a product model is created and 
placed into the configuration systems immediately after the new product is specified, 
while older versions of the product are removed from the system. The sales employees 
are simultaneously trained in the new product programme and in the configuration 
systems. Once the new product programme has been launched, the old products, which 
have now been replaced by new ones from APC’s configuration system, are removed. As 
a result, implementing new products or parts and updating sales information has become 
much easier for APC. The use of the configuration systems also means that there is only 
one homogenous product catalogue in circulation instead of various versions, as is often 
the case when paper catalogues are used. 

APC has calculated that the administration and overhead of one catalogue item costs 
approximately 10,000 USD. Thus, it is of great significance for the company’s 
operational costs that the number of items should be kept to a minimum. Using standard 
modules and the selling through product configuration systems are seen as important 
means for reducing the number of catalogue items. The modular product range reduces 
the number of catalogue items needed for designing an infrastructure system, and the use 
of product configuration systems makes it easier to remove old catalogue items from the 
ERP system. 

By re-organising manufacturing as shown in Figure 8, the overall delivery time for a 
complete infrastructure system including configuration, planning, final assembly, testing, 
transport, installation, start-up, and training has been markedly reduced from 400 to 16 
days. The target is to even achieve a four-day delivery time. The main driver behind this 
lead-time reduction has been the introduction of an inventory of standard modules, so that 
the final assembly of an individual customer’s order can be rapidly performed using the 
modules in stock. At the same time, the consequent standardisation of the parts prevented 
an explosion of inventory costs compared to a pure made-to-order system. The use of a  
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modular product range has also considerably reduced the requirements on both the 
equipment and capabilities of the personnel in conjunction with assembly, installation, 
and after-sales services. 

Using mass customisation principles has provided APC a sustainable competitive 
advantage. These principles can be copied, and some of their competitors are also 
actually starting to implement some of them. However, it takes time and requires 
considerable resources to implement the business model that APC has now worked on for 
several years. Apart from this, APC is currently striving to further develop both the 
product range and the business processes. For example, the company recently launched a 
new version of its configuration systems with a graphical user interface with which the 
salesperson can position parts of the infrastructure system in a room. Another aspect is 
that the consequent use of standard modules and configuration systems requires strong 
leadership and discipline in the organisation. In a large company, there are many reasons 
for not using the configuration systems and the standard modules, such as when a sales 
person or an engineer wants to tailor a module in order to meet a specific requirement and 
only considers the costs and benefits in the specific situation, while neglecting the total 
costs of introducing a new product variant in the company.  

The next step in the development of APC’s business model will be to develop more 
services that can support customers’ operation, maintenance, and further development of 
the infrastructure system. This includes the development of systems for monitoring the 
individual customer’s infrastructure system as well as continual upgrading of the 
customer’s system. This will be done by developing and implementing configuration 
systems that are placed locally in the individual customer’s system, and can continually 
identify necessary extensions or reconfigurations in the infrastructure system. The basic 
commercial idea is to reshape the company from the sales and supply of products, to a 
continual supply of services, thus establishing a lasting relationship with the customer.  
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Abstract: With millions of possible electric motor configurations, 
MarelliMotori has always been pushing customisation within its product 
strategy. Over the last few years MarelliMotori’s strategy has been challenged 
by the increasing pressure on costs and delivery times due to the entry of 
low-cost manufacturers and the proliferation of highly responsive small 
companies operating on a regional scale. Therefore, combining product 
customisation with rapid deliveries and competitive prices has become a must 
for MarelliMotori. To do so, MarelliMotori considered changing both the 
product configuration process and the material flow. The case illustrates how 
and why grouping components into kits has enabled both the implementation of 
a software-based product configuration system and the postponement of 
product differentiation along the material flow, thus playing a key role in 
enhancing MarelliMotori’s mass customisation capability. 
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1 Introduction: the electric motor market 

Electric motors can generally be regarded as a technologically mature product from both 
an engineering design and manufacturing standpoint. The physical principles underlying 
the mechanics of electric motors are well known and, with a few exceptions, the 
manufacturing steps to build them are quite simple. Since the mid-1990s, most of the 
technological changes taking place within this product category have been prompted by 
new international quality and safety regulations, often applying to specific applications. 

Until a few years ago, the European electric motor industry was dominated by a move 
towards higher standards of product quality. Product quality appeared to be the most 
important competitive lever, which would have ensured a leading position on the market 
to the companies capable of exploiting it. Yet instead, Western European manufacturers 
have been undergoing increasing pressure on costs over the last few years. On the one 
hand, they have been experiencing sharp price increases in materials such as copper and 
steel, and in energy. Steel prices, for example, increased up to 50% in the first half of 
2004 owing to the enormous demand for steel from the Far East. On the other hand, west 
European manufacturers have been experiencing severe pressure on product prices 
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because of increased competition from low-wage countries. Many manufacturers, mostly 
located in the Far East, but also in Russia, Romania, Turkey and Brazil, have entered the 
market by offering off-the-shelf products of an acceptable quality and at a lower price 
than traditional manufacturers. In fact, in the electric motor industry, production 
processes are more labour intensive than in many other industries, and wage differentials 
are of major importance. European Union (EU) imports of electric drives, including 
electric motors and generators, from developing countries between 1997 and 2002 are 
depicted in Figure 1. The graph shows that imports constantly grew until 2001, when they 
regressed owing to the economic recession in Europe. In addition to the entry of low-cost 
manufacturers, over the last few years, west European companies have had to cope with 
the proliferation of small competitors operating on a regional scale, which assemble 
motors from imported components or just market imported motors under their own 
brands. Note that at an electric motor distributor located near Milan in northern Italy, we 
recently counted some 30 brands of as many different companies marketing products 
from abroad. Since motor components or finished motors are imported from low-wage 
countries and final assembly requires neither large capital investments nor advanced 
technical competences, such small companies can offer highly attractive prices while 
ensuring rapid deliveries, thanks to their proximity to targeted markets. However, these 
companies do not have sufficient R&D resources and their capability for customising 
motors is therefore very limited. 

Figure 1 EU imports of electric drives from developing countries, 1997–2002, EUR million 

Source: Eurostat (2004) 

 

0

100

200

300

400

500

600

700

19
97

19
98

19
99

20
00

20
01

20
02



   

 

   

   
 

   

   

 

   

   430 C. Forza, A. Trentin and F. Salvador    
 

    
 
 

   

   
 

   

   

 

   

       
 

Facing this changed competitive scenario, a few traditional manufacturers have decided 
to move production towards low-wage countries. This is the strategy, for instance, of 
ABB, perhaps the most famous induction motor maker in the world, which is shutting 
down its numerous plants in northern Europe and increasingly marketing motors 
produced in The People’s Republic of China, Turkey and eastern Europe with its own 
brand. In keeping with this strategy, which is aimed at coping with increasing price 
competition, ABB does not offer a full range of motors, but focuses on the best-selling 
items and is willing to deliver customised products only if they are required in large 
quantities. Likewise, Siemens, another very strong worldwide induction motor brand, has 
moved most of its production from Germany to eastern Europe and mostly makes 
noncustomised products, at growing prices and longer delivery lead times when orders 
for customised motors are to be fulfilled. 

Nonetheless, there is another opportunity available to the companies that have 
accrued deep technical competences from their long history in the induction motor 
industry. They can leverage the ability to provide customers with a full range of solutions 
and broad customisation possibilities, provided they manage to combine product 
customisation with prices and delivery times comparable to those of noncustomised 
motors. In addition, this strategy of mass customisation can take advantage of the 
heterogeneity of customers’ needs in the induction motor sector, owing to the large 
variety of installation and operating conditions. However, among the main players in this 
sector, only MarelliMotori, the company at the centre of this case study, has pursued this 
path, while competitors have devised their supply chains to be physically efficient rather 
than market responsive (see Fisher, 1997). The present study describes the initiatives 
MarelliMotori has implemented to become a mass customiser at both the level of 
customer-interaction process and manufacturing and logistics, highlighting the role 
played in this change process by a seemingly minor concept, the one of kitting. Kitting 
refers to defining a number of kits, each of which is a set of parts and/or processes that 
are specific to a certain product option within a predefined product space. 

2 The company: MarelliMotori 

MarelliMotori is the continuation of an enterprise started up in 1891, when the company 
was founded by Ercole Marelli under his own name. The name ‘MarelliMotori’ came a 
century after the establishment of the firm, when the Ercole Marelli company merged 
with the Pellizzari company, founded in 1901, which was Ercole Marelli’s main 
competitor in the electric motor, power generator and pump markets before the merger. 
Nowadays, MarelliMotori is part of the FKI Energy Technology group of companies, 
serving the world in the sectors of power generation, transmission and distribution. 

MarelliMotori is a manufacturer of low- and medium-voltage rotating machines. 
Besides three-phase squirrel-cage induction motors, which account for nearly 90% of the 
production volume and 50% of the company’s sales volume on their own, 
MarelliMotori’s product range includes synchronous alternators and DC motors. The 
latter were once in high demand owing to their speed-adjustment capability, but are less 
required nowadays because of the introduction of inverters, which, in combination with 
more inexpensive induction motors, allow for control over the speed of the motor. 
MarelliMotori completes its range by marketing inverters. 
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Throughout its more than century-long history, MarelliMotori has been building a 
strong competitive position as a supplier to the machinery, petrochemical and marine 
industries, offering a complete range of solutions for low- and medium-voltage motors 
and generators. Since entering the FKI Energy Technology Group, MarelliMotori has 
strengthened its leadership in these international markets by ensuring worldwide 
technical and commercial support. Quality and, more recently, environmental friendliness 
are among the main objectives of the company, which has been ISO 9001:2000 and ISO 
14001:2004 certified. 

To set itself apart from competitors, MarelliMotori has always leveraged the 
completeness of its product range and the possibility of product customisation offered to 
its customers. If we consider just the aluminium single-polarity industrial-application 
motors, the number of possible catalogue product configurations is about 4 000 000, each 
one different from the other in at least one feature. Over the last few years, however, 
MarelliMotori’s differentiation strategy has been challenged by the increasing pressure 
placed on costs and delivery times by the entry of low-cost manufacturers located in 
‘developing’ countries, as well as the proliferation of small companies operating on a 
regional scale, which assemble motors from imported components or just market 
imported motors under their own brands. As a result, combining product customisation 
with rapid deliveries and acceptable prices has become a must for MarelliMotori. The 
decision to pursue a mass customisation strategy does not imply, however, that 
MarelliMotori is going to leave the market of standard motors and position itself in the 
customised product market only. In fact, such a decision would negatively affect the 
company’s profitability, as users of induction motors normally have diverse needs that 
are sometimes fulfilled by standard motors. As a result, a supplier’s offering both 
standard and custom solutions is generally valuable to customers, who can find answers 
to all their needs without having to manage too many suppliers. 

Table 1 Overview of company data 

Name MarelliMotori 

Address Arzignano, Vicenza, Italy 

URL www.marelli.fki_et.com 

Sales 2004–2005 60,000,000< <80,000,000 EUR 

Year of foundation 1891 

Employees 480 

Industry Electric rotating machines 

Products Three-phase squirrel-cage induction motors for 
industrial, marine, inverter application, and for 
explosive atmospheres, DC motors, synchronous 
alternators, and inverters 

Markets Worldwide, through commercial subsidiaries, FKI 
Energy Technology Group, agents, and distributors 
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3 The three-phase squirrel-cage induction motor 

The basic components of a three-phase squirrel-cage induction motor are the stator and 
the rotor. The stator (see Figure 2) is made up of the frame and the stator pack, which in 
turn is obtained by piling up shaped magnetic sheets. These sheets have a number of slots 
in which primary copper windings for generating a rotating magnetic field are housed. 

Figure 2 Stator of a three-phase squirrel-cage induction motor 

The rotor is made up of the shaft and the rotor pack, which is obtained, much like the 
stator pack, by piling up shaped magnetic sheets with a number of slots to accommodate 
secondary windings. For low–mechanical-power motors, the rotor pack is shrunk on the 
shaft and a key transmits torque from rotor pack to shaft. For high-power motors, the 
rotor pack is set on a cylindrical surface sustained by ribs. The frame carries the terminal 
board, with the terminals of the windings protected by the terminal box and the terminal 
box cover. The end shields (at the drive and non-drive end), fan cowl, and feet, if any, are 
added to the frame as well, while the fan is added to the shaft (see Figure 3). 

MarelliMotori’s three-phase squirrel-cage induction motors feature 1:1 mapping 
between product components and product functions, where each component implements 
a specific function (see Table 2). In addition, component interfaces are standardised 
and, therefore, as long as the size of the motor is the same, a given component (e.g., the 
drive-end flanged shield or the plastic fan) can be replaced by a homologous component 
(e.g., a shield without flange or a metallic fan) without any change to the other 
components. Hence, MarelliMotori’s induction motors feature a high degree of 
modularity (see Ulrich, 1995). 
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Figure 3 Names of parts 

Table 2 Functions/components mapping for a three-phase squirrel-cage induction motor 

Functions Components 

Bearing structure, protection against strikes or external substances Frame 

Torque generation Wound stator, and rotor pack 

Torque transmission to driven machine Rotor, key, and bearings 

Supply Terminal board 

Cooling Fan 

Electric protection Terminal box 

Installation Feet and drive-end shield 
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MarelliMotori’s motors are classified into three groups, depending on the frame size, 
i.e., the distance between shaft axis and frame periphery: 

1 small motors, with frame sizes from 63 to 132 mm 

2 medium motors, with frame sizes from 160 to 315 mm 

3 large motors, with frame sizes greater than 315 mm. 

Small, medium and large motors differ in their production facilities and level of vertical 
integration. In the case of small motors, all the element pieces, i.e., all the components of 
the motor at the first level of its Bill of Materials (BOM), are purchased from external 
suppliers, each one carefully monitored by MarelliMotori to ensure product quality. 
Within the company, small motors are assembled in a dedicated line, and possibly 
customised according to customer requests. In contrast, in the case of medium motors, 
which require higher technical competences and for which it is more difficult to ensure 
quality, most of the element pieces are internally built by MarelliMotori. Medium motors 
are then assembled in a dedicated line. Finally, large motors, which have extremely low 
production volumes, are assembled internally by using a fixed position layout, and their 
element pieces are also built internally. 

For small, medium and large motors, customer interaction can take place at different 
points along the value chain (see Duray, 2002). Motors without options, referred 
to as standard motors, are built according to a Make-to-Stock (MTS) approach. 
In the case of motors with catalogue options, referred to as configured motors, two 
approaches are used. Small and medium motors are most often made according to an 
Assemble-to-Order (ATO) approach, i.e., they are assembled from components built on a 
to-forecast basis after customer orders are received. Large motors on the other hand are 
completely Made on a to-Order basis (MTO). Finally, motors with noncatalogue options, 
referred to as special motors, are produced according to an Engineer-to-Order (ETO) 
system, meaning that there is also a need for performing design activities after customer 
orders are received (a typical example is that of motors for marine applications, as their 
mechanical and electric characteristics depend on their specific kind of application). 
Besides differing in frame size, motors can be different in frame material (aluminium or 
cast iron), type of application (industrial, marine, for explosive atmospheres, for inverter 
applications), polarity and therefore rules per minute, mechanical power, supply 
voltage and frequency, mounting (motor with or without feet, with or without flange at 
drive-end, etc.), and a number of catalogue options concerning, for example, insulation 
class, cooling method, thermal protection, vibration grade, noise, colour, presence of 
anticondensation heaters and drainage hole, and second shaft end. 

MarelliMotori offers 26 different catalogue options for small motors, each identified 
by a three-character alphanumeric code. For example, the option ‘insulation class H’ is 
identified by code B0A, while the code B3B corresponds to the option ‘drainage hole’. If 
we consider the number of possible combinations of these catalogue options and the 
number of standard motors to which these option combinations can be applied, it 
becomes evident, for example, that the number of possible catalogue product 
configurations is around 4 000 000 for aluminium single-polarity industrial-application 
motors. For medium motors, the number of catalogue options is even larger – from 26 to 
40 – in keeping with the fact that the main competitive leverage changes when medium 
motors are considered instead of small motors. Price becomes less important, whereas the 
product’s capability of meeting a customer’s specific needs becomes critical. 
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4 Mass customisation capabilities and processes 

To combine product customisation with rapid deliveries and acceptable prices, 
MarelliMotori has changed both the customer-interaction process, by implementing an 
IT-supported product configuration system, and the manufacturing and logistic process, 
by postponing product differentiation along the material flow. In the following 
subsections, both processes will be described separately, along with a discussion of how 
each of them contributes to MarelliMotori’s mass customisation capability. 

4.1 The customer-interaction process and the configuration system 

For small and medium induction motors, MarelliMotori has recently developed an 
IT-supported product configuration system. This has not been done for large motors, 
since most are highly customised products that need to be designed almost from scratch 
according to each customer’s order. As such, it would be too costly, if not impossible, to 
define a priori the product space for large motors, i.e., the set of possible solutions 
MarelliMotori is willing to offer to its target customers (see Forza and Salvador, 2002; 
Tseng and Piller, 2003). 

The configuration software supports the commercial configuration process, namely 
the set of activities carried out to identify the complete and consistent description of the 
product variant that the customer is willing to buy and the company agrees to supply 
(Forza and Salvador, 2003; Forza and Salvador, 2006). This description is made in terms 
of commercial characteristics, which can include not only physical product 
characteristics, but also price or delivery terms. The configuration software also supports 
the technical configuration process, i.e., the set of activities after placement of a customer 
order, which generates the documentation (product code, BOM, production cycle, etc.) 
needed to build the product variant (Forza and Salvador, 2002). This documentation is 
generated on the basis of the commercial description of the variant produced by the 
commercial configuration process. At the moment, the configuration system used by 
MarelliMotori is a moderately automated system, as the software does not entirely 
replace the human operator in any of the logical points of the configuration process 
(Forza and Salvador, 2006). Instead, the configurator supports the operators at the 
commercial and technical office in the commercial and technical configuration activities, 
respectively. This architecture of the configuration system has made it possible for the 
technical office to maintain control over the output of the commercial configuration 
process. However, in the near future, MarelliMotori is going to integrate the commercial 
configurator with the technical configurator, thus building a highly automated system in 
which the technical configuration will be entirely automated, and only the commercial 
office will continue to play an active role in the configuration process. 

The commercial configurator gathers all the commercial characteristics needed to 
fully define an electric motor’s technical specifications through a number of subsequent 
steps, starting from the choice of the material and the application of the motor, to the 
definition of electrical and mechanical parameters, and finally, the selection, if any, of the 
desired catalogue options. The sequence in which this information is gathered can vary 
somewhat, depending on customer needs. The commercial configurator outputs a number 
of documents for both the customer (technical drawings, torque-current curve, data sheet  
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with technical characteristics of the motor and its performance under the operating 
conditions specified by the customer, an estimate of price and delivery terms) and the 
company (a file that serves as input for the technical configurator). 

The technical configurator in turn automatically generates the documentation needed 
to build the product variant (i.e., the BOM, production cycle and product code), and 
automatically inserts the code of the configured motor in the relative order row within the 
sale order managed by the company’s Enterprise Resource Planning (ERP) system, thus 
initiating motor production. Of course, product documentation is generated based on the 
data produced by the commercial configurator. At present, these data are inserted 
manually by a technician, but in the near future they will be automatically acquired by the 
technical configurator. 

The implementation of the commercial configurator has allowed a reduction in the 
average order-acquisition time for a configured product. The average time needed to 
provide the customer with an offer is now just a few hours compared with the one to two 
days previously needed (if technical office support was not required), or even one to two 
weeks (if technical office support was necessary). The commercial configurator has 
speeded up order acquisition by: 

a eliminating any need for recontacting customers because of incompleteness or 
inconsistency of the product specifications initially collected 

b minimising the need of the sales personnel to consult the technical office in order to 
check for the feasibility of customer requests and determine delivery terms and price 

c reducing the time spent by sales personnel to formalise the product specifications. 

Nowadays, the commercial configurator enables sales personnel to rapidly provide the 
customer with an offer that is feasible in terms of product performance, delivery time and 
price – even for non-standard motors, as long as they are configurable, i.e., have 
catalogue options. In particular, the commercial configurator provides salespeople with a 
set of technical documents (torque-current curve, data sheet, technical drawings) directly 
accessible online, thus making it superfluous to consult the technical office. 

In turn, the implementation of the technical configurator has allowed a reduction in 
the average order-fulfilment time for configured motors. The average time needed to 
technically configure the product is now just a few minutes as opposed to the 2.5 days 
previously needed owing to the involvement of three different people responsible for 
manually controlling electric parameters, generating the BOM, and defining the 
production cycle, respectively. In addition, the technical configurator ensures the 
correctness of product codes, BOMs and production cycles of all the configured motors, 
thus reducing the order fulfilment time in production. Of course, by virtue of the 
technical configurator, the technical office has been freed of the burden of generating 
product documentation for configured motors. On the other hand, the commercial 
configurator has freed the technical office of the task of supporting sales personnel in the 
order-acquisition process for configured motors. As a result, the configuration system as 
a whole has freed 2.5 people at the technical office out of a total of six employees 
previously occupied with managing small and medium motors. The freed resources could 
be assigned to more valuable activities, such as the development of a new motor series or 
the improvement of existing series. For an overview of the impacts of the software-based 
product configuration system implemented by MarelliMotori on the customer-interaction 
process, see Table 3. 
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Table 3 Impact of software-based product configuration system on customer 
interaction process 

Phase of customer 
interaction process Phase description 

Impact of the product 
configuration system 

Communication Includes all the activities aimed at 
transmitting information to target 
groups in order to influence opinions, 
attitudes, expectations, and behaviours 

The configurator enhances 
product assortment 
communication 

Exploration Includes customer activities aimed at 
collecting more detailed information 
about the product and the available 
degree of customisation 

The configurator makes it easier 
and faster to explore the solution 
space offered by the company 

Configuration Includes customer activities aimed at 
selecting or specifying the desired 
solution within the predetermined 
solution space 

The configurator enables a faster, 
accurate generation of a feasible 
offer without consulting the 
technical office 

Waiting and 
delivery 

Includes customer interaction activities 
taking place between offer generation 
and product delivery. In this phase, 
customers may interact with personnel 
other than salespeople, e.g., to address 
administrative or shipment issues 

The configurator enables a faster, 
accurate creation of product code, 
BOM, and production cycle 

After-sales and 
re-buy 

Includes customer interaction activities 
taking place after each purchase and in 
the case of repeat purchase 

The configurator allows storage 
of a large amount of customer 
data collected during the 
exploration and configuration 
phases. These data can be used to 
tailor subsequent offerings. In 
addition, the configurator allows 
rapid retrieval of past 
configurations for maintenance or 
repair purposes 

4.2 Manufacturing and logistics 

The manufacturing process of a three-phase squirrel-cage induction motor starts from 
magnetic steel coils that are cut into strips of different widths, depending on the frame 
size of the motor that is going to be built. These strips are sent to the die-cutting 
department, where shaped sheets are blanked. A number of shaped magnetic sheets and 
aluminium ingots are sent to the die-casting process to obtain the rotor pack that is shrunk 
on the shaft. The resulting subassembly, namely the finished rotor, is balanced and sent to 
the final assembly line. Other shaped magnetic sheets are piled up and seamed or welded 
together to build the stator pack, which is, depending on the complexity and size of the 
motor, manually or automatically wound by drawn copper wires. Once the windings have 
been connected together, the wound stator pack is impregnated under vacuum by 
thermosetting resins to protect it from the atmosphere, humidity and any external 
substances, thus improving the motor’s reliability and working lifespan. Subsequently, 
the stator pack is fitted into the cast-iron or aluminium frame and the resulting 
subassembly is sent to the final assembly line. Along the final assembly line, the terminal 
box, rating plate and feet, if any, are first added before the finished rotor is inserted and 
the fan, fan cowl and end shields are added. After being tested and varnished, the finished 
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motor is stored or directly shipped to the customer. In the case of medium motors, both 
the wound stator pack and the finished rotor are built internally, while the frame and the 
other element pieces are outsourced. For small motors, the wound stator pack already 
inserted into the frame and the finished rotor are also sourced from suppliers, which 
manufacture them from raw materials purchased by MarelliMotori. 

The production of standard motors is entirely driven by sales forecasts. In the case of 
configured motors, however, an MTS approach would imply excessive inventory costs, 
given the huge number of possible catalogue product configurations. An MTO approach, 
on the other hand, would allow inventory costs to be minimised, yet would entail 
excessively long delivery lead times. Consequently, whenever possible, MarelliMotori 
has chosen an intermediate approach where motors are assembled on a to-order basis 
starting from element pieces sourced or built on a to-forecast basis. The adoption of an 
ATO approach has been enabled by the postponement of product differentiation along the 
operational sequence, from the phase of sourcing/manufacturing element pieces to the 
final assembly phase. Whenever possible, in fact, the element pieces with one or more 
options are obtained from the homologous standard pieces (without any options) by 
adding the parts or performing the processes needed to obtain the required option(s) 
along the final assembly line. For example, when a customer places an order for one 
motor with anticondensation heaters (option B0H), no production or purchase order for a 
wound stator pack with anticondensation heaters is released. Instead, a standard wound 
stator pack purchased or built according to sales forecasts is picked from stock and 
resistances are subsequently applied and connected to the terminals in the terminal box 
along the final assembly line. By keeping the materials needed to apply the option (in this 
case the resistances) in stock, MarelliMotori is able to fulfil customer orders for 
configured products at a rate that produces only slightly longer lead times than delivery 
lead times for standard motors. Compared to the times when small and medium 
configured motors were managed according to an MTO approach, delivery times have 
been cut by about 50%. Of course, the ATO approach is not applicable in the case of 
options that cannot be added during the final assembly stage, such as the option 
‘insulation class H’, which needs to be built even before copper windings are wound 
around the stator pack. 

5 The role of kitting in achieving mass customisation operations 

The introduction of kits has played a key role in both the implementation of a 
software-based product configuration system and the postponement of product 
differentiation along the material flow. A kit is a set of element pieces and/or processes 
(technical drawings) that is stored within the item master file as a phantom code with an 
associated add-delete BOM and corresponds with a specific catalogue option. Table 4 
represents the BOM of kit B3D, which refers to the homonymous option ‘aluminium 
alloy fan’. 

Standard motors are equipped with a plastic cooling fan fastened to the shaft by a 
metallic tongue. When a customer requests an aluminium fan, the aluminium fan replaces 
the plastic fan and must be fastened to the shaft with a screw. Of course, in this case the 
shaft must have a hole for the screw. The shafts for the plastic and aluminium fans differ 
only in this feature. Within the BOM of the kit B3D, we find the element pieces to add 
(the metallic fan and the screw, each with a unit quantity equal to 1), the technical 
drawing that enables the operator to drive the hole in the shaft during final assembly, and 
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the standard element pieces which are replaced owing to the selection of option B3D (the 
plastic fan with unit quantity equal to –1). As such, algebraically adding the BOM of the 
kit B3D to the BOM of a standard motor results in the BOM of the corresponding 
configured motor with the catalogue option B3D. Kits are phantom codes, as 
MarelliMotori does not source kits, but rather only the materials making up kits. 
Nevertheless, kits do physically exist, meaning that each kit is associated with a small 
bag containing the materials listed in its BOM in the required quantities. 

Table 4 BOM of kit B3D (metallic fan application) 

Pos. Part number Description 
Gen. 
date  

Exp. 
date Revision Quantity MU Inv. 

10/1 AB34K4021 Metallic fan 01/01/98    1 NR A10 
20/1 264410485 Screw 19/08/02    1 NR CE0 
30/1 AA02A0331 Drawing for met. 

Fan appl. 
19/08/02    0 NR DIS 

40/1 AB34K2513 Plastic fan 19/08/02   – NR A10 

The introduction of kits has allowed MarelliMotori to offer the same product variety from 
a lower number of element pieces, thus enabling the adoption of an ATO approach. It is 
worthwhile illustrating how such a reduction in part numbers has been achieved. 
Consider four catalogue options that affect the wound stator pack: tropicalisation (option 
B0G), anticondensation heaters (option B0H), bimetal cutout switch (option B1A) and 
PTC thermistors (option B1B). If we consider that options B1A and B1B cannot be 
requested together, it follows that 11 variants of the same standard wound stator pack can 
be obtained, each one corresponding to one possible combination of the four options. 
Before the introduction of kits, for each combination of options applied to a given 
element piece (the wound stator pack, in this case), a specific part number was generated 
and stored in the item master file. As such, 11 part numbers corresponded to as many 
combinations of the above-mentioned options. In contrast, only the part number for the 
standard wound stator pack and the kits relative to the options in question are now stored 
(see Figure 4). If we consider that there are 101 standard wound stator packs (differing in 
mechanical power, number of poles, voltage and frequency) for the family of motors 
with a 112 mm frame size alone, it is easy to see that, for the family in question, 
the introduction of the four above-mentioned kits has made it possible to manage 
101 + 4 = 105 element pieces, including wound stator packs and kits, as opposed to 
101 * 11 = 1111. 

By reducing the variety of element pieces needed to offer a given variety of 
finished products, the introduction of kits has postponed product differentiation along 
the operational sequence for configured motors, from the element-pieces 
sourcing/manufacturing phase, performed on a to-forecast basis, to the final assembly 
phase, which takes place only after customer orders are received. As a result, the 
production variety funnel, which graphically represents the number of distinct items that 
occur at each stage of the operational sequence (New, 1993; Skipworth and Harrison, 
2004), is mushroom-shaped, which is typical of processes in which product 
differentiation is postponed (Mather, 1988). Figure 5 depicts the production variety 
funnel for the family of motors with a frame size of 90 mm. This family includes over 
900 000 possible catalogue configurations, all obtained from just 324 element pieces. 
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Figure 4 Kitting impact on the variety of element pieces to be managed 

Figure 5 Production variety funnel of motor family with 90 mm frame size 

By minimising the initial investment needed to develop the product model required by 
the configuration system, the introduction of kits has enabled the implementation of a 
software-based product configuration system. In fact, kits have allowed the BOM of a 
configured motor to be obtained from that of the corresponding standard motor (see 
Figure 6). Consequently, implementing the Generic Bill of Materials (GBOM) is less 
costly. GBOM comprises all components that can be employed to build a motor 
belonging to a given family (van Veen, 1992). In fact, only the codes of standard element 
pieces (without options) and the codes of kits need to be included in the GBOM, as 
opposed to all the codes of the element pieces with options. Consider, for example, the 
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GBOM of the family of motors with a 90 mm frame size: it includes 199 possible 
standard framed stator packs and five kits that can be applied to a standard stator pack. 
Since there are 23 possible combinations of the catalogue options corresponding to these 
kits, the GBOM would include 199 * 23 = 4577 stator packs with options, as opposed to 
199 standard stator packs and five kits, if these kits had not been introduced. The GBOM 
also includes 21 possible standard finished rotors and three kits that can be applied to a 
standard finished rotor. Since there are five possible combinations of the catalogue 
options corresponding to these kits, the GBOM would include 21 * 5 = 105 finished 
rotors with options, as opposed to 21 standard rotors and three kits, if these kits had not 
been introduced. This means that without the introduction of kits, 4577 + 105 = 4682 
element pieces with options should have been included in the GBOM, instead of just 228. 
Considering that neither the code nor the BOM of most of the 4682 element pieces with 
options existed at the time the configurator was introduced, we can easily estimate the 
positive impact of kits on the implementation of the software-based product configuration 
system. Creating the code and the BOM, as well as the relative validation constraints 
needed to obtain the BOM of a configured motor from the GBOM of the corresponding 
motor family, usually takes six minutes for each element piece. Hence, if we consider just 
the stator packs and the finished rotors for the motors with a 90 mm frame size, kitting 
has reduced the workload for implementing the configurator by about 58 working days of 
one single employee. 

Figure 6 Kitting impact on end item BOMs 
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Aside from limiting the number of element pieces to include in the GBOM, and thus 
the number of validation constraints to create for each product family, kitting has 
reduced the time needed to implement the generic production cycle. As the GBOM is the 
basis for generating the BOM of any motor belonging to a given family, the generic 
production cycle is the fundament for generating the production cycle of any motor 
belonging to the family. Therefore, the generic production cycle comprises all the 
manufacturing activities that can be needed to produce a motor belonging to a given 
family (Forza and Salvador, 2003). If no kits had been introduced, any activity within a 
kit’s BOM would have been included in the generic production cycle. For example, 
without kits, eight activities and the relative validation constraints would have been 
included in the generic production cycle for the family of motors with a frame size equal 
to 90 mm. Since an average of 2.5 minutes is needed to include each activity in the 
generic production cycle, defining the generic production cycle would be more time 
consuming if kits had not been introduced. 

To summarise, thanks to kitting, the implementation of a software-based product 
configuration system for each product family has taken an average of only nine working 
days for a single employee, with a reduction of at least 85% compared to the time that 
would have been needed without kits. In addition, thanks to kitting, the risk of error in 
implementing the GBOM and the generic production cycle has been reduced, given that 
highly repetitive activities such as the insertion of individual element pieces into the 
GBOM have been minimised. 

6 Conclusion 

A SWOT analysis of MarelliMotori reveals a set of peculiar strengths, weaknesses, 
opportunities and threats (Table 5). The entry of low-cost manufacturers located in 
developing countries and the proliferation of small companies operating on a regional 
scale in Europe and marketing motors imported from low-wage countries are putting a 
great deal of pressure on the costs and delivery times of standard induction motors. These 
threats are further compounded by the fact that goods shipped from developing countries 
to industrial nations are charged lower duties and undergo laxer controls over product 
certification than vice versa. Yet despite these challenges, there are also a few 
opportunities. First of all, none of the main players in the induction motor industry, 
including both traditional manufacturers and newcomers, provide customers with the 
same product variety and degree of customisation as MarelliMotori’s. Therefore, 
MarelliMotori has the chance to fully exploit the demand for customised products by 
leveraging the completeness of its product range and its traditional customisation 
capability, as well as its technological leadership accrued from over 100 years of 
experience in the sector. However, to cope with the increasing price and time 
competition, MarelliMotori must combine product customisation with rapid deliveries 
and acceptable prices, and thus pursue a mass customisation strategy. A key role in 
enhancing MarelliMotori’s mass customisation capability has been played by the 
implementation of a software-based product configuration system and the postponement 
of product differentiation along the material flow. These two initiatives have enabled 
MarelliMotori to reduce both the average time needed to provide customers with a 
feasible offer for customised motors and the average time needed to fulfil customer 
orders without penalising inventory costs. Kitting has played a key role in enabling both 
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the implementation of an IT-supported product configuration system and the 
postponement of product differentiation. Therefore, kitting has proved itself essential in 
increasing sales in a market context where customers are less and less willing to wait, and 
has done so at a very low price. In fact, kitting has brought about no increase in operating 
costs, since materials and processes making up kits were already managed by 
MarelliMotori, and only a modest investment was initially required: 20 working days of a 
single person were needed to define the kits for all 27 families of small and medium 
motors, and 2,000 euros were spent to equip the kitting area in which the small bags 
containing the materials listed in kits’ BOMs are prepared. 

Table 5 SWOT analysis 

Strengths Weaknesses 

Technological leadership accrued from over 
100 years of experience in the sector 

Offers a full range of induction motors 

Product customisation capability 

Must comply with European regulations 

Opportunities Threats 

None of the main players in the sector offer the 
same degree of customisation 

Many customers need both standard and 
customised motors, and prefer to purchase both 
kinds of motor from the same vendor 

Entry of low-cost manufacturers of 
standard motors 

Proliferation of small companies that 
market standard motors imported from 
low-wage countries 

Asymmetry of duties and controls on product 
certifications between developed and 
developing countries 

The pursuit of a mass customisation strategy by MarelliMotori also complements the 
decision to continue producing standard motors despite European regulations, which 
constitute a major disadvantage in facing the competition from developing countries. In 
fact, offering both standard and custom solutions allows MarelliMotori to exploit another 
market opportunity: the fact that many customers require both standard and customised 
motors, and generally prefer to purchase both kinds of motors from the same vendor in 
order to reduce administrative costs. 
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1 Introduction to the case company 

A major challenge for companies offering complex and highly engineered custom 
products is to reduce delivery times, while simultaneously increasing productivity and 
product quality. To overcome these challenges, some mass customisation principles could 
theoretically provide great opportunities such as the development of solutions in the form 
of product modules that can be used for a multitude of different customer-tailored 
products. Once a modular product structure is implemented, product configuration 
systems can be used to facilitate a more efficient sales and engineering process. Product 
configuration systems support the selection, dimensioning, and combination of the 
modules based on the individual requirements of each customer. During the sales phase, 
product configuration systems also allow the direction of customers towards the preferred 
standard solutions outlined in the developed modules. Most cases of mass customisation 
focus on products with a rather limited complexity. This case study outlines an extreme 
example of the application of modular product structures and a configuration system, and 
demonstrates that this approach is also feasible and beneficial for very complex products 
such as a full-fledged cement plant. 

The Copenhagen-based firm F.L.Smidth A/S delivers complete processing plants for 
cement manufacturing. Furthermore, the company supplies parts for processing plants 
and carries out the modernisation of existing cement plants. A cement plant consists of a 
number of departments for shale and limestone storage, the crushing of raw materials and 
coal, a kiln for burning cement clinkers, the grinding of cement clinkers, and the storage 
and packing of finished cement. The cement plants are built to accommodate the nature 
of the raw materials and requirements for production capacity, emissions, etc. A complete 
cement plant will typically cost about 150–200 million USD, and the throughput time for 
construction is two to three years. F.L.Smidth A/S has a worldwide market share of more 
than 50% (based on kiln capacity). The company’s biggest competitor is Polysius, which 
has a market share of about 25%; a number of small competitors share the rest of the 
market. F.L.Smidth A/S is part of the FLS-industries group. In 2003, F.L.Smidth A/S had 
a turnover of USD 850 million and 2109 employees. The company data are summarised 
in Table 1. 

Table 1 Overview of company data 

Data as of 2005 Company data 

Name F.L.Smidth 

Address Vigerslev Allé 77, DK-2500 Valby, Copenhagen, Denmark 

URL www.flsmidth.com 

Year of foundation 1882 

Number of employees 2109 

Industry Heavy machinery  

Products Cement production plants 

Markets Worldwide 

Source: www.flsmidth.com 



   

 

   

   
 

   

   

 

   

    Mass customisation of process plants 447    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

F.L.Smidth’s customers include established cement manufacturers all over the world, in 
addition to state governments, public authorities, and financially strong private persons 
who have not previously been active in the area of cement production, but see a local 
business opportunity. The most important customer requirements and choice options 
when ordering cement plants can be summarised as follows: 

• Price, including financing terms. 

• Delivery time. Quick delivery reduces the risk of whether or not the produced 
cement can be sold in the future. Also, quick delivery means that the cement plant 
can operate at an early stage, thus contributing to a faster repayment of the invested 
capital. Lost manufacturing time caused by long delivery times of the cement plant 
results in a loss of sales for the customers of F.L.Smidth. 

• Operating costs. The current costs of, e.g., manpower, energy, transport, and 
maintenance are crucial to the total profitability of the cement plant. 

• Energy consumption and environmental impact (emissions). In recent years, an 
increased emphasis has been placed on minimising the energy consumption and 
emissions of cement plants. 

In the early sales phase, F.L.Smidth must be able to present different solutions to the 
customer, providing a set of alternative setups regarding, e.g., capacity, operating costs, 
price, and energy consumption. There is increasing pressure on F.L.Smidth to deliver this 
information as fast as possible and make quick binding quotations. Within in the last 
years, the ability to come up with the right quotation for a new plant (or the remodelling 
of an existing plant) has become a major competitive advantage for F.L.Smidth. Given 
the complexity and uniqueness of each project, however, the company has to allocate 
plenty of its resources to the quotation process in order to meet this demand (given the 
scale of each project, one miscalculation can equate to a huge loss for the company). 

This challenge motivated the company to develop and implement a configuration 
system for the elaboration of budget quotations. The design of the configuration system 
was based on a procedure for constructing configuration systems developed at the Centre 
for Product Modelling at the Technical University of Denmark (Hvam, 1999; 2001; 
Hvam and Malis, 2003). Table 2 provides an overview of the suggested generic 
procedure for the design and implementation of configuration systems according to this 
framework. The purpose of this procedure is to provide guidelines for some of the most 
important questions when implementing a product configuration system: 

• How to analyse and rework the business processes that are to be supported with a 
product configuration system. 

• How to analyse and model the product assortment to be included in the product 
configuration system. 

• How to select and programme a product configuration system. 

• How to implement the product configuration system within the organisation. 

• How to maintain and further develop the product configuration system. 
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Table 2 Procedure for the construction of configuration systems 

 Phase Content Result 

1 Process analysis Identification and characterisation 
of the most important specification 
processes 

Formulation of goals and 
requirements for the individual 
specification processes; assessment 
and gap analysis 

Construction of a new specification 
process; definition of the 
configuration system(s) that is/are 
to support the specification process 

Evaluation and selection 
of scenario 

Plan of action and organisation of 
the further work 

Characterisation of the most 
important specification processes 

Goals and requirements of the 
individual specification processes 

Scenarios in the form of 
description of future specification 
processes and definition of the 
configuration systems that are to 
support the individual 
specification processes 

Evaluation/assessment of the 
effect of the individual scenarios 

Plan of action and organisation 
plan for further work 

2 Product analysis Analysis of product range; 
definition of the main content and 
structure of the configuration 
system; construction of a product 
variant master 

Definition of the main content and 
structure of the configuration 
system; product variant master 

3 Object-Oriented 
Analysis (OOA) 

Construction of an OOA model OOA-model (dynamics) 

User interface; specification 
of requirements 

4 Object-Oriented 
Design (OOD) 

Selection of configuration 
software; adjustment of the OOA-
model to the chosen configuration 
software; formulation of 
specification of requirements for 
programming, including user 
interface, integration with other 
systems, and programme dynamics 

Selection of configuration 
software; an adjusted 
OOA-model (OOD-model); 
specification of requirements 
for programming 

5 Programming Programming and testing A fully programmed 
configuration system 

6 Implementation Implementation of the 
configuration system and the future 
specification process 

Operating manual and 
training programme 

7 Maintenance Assess and follow-up on the new 
specification process; maintenance 
and current further development of 
the configuration system; select 
persons responsible for 
maintenance and further 
development 

Performance evaluation of the 
new specification process; 
updated OOA-model and 
programme code; persons 
responsible for maintenance and 
further development 
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The procedure starts in Phase 1 with the identification of business processes that are to be 
supported by the configuration system. The objective is to identify the most important 
specification processes and analyse the requirements of these processes (Schwarze, 1996; 
Tiihonen et al., 1996; Hansen, 2003). Specification processes include the analysis of 
customer requirements, the creation of a product adapted to these requirements, and the 
definition of activities in order to distribute this product along the entire value chain. The 
latter activities represent the life cycle properties of the particular product (purchase, 
production, assembly, dispatch, installation, and after-sales service activities). In 
addition, the specification processes have to be analysed in regard to the company’s 
overall strategic positioning (obviously, a cost leadership strategy requires different 
processes than quality leadership). Subsequently, scenarios of the future specification 
processes are outlined and evaluated and the most appealing scenario is selected. Based 
on this, the main structure of the configuration system is outlined, providing input for 
further work on the project budget and a plan of action for the following stages. 

In Phase 2, the content and structure of the configuration system is described in more 
detail based on an intensive analysis of the product range and possible related life cycle 
systems, e.g., production, assembly, dispatch, application, and scrapping (Krause et al., 
1993; Andreasen, 1998). The products are analysed by drawing up the product range in a 
so-called product variant master (Hvam, 2001), which is a description of the product’s 
structure in form of its functions and properties, parts/modules, variations within the 
individual parts/modules, and relations between parts/modules. The aim of the product 
analysis is to achieve a general view of the individual product families and their potential 
variety. Moreover, the product variant master is an instrument to ensure that different 
employees of the company obtain a common perception of the product range’s structure 
and the possibility of variety. 

The following phases are related to the modelling and development of the IT system 
underlying the product configuration system. In Phase 3, object-oriented modelling is 
applied (Booch et al., 1999; Jacobson et al., 1999). Here, the product variant master 
serves as a basis for the identification of object classes and class hierarchies. Details 
concerning the individual object classes are described by means of so-called class 
description cards (CRC cards) (Bellin and Simone, 1997; Hvam and Riis, 2003). The 
object-oriented model provides the basis for the models’ actual programming (Cawsey, 
1998; Tiihonen and Soininen, 1997). In Phase 4, object-oriented design, the 
configuration software is chosen. During the programming stage of Phase 5, additional 
technical requirements are determined such as programme dynamics or integration into 
other IT systems of the company (most notably the integration of the configuration 
system with the ERP system). After finalising the programming and rollout of the 
configuration system in the organisation (Phase 6), the challenging Phase 7 of 
maintenance and further development of the configuration system begins. 

Figure 1 shows an example of the process of constructing and implementing a 
configuration system. As displayed in the figure, the different phases are processed 
various times when constructing, implementing, and maintaining a configuration system. 
The process is also iterative, as the development will often jump back and forth from one 
phase to another. The objective of the remaining paper is to describe and analyse how 
F.L.Smidth has applied this procedure for developing and implementing a configuration 
system in its operations. Remember that the main objective of this organisation is to 
improve the order taking and quoting process during the sales phase. 
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Figure 1 The process of constructing and implementing configuration systems 
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2 Phase 1: analysis of specification processes 

The first step in constructing a configuration system is the identification of the most 
important specification processes at F.L.Smidth. From the beginning, it was agreed that 
the sales process of making quotations was decisive for the company. During this 
sales-quotation process, the main interaction between the company and its customers 
takes place. The perception of the quality and professionalism of this sales process 
from the customers’ perspective is an important antecedent of their decision to close a 
deal with F.L.Smidth. All of the cement plant’s important matters are determined in the 
sales process. In doing so, the decisive performance parameters for the cement plant and 
the most important cost parameters must be planned at an early stage of the quotation 
process already. In order to be able to evaluate the potential for applying a product 
configuration system to support the quotation process, an analysis was made of the 
existing quotation process, including a summary of the most important goals of the 
quotation process as compared to the existing performance and elaboration of a future 
vision for providing quotations by applying a configuration system. Furthermore, 
great importance was attached to the delimitation of the configuration system in order to 
ensure that the project could be carried out. In the following, some of the major goals of 
the process of elaborating budget quotations are summarised. The goals of the quotation 
process are defined according to the company’s strategy and through discussions with 
its sales representatives and the managers. The goals are then compared to the 
existing performance. 

As it appears from the gap analysis in Table 3, the application of a configuration 
system for elaborating budget quotations will result in a considerable reduction of the 
throughput time and consumption of resources, which means that all inquiries can be 
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answered with a budget quotation. Without a configuration system, F.L.Smidth’s 
employees are forced to prioritise the inquiries from customers, as there are not 
enough resources to answer all inquiries with a budget quotation. Studies on which 
inquiries lead to an order have shown that it is very difficult to evaluate whether an 
inquiry will result in an order. This means that some of the customer inquiries that were 
not followed up by an exact quotation from F.L.Smidth ended up at the firm’s 
competitors. Therefore, it is imperative for F.L.Smidth that all inquiries are answered 
with a budget quotation in the shortest amount of time as possible. The configuration 
system must be able to make budget quotations on the basis of input relating to plant size, 
types of raw material, fuel data, process choice, or emissions requirements. Some 
countries also require a specific percentage of locally produced components of the 
cement plant (local content requirements). The output of the configuration system will be 
a budget quotation comprising: 

• an outline of the content of the quotation, preconditions, and financing terms 

• a cost estimate 

• project parameters like operating time, capacity, emissions, etc. 

• a flow chart (mass flow) of the entire cement plant 

• flow charts of plant departments, including mechanical descriptions 

• layout proposals (standard) 

• a description of the main machines, including elementary diagrams 

• a general description of electricity and control 

• timetable design, manufacturing, and erection of the cement plant. 

The budget quotation is created as a Word file with a macro programmed in MS Word, 
which receives from the configuration system inputs (texts and drawings) relating to the 
individual elements of the chosen configuration. A budget quotation typically contains 
100 to 200 pages of text and drawings. 

Table 3 Gap analysis of the F.L.Smidth process for the elaboration of budget quotations 

 Goal Existing performance Gap 

Throughput time 1–2 days 10–25 days Reduction of 
about 90% 

Consumption of 
resources 

1–2 man-days per 
budget quotation 

About 10–25 
man-days per budget 
quotation 

Reduction of 
about 80% 

Percentage of inquiries 
that are replied to with 
a quotation 

100% 50% 50% 

Quality of budget 
quotations 

Homogeneous budget 
quotations 

Great variations More homogeneous 
quotations 
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3 Phase 2: product analysis 

The product analysis is carried out by using a product variant master. However, before 
discussing this phase, the elements and modular structure of cement plants developed by 
F.L.Smidth are to be briefly outlined. A cement plant consists of processing units, which 
again comprise a number of departments consisting of a series of machines. Figure 2 
shows an example of how a cement plant can be split up into processing units, 
departments, and machines. Processing units are defined by the component numbers 
100–900. The individual processing units are defined by their function, capacity, etc. 
Moreover, there is a well-defined interface between the individual processing units. By 
way of example, a raw mill can be mentioned, which grinds raw materials into powder 
before it is burned into clinkers. The interface between the raw mill and the kiln is 
defined by the piping of cold and warm air to and from the raw mill, and the number of 
cyclones, which can be between two to four. Unit 500 is an example of a processing unit 
that handles the grinding of cement clinkers. Processing unit 500 consists of the 
following departments: 

• feeding silos 

• cement mill 

• separator 

• the driving line for the cement mill (motor, gear, etc.). 

There are different solution principles for the individual departments. The 
individual solution principles are defined by their function, capacity, etc., and by the 
incoming machines. 

Figure 2 Processing units and departments of a cement plant 

The configuration system is based on the application of basic modules. A basic module is 
a collection of machinery and equipment that carries out a function within the cement 
plant such as the storage of coal or grinding of cement clinkers. The idea behind the use 
of basic modules is to identify the main machines, which define the capacity, etc., of the 
cement plant and determine 80% of its price. The basic modules are specified at a 
detailed level including lists of machinery and the auxiliary equipment. In the 
configuration system, a basic module is defined by its function, capacity, price, and other 
factors such as emissions, operating times, energy consumption, etc., and this definition  
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is standardised both in regard to the incoming machines and to interfaces with the other 
departments. Moreover, the configuration system includes rules for the potential 
combinations of the individual basic modules.  

In such, the configuration system only includes main functions in the cement factory 
defined as basic modules. Equipment that connects the basis modules, such as conveyor 
belts or cyclones, is not included in the configuration system, as these parts are not 
decisive for the price or capacity of the cement plant. Consider limestone storage as an 
example of a basic module (department 131, LHO (Longitude Homogenisation Storage)), 
which consists of an incoming conveyor belt, the stock itself, and an outgoing conveyor 
belt. For this type of storage system, a basic module has been defined for the incoming 
conveyor belt, the outgoing conveyor belt, and both long and short LHO storage. Basic 
modules are also defined for other types of storage, e.g., side-scraper and circular storage, 
the same way as for LHO storage. In addition, the individual basic modules come in 
different sizes corresponding to the capacity of the cement plant, e.g., 2000, 3500, 5000, 
7500 tons per day. Based on the basic modules, additional price and weight curves have 
been calculated and are stored for all appropriate individual machine and auxiliary 
equipment as shown in Figure 3. 

Figure 3 Price and weight curve for main machines 
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A price curve is based on previously manufactured main machines. The price and weight 
curves are made by entering capacity, price, and weight data for previously manufactured 
machines of the type in question (typically three to five main machines). Next, a curve is 
plotted, showing the price and weight for machines that have not previously been 
manufactured. The main machines of the basic modules are stored as lists of machines in 
the product database, which contains information about all incoming parts of the 
previously manufactured cement plants with reference to drawing number, list of parts, 
assembly specifications, etc. After this, the list of machines is priced in the quotation 
system (PPS), which is currently updated in regard to price of materials, foreign 
exchange rate, etc. The use of basic modules and price curves makes it possible to  
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combine and scale the basic modules by applying a configuration system. As a result, a 
cement plant is devised according to the existing raw materials and the required capacity, 
operating time, emissions, etc.  

To support the detailed description of the individual parts within the configuration 
system, a product variant master is applied (Hvam, 2001). The product variant master’s 
structure encompasses: 

• The primary functional characteristics and other attributes of the cement plant, 
e.g., capacity, fuel, altitude, characteristics of raw materials, and the finished 
cement manufactured. 

• Flow of material. Characteristic of the individual processing units. 

• Mass flow. Description of the primary process of capacity indication and other 
operating conditions. 

• Departments. Description of the individual departments with capacity indication and 
other operating conditions, and their relation to mass flow, arrangements, and choice 
of machine type. 

• Life cycle properties including operating costs, spare parts, and wearing parts. 

Figure 4 shows a small section of the product variant master, exemplifying the 
description of departments. This excerpt shows the handling of raw materials and 
includes characteristics of the incoming raw materials (e.g., limestone and shale), 
conveyor belts, stocks, and crushers. 

Figure 4 A section of the product variant master 

Departments

Raw Material Handling 100

Limestone

Intake [yes,no]

High Grade limestone silo [xx..yy]

Shale/clay

Additive 1 

Additive 2

Storage type [SS]

Crusher

Unit size [100 , 125]
Type [EV]

Crusher

Type [bedeschi ]

Mix crusher Limestone and Shale [

Mix storage Limestone and shale[LHO, CHO]

Storage

Building length ,indicated if longitudinal storage

Covered / not covered
Stacking length, indicated if longitudinal storage , otherwise indication of diameter

Density [1,0..1,7]

Storage conveyor [MM1000-1, M100-2, MM1200 , MM1400]

Transport to storage [MM1000-1,MM100-2, MM1200, MM1400]
Type[LHO, CHO]

Homogenizing , non homogenezing

Storage

Building length , indicated if longitudinal storage 

Covered/ not covered
Stacking length, indicated if longitudinal storage

Density [1,0..1,7]

Storage conveyor [MM1000-1, M100-2, MM1200 , MM1400 ]

Transport to storage [MM1000-1,MM100-2, MM1200, MM1400]
Type[BCE]

Homogenizing

Storage type [SS]

Crusher type [MHC, UKC] see crusher and storage document

No crusher according to the old  model

(Slithtly sticky/sticky]

Shale/clay 
§ Homogenizing -> type storage LHO, BCE, CHO
§ non homogenizing -> type storege LHO, SS 
§ Sticky  shale/ clay -> Type storage BCE
§ Klistrende shale /clay -> no crusher selected (we 
do not have a crusher that can handle sticky 
materials)

§ There are  max . og min. Lengths for storages
§ There are  max . og min. stacking length
§ There is a  max. and min. construction length
§ The limestone stock can be used to  mix or 
separate limestone stock
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During the construction of the product model, many useful discussions arose about the 
construction of the cement plant’s individual parts and their relationship to other parts of 
the cement plant. The product variant master and the CRC cards have served as a kind of 
contract between the quotation group and the product experts in relation to the options 
offered by the quotation group to the customers of F.L.Smidth. In addition, the 
structuring of the product variant master also resulted in several improvements to 
different parts of the cement plant. One example is the construction of the cement mills. 
Here, construction could be optimised in relation to gears and bearings, resulting in a 
reduction of the number of different cement mills from around 100 to 8. 

In conjunction with the structuring of the product variant master, a number of details 
regarding the individual nodes have been described by the use of CRC cards (Hvam and 
Riis, 2003). CRC cards are used to capture a detailed definition of attributes, constraints, 
and calculation rules for each node of the product variant master. CRC card details are 
outlined in the next section. The product variant master has been elaborated in a number 
of meetings between the configurator group and the product experts at F.L.Smidth. In 
between meetings, individual participants obtained supplementary information on the 
products and contributed to the completion of the CRC cards by filling in details. The 
product variant master gives an overview of the construction of both the cement plant 
and the configuration system. Moreover, it forms the basis of the structure of the 
object-oriented class model in the next phase, which includes a detailed analysis and 
construction of an object-oriented model (OOA). Thus, the CRC cards are used in 
conjunction with the product variant master in Phase 2 as well as the object-oriented class 
model in Phase 3. 

4 Phase 3: object-oriented analysis 

In Phase 3, an object-oriented class model is constructed on the basis of the structure of 
the product variant master. Figure 5 shows a section of the class diagram for the two 
subject layers Product and Function, respectively. The class model consists partly of a 
number of part-of structures such as the handling of raw materials, which comprises the 
classes Limestone grinders, Limestone transport, and storage, and partly of a number of 
kind-of structures such as storage, of which there are three different types: the circular 
bridge scraper store, the side scraper store, and the longitudinal bridge scraper store. 

Figure 5 A section of the class diagram 
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The individual classes of the model are described by using so-called Class 
Responsibilities Collaboration cards (CRC cards). Figure 6 provides an example of a 
CRC card for the class ‘500 Cement grinding’. Listed on the CRC cards are the class 
name, author/responsible person, date of creation and latest changes, and the relation to 
the rest of the model, i.e., the class is placed in an aggregation structure with the class 
Cement plant as the main class, and the classes Cement Mill Feed, Cement Transport, 
UMS Mill, and OK Mill as sub-classes. The field ‘Responsibilities’ contains a brief 
explanation in an ordinary text, describing what the class does. In this case, the class 
carries out a mass-flow calculation and defines the capacity measured in clinker capacity 
and cement capacity. 

Figure 6 CRC cards for the class ‘500 Cement grinding’ 

Class name: Date: Author/version

Responsibilities

Aggregation: Generalisation:

Main parts:

Sub-parts Sub-classes:

Main classes:

Sketch:

Attributtes: The class 
cooperates with:

System methods:

Product methods:

500 Cement grinding LiHe

The task of the class is to decide the mass flow 
And to calculate the capacity measured by clinker capacity and 
cement capacity . 

Department

UMS-mill and 
OK-mill

Cement mill feed, Cement 
Transport, UMS Mill, OK Mill

Capacity_Cement [0,0..10.000,0] tpd
Capacity_Clinker [0,0..10.000,0] tpd
Daily_Runhour [1..24] h
Production_Days [1..365] days a year
Production_Days_Week [1..7] days/week
Production_years [1..60] years
Storage_Time [0..100] days
Mix_Clinker [0..100]
Mix_Gypsum [0..100]
Mix_Additive_1 [0..100]
Mix_Additive_2 [0..100]

Production_days_week * Daily_Runhour * mix Clinker* Sum(capacity over 
_cementmills !) > capacity_Clinker * 7 * 100

100 * Capacity_Clinker = mix Clinker * Capacity_Cement

100,0 * _510_Clinker.flow_out > 
sum (Capacity over _531_cement_Mills!) * mix_Clinker

Heat generator
Heat generator only for the cement grinding station . Cement grinding station in 
scope results in selection of heat generator as default .

Gear
Gear effect >= mill effect

Gear Effect kW
DMHG 18
DMHG 22
DMHG 25,4
2xDMHG 22
2xDMHG 25
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On the CRC card, some of the characteristics describing cement grinding are indicated 
under attributes, in this case e.g., capacity for cement and clinkers, production time per 
day, or number of production days at the stock. Under product methods, examples of 
rules for calculating capacity or gear size are indicated, e.g., if a cement grinding station 
has been chosen from the scope list, there must always be a heat generator. The 
individual classes and the CRC cards attributes are named by known domain names that 
are already used in daily operations. It is, therefore, easier for F.L.Smidth employees to 
gain an overview of the model and discuss and evaluate the content of the model. 

It was chosen not to express methods with formal notation like Object Constraint 
Language (OCL) (Warmer and Kleppe, 1999) or pseudo-code. Instead, the aim was to 
express product methods, etc., by an ordinary language together with formulas and tables. 
This choice has been made in order to make the model easy to understand for product 
experts and other employees at F.L.Smidth. 

The structure of the system’s user interface is based on the model constructed 
(product variant master, class diagram, and CRC cards) and a number of use cases. 
Moreover, the user interface is constructed according to the principle of following the 
material flow within the cement plant. One of the first screen images shows the material 
supply to the plant, followed by a specification of the requirements of the individual parts 
of the cement plant, followed again by a definition of the material flow of the plant. 
Finally, the type of transportation of the cement from the plant is specified. In addition to 
this, there are screen images related to the main functions of the cement plant such as the 
quality of raw materials, operating times and emissions. 

5 Phases 4 and 5: object-oriented design, choice of software, and 
programming 

An important decision when implementing a configuration system is the choice of 
the software system, i.e., whether a proprietary or a standard software should be selected, 
and from which vendor. In the case of F.L.Smidth, this decision was supported 
by an existing database that compares the features of different product configuration 
systems (documented at http://www.produktmodeller.dk/review/results/results.html). 
F.L.Smidth’s choice fell on a standard software product, the ‘E-Configuration Enterprise’ 
by SSA Global. This configuration system is object-oriented, which among other things 
means that the class model from Phase 3 can be implemented directly in the configuration 
system. This facilitates the programming task and allows the direct use of the class model 
and CRC cards as configuration system documentation. In addition to this, the class 
structure makes it possible to make changes in a single class (especially in the classes that 
are placed at the bottom of a hierarchy) without evoking any effects on other classes. This 
makes it easier to ensure continuous further development of the configuration system. 
The programming task is based on the product variant master, the class diagram, and the 
CRC cards. Prototypes have been made regularly and parts of the system were 
programmed and tested whenever there was uncertainty about whether the rules or 
calculation in question could be implemented. 
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6 Phase 6: implementation 

Just before the implementation of the configuration project, F.L.Smidth had completed 
another major IT project that did not achieve the expected results. This was one of the 
reasons why the company’s management wanted a small-scale project with only two to 
three employees involved, and a stand-alone configuration system that was not integrated 
in the firm’s other IT systems. The project’s catchword was ‘keep it simple’, and one of 
the project group’s most important tasks was to focus on the 20% of the cement plant that 
denotes 80% of the price. This meant that details that were irrelevant to the cement 
plant’s price were not included in the configuration system. 

The company started using the configuration system in 2000 after an intensive testing 
stage. Selected users tested the system and the sales representatives using the system 
were trained. The first version of the configuration system was implemented in the 
organisation in 2000. Before this, the system had been thoroughly tested in order to 
ensure that it was as accurate as possible. In addition, a number of system tests had been 
carried out with selected users in order to gain input on the system’s mode of operation 
and user interface, and to establish progressive acceptance. In conjunction with the 
system’s implementation, training courses were offered for its users to demonstrate how 
the configuration system had been constructed. In addition, the company appointed two 
‘super users’ who were in charge of developing the configuration system and instructing 
other users on the configuration system. 

7 Phase 7: maintenance and further development 

The original project group was dissolved in 2000, after which a configuration team was 
established, which became responsible for the operation and further development of the 
configuration system. In addition, an advisory group was formed to collect and discuss 
data on the experiences gained from actual use of the configuration system, and to 
contribute to a current update of the configuration system (Figure 7). The responsibility 
for the updating task lies with the individual departments. The advisory group assists the 
configuration team in controlling whether product experts within the individual 
departments update knowledge in the configuration system. During the years 2000 and 
2002, approximately 40 to 70 person-weeks per year were required to operate and 
maintain the configuration system. The product variant master and CRC cards are used 
for the documentation of the knowledge stored in the configuration system. The class 
model had been developed on the basis of the product variant master, but is used solely in 
conjunction with the programming of the configuration system, i.e., the dialogue with 
product experts and other employees takes place via the product variant master and CRC 
cards. A continuous revision of the documentation and configuration system is carried 
out by the application of version numbers. 
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Figure 7 Organisation of the maintenance phase 

8 Evaluation 

On the whole, the experiences gained from the application of the configuration system 
have been positive for F.L.Smidth. In the beginning, sales representatives were hesitant to 
use the system, as its application seemed to break with their successful order taking 
routines. The problem was overcome by assigning a person from the configuration team 
to each sales representative, who helped them configure the system. Shortly later, sales 
representatives felt confident enough to use the system on their own. Figure 8 shows how 
the configuration system is applied in today’s budget quotation process. There are 
different settings of usage:  

• An employee from the sales department can (maybe together with a super user) use 
the configuration system to make a budget quotation for a customer. Together with 
the customer, the sales person will determine all the necessary input for the 
configuration system. 

• For more complex projects, an employee from the sales department often gathers a 
group of specialists and a super user for a few meetings of one to two hours each to 
determine how to provide a configuration of a plant that best suits the customer’s 
requirements, based on all available customer input. The group jointly determines the 
necessary input based on a customer inquiry and carries out the configuration and 
budget quotation, the result of which is subsequently checked for possible errors and 
omissions before it is sent to the customer. This procedure ensures that all relevant 
input and specialist requirements are already included in the initial budget quotation. 

• The last setting is geared to sales representatives, specialists, or others who use the 
configuration system as an expert system to find information about, e.g., solution 
principles, arrangements, prices, or capacity of the different machine sizes. This 
information is helpful in early sales stages, and for communicating the 
manufacturer’s basic capabilities and competences. 
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In 2003, the configuration system had been used for basic budget quotations of about 
USD 3.2 to 3.5 billion and detailed quotations of about USD 5.5 billion, resulting in 
orders of about USD 0.5 billion. Given the typical order size of USD 35 to 200 million, 
the overall costs of development and implementation of the configuration system of 
approximately USD 1 million (up until 2000) seem very reasonable. Today, operating 
costs of the configuration system are around USD 100,000 per annum. 

Figure 8 Elaboration of budget quotations through use of a configuration system 

The application of the configuration system has enabled F.L.Smidth to reduce resources 
for the elaboration of quotations by 50%. The configuration system ultimately means that 
sales representatives do not have to burden engineering specialists with the elaboration of 
budget quotations. At the same time, the period from a client request to the signing of the 
final contract has been considerably reduced. Furthermore, the configuration system 
enables F.L.Smidth to respond to all requests with a quotation. Just one extra order 
placed with F.L.Smidth covers the costs of the configuration project several times over. 
In relation to the sales process, the application of the configuration system has also 
contributed to a range of additional advantages: 

• The company achieves more structured negotiations with the customer. 

• Budget quotations become more homogeneous and of better quality, as all relevant 
aspects are covered. The difference between costs calculated in the budget quotation 
and the actual costs is reduced. 

• The configuration system ensures that the salesperson obtains all the necessary 
information before the budget quotation is made. 

• The application of default values means that a quotation can be made at an early 
stage with only very little customer input. 

• It becomes possible to simulate different solutions for the customer. 

• The configuration system can optimise the cement plant in relation to, e.g., the 
selection of previously produced parts and parts produced by FLS companies. 

• Communication with the customer can be improved. Quotations generated by the 
system are targeted to business people, i.e., they focus on the plant’s main 
performance aspects and basic technical matters that influence its price and/or 
the performance. 
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In addition, the configuration system enables the company to optimise the cement plant in 
relation to parts already constructed and in use within the FLS group. Thus, one of the 
most important benefits of the configuration system is that customers can be led to select 
F.L.Smidth standard solutions instead of specialised/customised solutions, which, when 
viewed in the context of the overall project, are often of rather secondary importance to 
the customers while being major cost drivers for the manufacturer. Specialised solutions 
result in a significantly higher workload, leading to delays and uncertainty for the whole 
project. F.L.Smidth learned that most customers prefer a mass customised solution 
(consisting of standard parts and components) at a fixed time and price to a customised 
solution, which is more expensive and has longer lead times. 

Finally, today’s employees of F.L.Smidth consider the configuration project as a 
major means of internal knowledge sharing. The process of modelling the product variant 
master, class model, and CRC cards has offered a unique opportunity to establish an 
overview of the total scale of cement plants that F.L.Smidth seeks to offer the market. 
Also, the application of the configuration system has facilitated the sharing of 
experiences from individual customer-specific projects. The configuration system has 
introduced a new way of working at F.L.Smidth: as the company has grown more aware 
of experience between the individual customer projects, improvements and the 
optimisation of its offerings and sales process are becoming an ongoing activity. In order 
to strengthen these achievements, an independent department responsible for 
modularisation and configuration has been established. 
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Abstract: miadidas (my individual Adidas) is the mass customisation offering 
of Adidas AG, a leading international sporting goods corporation. Introduced in 
2000, the programme allows customers to co-design a custom athletic shoe 
according to fit (size and width), performance criteria (insole, cushioning, 
outsole characteristics), and style (colour combinations, custom embroidery), 
thus providing a service that had previously only been available to top athletes. 
The case describes the evolution of mass customisation at Adidas and analyses 
how the company can efficiently integrate the miadidas process into its existing 
inline (standard) production and distribution processes. 
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1 Introduction: mass customisation in the athletic shoe industry 

1.1 Market situation and industry structure 

The international athletic shoe industry is a rather segmented industry with numerous 
brands and manufacturers. In 2004, approximately 710 million pairs of athletic shoes 
were produced and sold worldwide. The industry consists of three major players on the 
supply side, brand owners Original Equipment Manufacturers (OEMs), manufacturers 
(suppliers), and retailers: 

1 Brand owners – brand owners (OEMs) focus on spotting new trends, adapting them 
to innovative footwear designs, and targeting consumers with adequate products. 
Four major brands share about two-thirds of the market. Nike is the market leader 
with a worldwide market share of 33.3% (in 2004), followed by Adidas (15.5), 
Reebok (9.6), and Puma (6.9). Reebok was acquired by Adidas in summer 2005, but 
is planned to continue operating as a separate brand company. The large brands no 
longer manufacture by themselves, but rely on outsourcing to large manufacturing 
companies in Southeast Asia. Nevertheless, brand owners are in control of the entire 
value chain, as the brand name is a product’s most important asset. This makes them 
responsible for overall product quality, product innovation, development, service 
level, and brand image. Sound prognosis skills, lean contract manufacturing, and 
good supply chain management along with a strong brand management are seen as 
critical success factors of OEMs. 

2 Suppliers – manufacturing of athletic shoes still relies on human labour to a large 
extent, even in modern manufacturing settings. In consequence, manufacturing 
facilities are almost exclusively located in low-wage Asian countries. Facilities are 
located closely to third-tier suppliers of fabrics and synthetics, which also take 
advantage of low-wage levels. Manufacturers utilise mass production systems with 
standardised processes and large lot sizes; their core competence is high quantity, 
low-cost production. The final products are shipped as containerised freight to the 
target markets. Most of the manufacturers produce footwear for several of the big 
brand owners – even if they are competitors. Manufacturers also play an important  
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role in the final stages of a new shoe model’s design process. Once a new design has 
been developed and approved by the brand, manufacturers are initially responsible 
for adapting it to a manufacturing specification and finalising the product layout. 

3 Retailers – up to now, most customers only purchase athletic shoes via retail outlets. 
Brand owners support retail activities with advertisement and point-of-purchase 
promotions like displays and demonstrations. There are different types of retailers: 
specialised athletic shoe shops (mostly in the running segment), general sportswear 
outfitters, and conventional footwear retailers (which also carry shoes other than 
athletic footwear), department stores, and discounters. For all types of retailers, top 
athletic shoe brands act as a pull factor and represent a ‘must have’ in their 
assortment mix. In order to enhance their brand image, leading brands like Adidas, 
Nike, or Puma have started to open company-owned flagship stores over the past few 
years. For the first time ever, this allows them engage in close, direct contact with 
their end-consumers. 

1.2 Competitive challenges 

After some years of decline and decreasing sales volumes (which did, however, not affect 
sales figures in dollar terms due to increasing average prices), 2004 was a promising year 
for the international athletic shoe industry. US industry revenue rose 4% as a result of 
increasing prices and larger sales volumes. Despite a weak market in Europe, a positive 
development in Latin America and Asia confirmed an overall optimistic trend. Still, all 
major athletic shoe brands are faced with similar competitive challenges. 

First, traditional borders between market segments have been blurred. Starting in the 
late 1980s, sports and fashion began to merge. Athletic shoes, which used to be shoes just 
for athletes, advanced to trendy footwear for every occasion. Simultaneously, traditional 
shoe products adopted more and more athletic aspects, and big fashion brands penetrated 
the athletic shoes market. ‘Street fashion’ evolved as a new market segment in the 
footwear sector with products depending on an appealing design and a strong brand 
image. This development provided a new competitive position for traditional athletic 
shoe brands such as Adidas, Nike, or Puma. 

Second, technological innovation on the product level is still of highest importance. A 
major driver in this regard is the development of jogging as a common sport. Sales in this 
market segment have increased more than 50% since 2000. During the same period, 
the industry was able to increase the retail price level in about the same range, 
making running shoes one of the largest sources of revenue today. Consumers have been 
willing to pay this premium due to a steady stream of innovations on the technological 
level in this segment, e.g., better outsoles, innovative cushioning systems, or new 
fixing mechanisms. 

Third, all major brands face the challenge of a rapidly growing product variety 
and assortment complexity. Customers of athletic shoes can roughly be classified 
into professional athletes, recreational sportsmen, fashion-oriented consumers, 
convenience-oriented consumers, and bargain hunters. Each customer type prefers certain 
styles and retail outlets. Professional athletes focus on the fit and functional aspects of 
their shoes, which are sometimes even hand-drafted for them by the manufacturer. 
Recreational sportsmen are the conventional target group of specialised retail outlets. 
Their focus lies on the latest technology, e.g., cushioning systems or material. They are 
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innovation-aware and often show a high willingness-to-pay. Fashion-orientated 
consumers, on the other hand, are very much driven by peer recognition and seek the 
latest designs, which are often available at fashion boutiques or high-end department 
stores instead of at traditional athletic retailers. 

Since all customer types represent valuable market segments for branded athletic 
shoes, brand owners have to fulfil a broad variety of consumer needs. Variety is also 
driven by different country and retail strategies. Assortments are strongly influenced by 
the local country subsidiaries of all retailers, taking local styles and design preferences 
into account. Within one market, assortments are further localised at the retail level. The 
assortment of a brand for one specific retailer can be totally different than the assortment 
of another retailer in the same city. The objective of this differentiation is to prevent 
direct price competition. As a result, variety has exploded. Assortments of several 
thousands of different Stock-Keeping Units (SKU) per season are the norm, not an 
exception. Given that the internal planning and merchandising process takes about 18 
months while the average product life cycle of many end-products is much shorter, one 
can estimate the extent of planning complexity faced by the OEMs and their suppliers. 
Despite heavy investments in supply chain management and enterprise resource planning 
systems, such complexity causes errors and faulty planning. The results are huge 
overstocks, discounts to get rid of shelf warmers, and unsatisfied customers unable to 
find what they want when a specific popular variant sells out fast. These developments 
have made make forecasting and planning activities more difficult than ever. 

1.3 Mass customisation offerings of major sporting goods brands 

The situation described above makes mass customisation an appealing strategy in this 
particular industry. Producing shoes on demand would reduce the forecasting complexity 
on the end-product level. It would also add an important service component to the 
relationship between consumers and the brand. Until recently, most brands had only 
direct relationships with a small, elite group of VIP customers – top professional athletes. 
Direct connections with end-consumers did not exist. Product development was based on 
information about consumers generated by external market research providers and trend 
researchers. In regard to transactions, the brand owner was separated from its customers 
by a network of local subsidiaries, wholesale retailers, and retail partners. 

Mass customisation is able to overcome the challenges presented by the current 
market structure. It is a useful strategy to escape the increase in product variety and, at 
the same time, to better fulfil customer needs and build closer customer relationships. 
And actually, the athletic shoe industry is one of today’s most developed industries in the 
consumer domain in regard to mass customisation (see Table 1): almost all large brands 
have launched a mass customisation programme within the last decade. Nike was the first 
with its programme Nike iD in 1998 already. At the Nike iD website, consumers can 
choose between some styles of different standard models and get their name or other 
letters printed on the shoe (for more information see http://nikeid.nike.com). A new 
offering is that of Puma, which also offers different options in regard to aesthetic design. 
However, unlike many other companies, the individual product range is distributed via its 
own flagships stores and is based on an in-store configurator (for more information see 
www.puma.com). Currently, the product offering is being tested in eight different 
countries (test period from June to December 2005). Considering the information 
presented in Table 1, one can see that mass customisation in this industry primarily 
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regards the aesthetic design and product style. This might reduce the fashion risk and 
provide a new dimension of differentiation from competitors for the first time. Yet 
customisation at the level of aesthetic design does not only address the demands of the 
core segment of many athletic shoe brands, people who actually use athletic shoes for 
sports. Today, Adidas is the only OEM offering a mass customisation programme that 
combines fit, function, and aesthetic design. This programme will be discussed in more 
detail in the following. 

Table 1 Examples of mass customisation for sneakers on the US market 

Brand, name of the 
customisation programme, 
year of introduction 

Customisation options, price 
range, distribution channel Scope of programme 

miadidas  
(http://www.adidas.com) 
since 2000 

Retail-based 

Custom fit and design 

Price range: 140–160 USD 

Six shoes (two running shoes, one football, 
tennis, indoor, and basketball shoe, 
respectively) 

Three areas of customisation: fit (length and 
width of each foot), performance (outsole 
and midsole options, and seasonal upper 
materials), and aesthetic design 

Converse  
(http://www.converse.com/ 
converseone) 
since 2004 

Internet-based  

Aesthetic design 

Price range: 60 USD 

Three shoes (high and low Chuck Taylors, 
and Jack Purcells) 

Custom colour and embroidered lettering 

Nike iD  
(http://www.nikeid.com) 
Since 1998 

Internet-based 

Aesthetic design 

Price range: 50–80 USD 

Fifty-one shoes (31 for men, 17 for women 
and three for kids), six bags, five watches 
and three golf balls 

Custom colour and lettering 

Puma Mongolian BBQ  
(http://www.puma.com/ 
mongolianbbq) 
since 2005 

Retail-based 

Aesthetic design 

Price range: 100 USD 

Individual style by combining different 
parts of the shoe on kiosks installed at 
selected Puma locations 

Very tactile with a DIY flavour 

Reebok  
(http://www.rbkcustom. 
com) since 2005 

Internet-based 

Aesthetic design 

Price range: 60–80 USD 

Two shoes 

Custom colour and patterns 

Vans  
(http://shop.vans.com) 
since 2005 

Internet-based 

Aesthetic design 

Price range: 50–60 USD 

Two shoes 

Custom colour and patterns 

Timberland  
(http://www.timberland.com/ 
customboots) since 2004 

Internet-based 

Aesthetic design 

Price range: 170–180 USD 

Six shoes (two for men, three for women, 
two for kids) 

Many colour options. 

FootJoy GolfShoes  
(http://www.myjoys.com) 
since 2003 

Internet-based 

Custom fit (limited) and 
aesthetic design 

Price range: 140–165 USD 

Popular golf shoe 

Custom colour and individual length and 
widths for both right and left shoes 

JG Customs  
(http://booktown.com/ 
jgcustoms) since 2003 

Internet and retail-based 

Aesthetic design 

Price range: 300–400 USD 

DIY approach (small user company 
modifying standard Nike shoes with its 
own creations) 

Real personalisation, hand painted, small 
batch sizes 

Source: Piller (2005b) 
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2 miadidas: the mass customisation programme of Adidas 

2.1 Company background 

Since the 1930s, Germany’s Herzogenaurach-based Adidas AG is one of the leading 
providers of sporting equipment. After facing turbulent times in the 1980s and early 
1990s (the company was forced to declare bankruptcy in 1990), Adidas managed a 
turnaround by focusing on market needs and re-establishing a strong brand image from 
1993 on. Once again, the company became a leader of product innovation, and also 
created a number of new market segments based on a differentiation of assortment and 
styles. Over the last years, Adidas did rather well and secured its leading position in the 
worldwide sports industry (turnover increased by 3.4% in 2004). Since its acquisition of 
Reebok in 2005, Adidas is the world’s second largest sports company. Today, three 
company divisions target different customer types: The ‘sport performance’ division 
offers products for sportive people and athletes. ‘Sport heritage’ focuses on fashionable 
street wear in the footwear segment. The third division, ‘sport style’, is linked to the 
future of sportswear. It focuses on Adidas’s fashion leadership in the market for upscale 
fashionable products. 

Traditionally, all Adidas products have been sold by retail partners. In 1999, Adidas 
began establishing its own retail outlets, primarily so-called concept stores in larger 
metropolitan cities. By mid-year 2004 already, 15 Adidas flagship stores had been 
opened. These shops support the establishment of direct contacts between Adidas and its 
customers, and serve as a brand-building activity. However, according to Adidas CMO 
Erich Stamminger, sports retailers will remain the most important distribution channel in 
the future. 

Table 2 Overview of company data 

Name Adidas AG 

Address Adi-Dassler-Str. 1–2 

91074 Herzogenaurach 

Germany 

URL www.miadidas.com 

Year of foundation 1949 (mass customisation introduced in 2000) 

Number of employees 15 686 

Industry Sports industry 

Products Athletic shoes, apparel, gear 

Markets Worldwide 

Source: www.adidas.com 

2.2 Adidas’s mass customisation offering 

In 1998, the product development team of Adidas had already assumed that 
implementing custom manufacturing could become a promising option to manage the 
costs of variant explosion and broad product assortments due to the growing 
heterogeneity of demand. An initial internal pilot initiative was started during this time. 
The project group (led by Christoph Berger, who later became the head of the 
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customisation unit), developed its first customisable product range and launched it in test 
markets in 2000. This market test went very well, and the customisation offering was 
therefore introduced as its own product unit on Adidas’s most important international 
markets. Dubbed miadidas (my individual adidas), it is now one of the leading mass 
customisation offerings in the industry. Its target group are (semi-)professional athletes 
and recreational sportsmen who regularly and earnestly pursue sports. The price for a 
custom pair of miadidas shoes lies at around 30% to 50% above the price of the 
comparable inline (standard) product. 

Figure 1 provides an overview of the process structure behind the miadidas value 
chain. The process starts in a dedicated retail unit where customers and retail personnel 
interact in an intense co-design process. Customisation options include the fit (size and 
width), performance criteria (insole, cushioning, outsole characteristics), and the aesthetic 
design (colour combinations, custom embroidery). This degree of customisation had 
previously only been available to football stars like David Beckham, or top running 
athletes such as Haile Gebrselassie. After an individual order is placed, it is sent to the 
national sales system where it is forwarded to the international sales system and the 
manufacturer. After order processing, the custom shoes are made to order in one of 
several Chinese factories. After production, the shoes are shipped to the retailer 
responsible for informing the customer of its arrival. The overall delivery time is around 
three weeks. The process ends when the customer comes back to the retail store to pick 
up the shoes. 

Figure 1 The miadidas fulfilment process 

Source: Berger (2005) 
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2.3 Stages of development 

Since its launch in 2000, the miadidas programme has been continuously developed. 
From phase to phase, the distribution, manufacturing, sales and product strategy 
were altered and adjusted according to past experiences. The different phases are 
described below. 

• Piloting 

The first phase was characterised by the miadidas pilot project in 2000. The aim was 
to evaluate the feasibility of the offering during a two-month trial period in which 
one model of custom (football) trainers was offered at six different events around 
Europe. The overall feedback by customers and participating retail partners was very 
positive and formed the foundation for the following phases. In different local 
markets, the pilot helped evaluate the possible degree of available variety and the 
perception of this totally new kind of shopping experience from the consumer 
perspective. Knowledge gained in this stage was used to reengineer the sales and 
backup processes, as well as the product models, and to update the system to its 
present appearances (Seifert, 2002). 

• First rollout 

In the second phase (2001), two further models were offered (for running and 
tennis). In addition to selling the miadidas shoes at special events, sportswear 
retailers were also asked to participate by testing the product offering. More than 
1000 retailers applied to host one of the several miadidas tours; 100 were ultimately 
selected. Evaluation of this second phase was very positive. Most participating 
retailers called for a continuation of the miadidas programme. However, within the 
Adidas corporation itself, the programme was still regarded as an experiment 
and pilot. 

• Growth and expansion (third and fourth phase) 

After a positive evaluation of phase two, the decision was made to establish miadidas 
as a permanent offering within the Adidas product range (third phase, 2003–2004). 
The line of products was enlarged to its current scope of four kinds of sports 
(football, running, tennis, and indoor). In addition to the Adidas-owned concept 
stores, more retail outlets were added (fourth phase, 2005). Adidas also started to pay 
more attention to the commercial side of miadidas by introducing volume and profit 
targets for the participating regional sales departments. During this phase, the first 
units were introduced on a permanent basis in selected outlets as part of a shop-in-
shop solution (see Figure 2).  

• Sustainable business model (fifth phase) 

miadidas’s recent position within the overall strategy of Adidas is to support the 
brand image and enhance the other (inline) products in the performance range. The 
objective is to create a unique brand experience. Adidas wants to position itself 
as an innovative player on the market and improve relationships with its users. 
This marketing-orientated strategy has paid off well: today, miadidas is widely 
accepted as the best brand supporting activity the company has ever had (and a 
marketing tool that is actually generating profits instead of just making a dent in the 
marketing budget). 
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Figure 2 A mass customisation sales unit of miadidas 

Source: Berger (2005) 

This value proposition for miadidas, however, is not sustainable on a long-term basis. A 
mass customisation operation that solely serves a marketing purpose is neither scalable, 
nor a serious business unit in comparison to other offerings. Yet even if miadidas would 
exponentially grow within the next decade, it would still only make a minor contribution 
to the total sales volume of 110 million pairs of shoes per annum. miadidas’s sales are not 
seen as large enough in order to justify the implementation of a completely independent 
process organisation. In such, Adidas’s management has realised that it must integrate the 
miadidas process more deeply in the existing inline (standard) production and distribution 
processes (literature on mass customisation has addressed this demand for integration 
between a mass customisation and mass production programme in the past (cf. Berger 
et al., 2005; Kotha, 1995; Piller, 2005a; 2006)). Product development, manufacturing and 
logistics of the custom footwear programme have to be integrated in existing mass 
production processes. Furthermore, sales in permanent locations gain significance. The 
sales process for custom shoes must become part of the existing distribution network; 
special retail events and tours become less significant. Although the selling of miadidas 
requires a separate unit for configuring the individual shoes, exclusive miadidas stores 
will be not sustainable. However, the standard assortment and fulfilment process might 
also benefit from a deeper integration in a mass customisation programme. Against this 
background, the remaining case will examine how miadidas’s processes should be 
enhanced and further developed in order to make mass customisation a sustainable 
business model for the athletic shoe giant. 
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3 Re-defining Adidas’s mass customisation strategy 

The success of miadidas builds on five distinctive capabilities for mass customisation. 
Managing the product development process and mastering custom manufacturing and 
logistics are two capabilities that take place without any direct customer interaction, but 
are closely aligned to the mass production system. On the other hand, customer 
interaction (co-design), customer relationship management, and the generation of 
aggregated customer knowledge all take place in direct interaction with each customer of 
a miadidas product. In the following, we will analyse how mass customisation and mass 
production can be further connected within these five areas. 

3.1 Product development and the miadidas product architecture 

The underlying concept of miadidas is a modular product architecture allowing 
customisation within the three dimensions of fit, performance and aesthetic design. The 
fit dimension is characterised by a large number of length options and up to four available 
widths depending on the shoe model. The resulting combination of possibilities far 
exceeds the number of sizes in the inline programme. However, customer’s feet 
measurements are matched to an existing length/width-combination and no individual 
lasts are produced. The performance dimension permits customisation of outsoles, 
midsoles, and upper material. The third dimension, aesthetic design customisation, allows 
individual colouring of different shoe elements resulting in up to 140 possible colour 
combinations depending on the shoe model. In addition, individually-selected embroidery 
finalises the miadidas customisation. Figure 3 provides an overview of these 
customisation options for one specific miadidas shoe (the Pretador Pulse, a football shoe).  

Figure 3 Customisation options for one example miadidas shoes 

 

 

mi fit: 

• individual length 

• 2–4 widths 

mi performance: 

• outsoles 

• midsoles 

• sock liner 

• upper materials 

mi design: 

• up to 140 colour combinations (base, accent, 
highlight colours...) 

• personalisation (embroidery; name, player 
number) 

Source: Berger (2005) 
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While this modular structure allows a high degree of flexibility to meet customer 
preferences, its original development is more complex and costly than the design of an 
inline shoe. In order to enhance efficiency, all miadidas models are based on an existing 
inline shoe, usually the top model within one range, i.e., the Predator is the top football 
shoe in the regular Adidas assortment. The original reason behind basing the miadidas 
architecture on an existing shoe was motivated by three considerations: 

1 Production steps and materials for the custom shoes are already known to the 
supplier, thus reducing the complexity of manufacturing. 

2 Using the same materials, components, and machinery can achieve economies of 
scope during the production and procurement, and also within the new product 
development process. 

3 Consumers have a clear reference point when considering the purchase of a custom 
shoe, both in regard to the performance criteria of the product and its price point. 

The product development process for the miadidas programme follows the product 
creation process of the mass production lines, a typical stage-gate process. On average, it 
runs about 17 months from the original product idea to the start of production and sales. 
In the first product development phase (product marketing), product management decides 
on a new product concept with regard to its product range, positioning, and contribution 
to the brand’s image. Then, initial product ideas are turned into design-oriented concepts 
based on sketches. In this design phase, all departments from management, marketing, 
design, development, costing, and regional sales are involved. Product concepts are first 
presented to key regional sales departments for evaluation. Once a concept is approved, 
physical prototypes are produced and evaluated by all relevant departments (development 
phase). Final alterations are made. It is during this development stage that the miadidas 
team gets involved. Based on the existing prototype of a standard model, the different 
customisation options for the model are determined, which define the model’s future 
solution space. The final stages of the development process for a miadidas model are 
separated from the inline process. In the general commercialisation phase, the prototype 
is graded to all adequate production sizes and prepared for the manufacturing process. 
This stage is performed in close interaction with the supplier for this particular model, 
and the shoe is also presented to the sales offices and all key-accounts (retailers). 
Pre-orders are taken, production is scheduled, and procurement of materials commences. 

Commercialisation of the miadidas shoe, however, demands some distinctive new 
activities. These basically include testing the product features that vary from the inline 
product and the development of additional lasts, since the custom shoes are offered in a 
larger number of sizes. Shoes sizes and fitting options are transferred to a fitting matrix in 
order to determine the sizes of the try-on samples for the selling process (see below). In a 
next step, the miadidas unit develops a detailed forecast and sales plan together with the 
regional sales departments of those countries where the miadidas shoe is to be offered. 
The forecast serves as the basis for planning all purchasing, manufacturing, and logistics 
activities. However, unlike inline models, the forecasting of custom products 
manufactured on demand can only result in a framework agreement, not in a detailed 
production schedule. 

When reviewing the product development process of both miadidas and the inline 
shoes, it is obvious that there is already a large degree of alignment between both 
processes. However, in today’s model, knowledge and experience are transferred from 
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the mass production operations to the customisation operations, but not vice-versa. Both 
development processes, however, result in two basically identical shoe models; one 
version is sold as an inline (mass) product and the other as a miadidas product with a 
number of customisation options. Adidas could achieve a strong leverage effect if the 
inline products were also interpreted as just (one) configuration within the customisation 
space. The industry analysis has shown that specific retail requirements are a major cause 
of the variety explosion of standard models. An integrated system in which all variety of 
the entire product assortment would be based on one basic product architecture per model 
could dramatically reduce the overall complexity. Such a system might be the common 
situation in the automotive industries. In the footwear industry, however, this system 
would lift product development, complexity management, and the merchandising process 
to a new level of business maturity. 

3.2 Manufacturing and logistics 

miadidas shoes are manufactured by external Asian suppliers. Because of Adidas’s strong 
market position, the firm was able to use its purchasing power to acquire qualified Asian 
shoe manufacturers for the individual product range – the same manufacturers that also 
receive the order to produce the comparable inline (standard) product in huge quantities. 
Combining mass manufacturing and mass customisation in one factory provides a 
number of benefits, as already discussed in the last section (Seifert, 2002). The 
comparatively small sales volumes of miadidas do not justify the implementation of a 
separate factory or manufacturing line at the moment. In consequence, the requirements 
of a mass customisation manufacturing process have to be fulfilled within the mass 
production operations, or in dedicated flexible production systems of the suppliers such 
as the sample room. Sample rooms are in fact rather large production facilities with 
highly qualified workers and flexible processes. They not only produce the prototypes 
used in the various stages of the new product development process, but are also regularly 
used for small production batches, special editions, or re-orders. From a mid-term 
perspective, though, a sample room is not a stable and cost efficient manufacturing 
location for a mass customisation business model.  

Beyond the efficiency of manufacturing operations, the coordination of the overall 
logistic process plays a central role. This is the only process in which the mass production 
and the mass customisation systems are totally different. The logistic process requires the 
involvement of different internal departments and several external partners. The 
maximum lead time is 21 days (from taking the customer’s order to delivering the 
customised shoes). After a custom shoe is configured (see below), a technical document 
is generated and sent to a central order processing department (ESC). The system also 
generates an order that has to be approved by the national and international order system. 
After order approval, the factory receives the official purchasing order together with the 
technical document. Simultaneously, the logistic provider (the firm DHL) is informed 
about the forthcoming delivery order. After the manufacturing process is completed, 
DHL delivers each individual shoe directly to the order initiating retailer, who informs 
the customer about the goods’ arrival. At the same time, the central customer service 
department receives the technical certificate and the order completion information in 
order to be able to handle any customer claims or questions. 
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3.3 Customer interaction and distribution network 

From the consumer perspective, purchasing a pair of custom Adidas trainers is a new and 
different experience compared to buying standard shoes. The selling process consists of 
five stages, which are all performed by a trained sales expert (called product trainer; see 
Figure 4). All steps are carried out with the help of a configuration system, a PC-based 
sales kiosk leading the customer and product trainer through the entire interaction 
process. The system visualises the results and connects the point of sale with the 
fulfilment system. 

1 During check-in, basic customer data like name, address, and weight are entered into 
the sales system. 

2 Next, measuring and scanning begins. The customer’s feet are scanned to determine 
the exact length, width, and pressure distribution of each foot. Together with the 
product trainer, the client reviews the result of the scan on a monitor. 

3 Once customers have stated their individual fit preferences, fitting starts. During this 
phase, which is the most critical configuration phase, customers are offered a sample 
shoe (based on their measurements) from a large number of fitting boots available at 
each sales unit. Often, the subjective feeling of the best fitting shoe is different from 
the system’s recommendation. In this case, customers can try a slightly different size 
until the best fitting shoe is found. 

4 Next, in the performance phase, customers choose from a number of performance 
options, particularly soles or upper material. 

5 In the final design phase, colour elements are selected together with embroidery for 
each pair of trainers. 

Today, miadidas products are sold via three main channels (see Berger et al., 2005 for a 
detailed analysis): 

1 Events at selected sportswear retailers – the system is promoted to Adidas’s retail 
partners as a ‘retail innovation’ that helps them improve their store’s image and 
differentiate them from competitors in their local market. The individual retailer is 
responsible for the marketing prior to and during the event, and takes care of the 
billing process. The interaction process, however, is carried out by Adidas personnel. 
An event lasts about two to four days. In 2005, retail events were held in more than 
20 countries throughout the world. 

2 Sales events during major sporting events (e.g., major marathons or the Fifa World 
Cup) – During these events miadidas is a major means for Adidas to demonstrate 
performance and creditability to the core target group of (semi-)professional athletes. 

3 Permanent installations at dedicated retail outlets – this channel is the latest 
completion of the distribution strategy of miadidas, and will become the most 
important future channel. Up to now, the company has already installed 11 
permanent units worldwide. These installations are located in both independent 
department stores and the company’s own flagship stores (so-called Adidas concept 
stores). However, to make miadidas a stand-alone business model, this distribution 
network must be further expanded. Even if Adidas would open a large number of its 
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own stores carrying the miadidas assortment within the next few years, these shops 
would never have the capacity for a scope of distribution anywhere near the existing 
distribution network for standard shoes. A long-term sales strategy has to include 
sports generalists’ stores, which are currently the stronghold of sales for Adidas. 
Figure 5 shows the planned development of the sales strategy for miadidas. 

In addition, the sales system provides opportunities for further integration between the 
inline (standard) and the miadidas assortment. From the customers’ perspective, both 
product lines could be integrated. Consumers looking for a new athletic shoe would 
always be able to engage in the miadidas interaction process in regard to fit and 
performance, as described above. If the sales kiosk also held information about the inline 
assortment of a given store, it could match the customer’s preferences not only within the 
miadidas range, but also with standard shoes available at that particular store. For 
customers, customisation provides no benefit per se; they simply want a product as close 
to their preferences as possible. If an existing inline shoe can fulfil their demands, it just 
might be the best solution. 

Figure 4 Configuration process 

  

 

 

Measuring and scanning Fitting 

 

Performance Aesthetic design and colour selection 

Source: Images courtesy of Adidas 
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Figure 5 Expansion of the miadidas distribution strategy 

3.4 Re-orders and customer relationship management 

One of the largest opportunities of a mass customisation system is its ability to generate 
constant sales based on re-orders placed by existing customers. miadidas could become 
the company’s premier tool for increasing customer loyalty (Pine et al., 1995; Berger 
et al., 2005). Customer data such as fit preferences can be used not only to fulfil the first 
order, but also to simplify re-orders. The resulting closer relationship could re-kindle 
brand loyalty, provide a competitive opportunity for differentiation, and increase the 
‘share of customer’ (i.e., the aggregated profits a firm makes with one single customer). 
As re-orders can be based on existing data, they can be performed most efficiently over 
the internet in direct interaction between the customer and Adidas. For first-time 
customers, a pre-configuration opportunity on the internet could also provide additional 
benefits. Adidas had not yet implemented an online configuration system for direct 
end-consumer usage at the time of writing this case, but plans to do so in 2006.  

While an online configurator will be an important enhancement of the recent process, 
it may also become a major challenge: who owns the customer data and who will take 
re-orders when the first sale was initiated by an independent retailer, when re-orders are 
performed online via Adidas’s configurator? From a consumer’s perspective, direct sales 
are often more comfortable. But then again, why should a retailer invest in getting a 
customer into the system during the first interaction when the fruits of that contact are 
likely to be reaped by the brand owner? One possible solution might be the 
implementation of a distribution relationship management system (Pfeiffer, 2005). Such 
a system allows brand-owning manufacturers to sell directly online to end-customers 
while simultaneously preserving the relationships they have established with their 
traditional distribution channel partners. During the online purchase process, customers 
identify their appropriate offline retailer or distributor who becomes the ‘owner’ of these 
customers and follows up with customer service activities. Solving this issue of how a 
retailer can be motivated to collect feedback data (after delivering the goods) and share  
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this data with the manufacturer will become a major issue for Adidas when scaling-up the 
system. Within this context, the definition of a new kind of incentive and provision 
system will become necessary. 

3.5 Generation of customer knowledge and continuous product evolution 

Traditionally, most information on customers’ shopping habits and preferences regarding 
trends, design, performance, and fit has been accumulated at the retail level. Adidas was 
only able to access this information by surveying retailers (often resulting in a rather 
filtered transfer of the information) or by conducting (costly) market research. Mass 
customisation offers a unique opportunity to obtain first-hand market research data by 
aggregating the data on individual customers to customer knowledge (Kotha, 1995; 
Piller, 2006). The results from such an analysis build the basis for improving the 
customised product line, as well as standard lines by providing more accurate forecasting 
of customer needs and trends. The mass customisation segment can be seen as providing 
panel-like market research information. Data such as colour combinations selected in the 
co-design process are important in order to improve the appeal of standard models. 
Presently, however, this idea is still at a rather conceptual level for the company. A 
systematic approach to transfer information from the mass customisation programme to 
product planning of the inline product has yet to be implemented. 

4 Case assessment 

A SWOT analysis of miadidas reveals a set of distinguished strengths, weaknesses, 
opportunities, and threats (Table 3). The main advantages of mass customisation for 
Adidas are its contribution to brand building and positioning the company uniquely on 
the market. Both aspects build a good basis for future growth of the miadidas business. 
Challenges can be found primarily within the mass production-dominated processes. 

With its mass customisation business, Adidas holds a strong position in today’s 
athletic shoe market. No other competitor offers a product with such a high degree of 
customisation. The largest competitors in the mass production market, Nike and Puma, 
only offer the aesthetic design customisation of athletic shoes. By offering fit and 
performance customisation in addition to this, Adidas has tapped the full customisation 
potential to dominate the market for mass customised athletic shoes. However, in order to 
ensure continuous growth and profitability, the company must continue to examine 
current processes and re-design them in order to create the best possible ‘fit’ between the 
requirements of its mass customisation business and the mass production value chain. As 
already mentioned, miadidas is no longer a pure marketing instrument, but its own profit 
centre. As a consequence, Adidas must solve several primary challenges. Through the 
integration of various functions and activities along the entire value chain, enormous 
efficiency potential could be leveraged. In particular, as outlined above, the integration of 
product development, customer integration and sales activities, manufacturing, and 
customer relationship management should be pursued. Moreover, the company has to 
expand upon its customer interaction processes by introducing another online product 
configuration system other than the miadidas shop unit. In doing so, re-orders on the 
internet will be made possible, and stronger customer relationships can be built. 
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Table 3 SWOT analysis of miadidas 

Strengths Weaknesses 

First mover advantage, strong learning 
curve efficiencies  

Dedicated mass customisation business unit 
with sufficient resources and competencies 

Adequate financial resources for financing 
future growth 

Close customer contact at the miadidas 
shop unit 

Less fashion risks, discounts, and 
inventory costs 

No configuration system available for online 
sales  

No relationship management system 
implemented to facilitate re-orders 

Dependence on external partners in 
manufacturing and logistics (scalability?) 

High logistic costs due to manufacturing in Asia 

Unstable processes, unsolved conflicts from 
integrating the mass customisation system in the 
inline system 

Opportunities Threats 

miadidas is the only full customisation business 
in the athletic shoe industry (three 
customisation options: fit, performance, and 
aesthetic design) 

Possibility to build strong customer 
relationships 

Access to aggregated market information can 
continuously improve inline assortment  

Opportunity to turn mass customisation 
platform into a major product planning and 
variety management tool for the entire division 

Unknown market potential for custom footwear 

Potentially limited willingness-to-pay for 
custom shoes 

Rather long delivery times may hinder growth 
when new customer segments are targeted 

Customisation is losing differentiation appeal as 
competitors create similar offerings 

Potential channel conflicts about ownership of 
customer data 
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Abstract: The Finnish footwear industry has had a difficult time since the end 
of the 1980s. The companies that have managed to survive are either innovative 
or specialised. Pomarfin is one such survivor. After a market analysis, the 
firm’s management concluded that individualism could become a dominant 
trend. Using modern technology combined with a long tradition of shoe 
manufacturing, Pomarfin succeeded in manufacturing mass customised shoes. 
Its new brand, left® foot company, is specialised in mass customisation. Early 
results of left® foot company are promising. It has become an international 
brand with outlets in many countries and continues to grow at quite a fast rate. 
This case examines how left® foot company operates and discusses some of its 
success factors. 

Keywords: mass customisation; footwear industry; scanning; competences. 

Reference to this paper should be made as follows: Sievänen, M. and 
Peltonen, L. (2006) ‘Mass customising footwear: the left® foot company case’, 
Int. J. Mass Customisation, Vol. 1, No. 4, pp.480–491. 

Biographical notes: Matti Sievänen is a Senior Researcher at the Cost 
Management Centre of the Tampere University of Technology (Tampere, 
Finland). The Cost Management Centre is a research group that operates in 
close collaboration with industrial organisations. Its research projects focus on 
innovations of management accounting and their industrial implementations. 
Sievänen holds a PhD in Industrial Management and Engineering. His research 
interests lie in management accounting, product variety management, and 
customisation. Sievänen has been published in The Finnish Journal of Business 
Economics, Industrial Marketing Management, International Journal of 
Production Economics, and Technovation. 

Linnea Peltonen is a PhD student of Industrial Management at the Tampere 
University of Technology. She holds an MS in Industrial Management and 
Engineering from the Tampere University of Technology. Her research 
interests are related to mass customisation in the textile and apparel sector. 
Peltonen is currently employed by the Marimekko Corporation. 

 



   

 

   

   
 

   

   

 

   

    Mass customising footwear: the left® foot company case 481    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

1 Introduction: the footwear industry and footwear market in Finland 

There have been big changes in the Finnish footwear industry over the past decades. The 
industry’s golden age was in the 1980s. In contrast to other market economy countries, 
footwear production in Finland increased in the early 1980s primarily due to high oil 
prices and the clearing trade with the Soviet Union. At its highest level in 1985, 
production was around 10 million pairs annually, approximately 40% of which were 
exported to the Soviet Union. Trade with the Soviet Union declined in the late 1980s and 
practically ended in 1991 with the collapse of the Soviet Union. This had a dramatic 
effect on the Finnish footwear industry. At the same time, imports from low-wage 
countries increased significantly, which made the economic environment even tougher. 
For example, imports from China increased from 2.6 to 8.7 million pairs of shoes 
between 1990 and 1994. Since then, imports have declined and the total imported volume 
in 2003 was approximately 13.4 million pairs. During the past 15 years, Finnish footwear 
companies have been struggling to survive. In 1989, there were over 4300 employees in 
footwear production, but the number of employees had dropped to 1500 by 2003. During 
the same period, the production volume declined from 6.6 to 2.7 million pairs (all 
statistical data provided by The Association of Finnish Shoe and Leather Industries). 
Much like the footwear industry, the Finnish footwear market has also changed over the 
last 20 years. The number of private shoe retailers has declined by 80% and a few big 
retail and department store chains now dominate the market. The total volume of 
manufactured footwear in 2003 was 15.2 million pairs. It has declined slightly since the 
mid-1990s, when roughly 17 million pairs had been produced. In comparison, supply was 
at its highest level in 1990 with 20.5 million pairs of shoes. 

When examining the environment in which left® foot company operates, we have to 
make a distinction between all footwear and leather footwear. Out of the total footwear 
market, leather footwear has a share of about 40%, i.e., 6.4 million pairs (2003). left® foot 
company produces low leather shoes for men; in the market segment, the total volume is 
1.5 million pairs. In addition, unlike in most markets, domestic footwear makes up over 
50% of the market share in the low leather shoes segment. Finland has a population of 5.2 
million; approximately two million inhabitants are males over 20 years of age. If we 
compare 1.5 to 2.0 million, it is evident that every man in Finland buys an average of less 
than one pair of low leather shoes per year. 

The invention of the sewing machine for sewing the soles of shoes to their uppers 
launched the footwear industry in the mid-19th century. In Finland, the first shoe 
factories were founded in the late 19th century. Before that, shoes were mainly made by 
highly reputed craftsmen. Mass produced shoes never completely replaced handmade 
shoes. There were people whose feet deviated so greatly from the norm that custom-made 
shoes were their only option. Similarly, some people, such as diabetics, require 
orthopaedic shoes that are often custom-made. Finally, there have also always been those 
consumers willing to pay extra for unique shoes custom-made by shoemakers. 

Before the arrival of left® foot company, the footwear market was divided between 
high-volume mass producers and high-end shoemakers. Moreover, a good fit is an 
important factor when buying shoes, and mass produced shoes simply cannot offer an 
optimal fit to everyone. A shoemaker can make shoes with a perfect fit, but the extra cost 
can be quite high. At the moment, custom-made shoes cost between 1,000 to 2,000 euros 
per pair, whereas the typical price of a high quality mass produced pair of shoes is around  
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150 to 200 euros. Thus, there has always been an obvious market for mass customised 
shoes that can offer a better fit at an affordable extra cost, such as those supplied by left® 
foot company. 

2 Pomarfin Ltd. 

2.1 History and present situation 

Pomarfin Ltd. was founded in 1960 by a married couple on the upper story of a small 
house, and is still a family-owned private company today. The company grew at a stable 
rate until the mid-1980s. Unlike the situation at most major footwear companies, exports 
to the Soviet Union were not of special significance for Pomarfin, comprising only 10% 
of manufacturing volume at the most. This is one of the reasons why Pomarfin survived 
the difficult years. Actually, the worst years for Pomarfin were 1995–1996, when it 
incurred heavy financial losses. The company had to make radical changes in order to 
survive: costs were cut and workers were made redundant. The company also transferred 
most of its production to Estonia, where labour costs are significantly lower than in 
Finland. In addition, Pomarfin has moved into the segment of luxury products and is 
specially orientated towards the Northern Countries. Pomarfin also manufactures shoes 
with Gore-Tex lining, which helps keep shoes dry, and shoes with a Fenomex sole 
structure, which keeps the internal temperature of the shoe 3°C–8°C higher than the 
regular sole structure. With these innovative new products, Pomarfin has been able to 
avoid price competition (Kerins, 1999). 

Table 1 Overview of company data 

Name Pomarfin Ltd. 

Address 29630 Pomarkku, Finland 

URL http://www.pomar.fi/ 
http://www.leftfootcompany.com/ 

Year of foundation 1960 

Number of employees 180 

Net sales (2004) €7.1 M 

Industry Footwear 

Products Men’s, ladies’, and children’s footwear 

Markets Finland, Scandinavia, Russia, Baltic Countries 

The company wanted to stay in business and knew that it could not win a price battle. 
Gore-Tex lining and the Fenomex sole were the first steps to escape price competition by 
offering more differentiation options. Unfortunately, the volume of Gore-Tex shoes was 
not large enough to become a success story. The company continued to search for new 
business opportunities, and Pomarfin ordered a market survey to identify customers’ 
preferences. The survey of potential Finnish customers was conducted in 1996. The result 
was unanimous – individualisation was the dominant trend. Even before that, there had 
been internal discussions about how the company could manufacture shoes made to 
order. The idea itself was not new, but so far, nobody had been able to manufacture mass 
customised shoes. There were many problems that had to be solved. 
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2.2 Why mass customisation? 

The answer behind the question of mass customisation is clear. In general, the company 
wanted to uphold its footwear production in Finland, fight Chinese low-cost products, 
and exit the price war with improved profits. The most important factor in making a 
move over to mass customisation was to avoid the price war. Moreover, the company 
wanted to create additional customer value and answer existing, but unsatisfied, demands. 
Pomarfin went about setting certain goals for the new mass customisation concept, as 
briefly described below: 

• Strategic goal: True customer-centricity focused on control of entire value chain. 

• Operative goal: Products manufactured and sold based on existing orders.  

• Financial goal: Higher profit due to added value and improved efficiency. 

• Technical goal: Ability to exploit the economies of scale of mass production. 

• Customer goal: Desired level of individuality. 

2.3 Development phase of left® foot company  

In 1997, Pomarfin started a project focused on mass customised shoes. There were five to 
seven people working full-time for three-and-a-half years before the first shop was 
opened in 2001. There were some technical aspects, such as foot scanning, an integrated 
computer system and manufacturing technology, that had to be studied to identify the 
possibilities of current technologies. Many tools and computer programs had to be 
custom-made for the project. The enabling technology for mass customisation was a 
CAD/CAM cutting machine. Normally the uppers are cut using dies, with at least one die 
for every size, which pays off only when there is a sufficient volume. Unique pairs are 
cut manually, a process too slow and expensive for mass customisation. For this reason, 
the firm invested in a CAD/CAM cutting machine. Although the technical aspects were 
important, the most vital information regarded shoemaking know-how. The foot scanner, 
for example, which makes a 3D image, operates with an accuracy of 0.1 mm. However, 
there is no use for such accurate information and most of the scanner-generated data are 
practically useless. Thus, it had to be decided which information was useful. The 
programme that analyses measurements was designed by a person who had extensive 
experience in footwear manufacturing. After a certain number of trial runs, a good 
compromise between accuracy and practicality was found. The company decided to use a 
size range rather than the cutting-to-measure approach. This greatly simplified the system 
and provided the required volume. In the beginning, the shoe collections were rather 
limited because left® foot company wanted to be sure that their idea actually worked 
before expanding the business. 

The entire concept of left® foot company was well-tested during the developmental 
phase. The development of the configuration and manufacturing system itself 
was particularly time-consuming and complicated with its several iterations. This 
ensured, however, that most of the problems were solved during the developmental stage. 
Problematic issues were related to the use of the new technology and computer program, 
as well as determining precisely what to offer and what makes shoes fit. Since the 
market launch, no major changes have been required. In the future, development will 
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concentrate on design and material innovations. Moreover, the innovations in business 
processes and improvements in service are very important factors in maintaining 
competitive advantage. 

At quite an early stage, it was decided that top-quality, luxurious men’s shoes were 
the target market for left® foot company. The collections are for fashionable, trendy 
businessmen who know what they want and are willing to pay for it. The price is high 
enough to cover extra costs, and customers prefer classic styles and a good fit. Moreover, 
Pomarfin has solid knowledge of manufacturing men’s footwear. It was soon confirmed 
that there was not enough market potential for the left® foot concept in Pomarfin’s 
regular market area, which is why the business concept was geared to an international 
market from the beginning. 

At the moment (12/05) there are 13 left® foot retail outlets. Four of them are located 
in Finland and owned by the company itself. Of the remainder, one is in Copenhagen 
(Denmark), one in Osaka (Japan), one in St. Petersburg (Russia), one in Hong Kong, and 
five are located in Germany. The locations outside of Finland operate on a franchising 
basis. This means that ‘owning’ the customer is very important to the shops, because they 
earn royalties from re-orders. So far, left® foot company has agreed to the opening of one 
more sales outlet in Switzerland. The aim is to open around ten more outlets annually; 
growth will be mainly outside of Finland. 

2.4 The left® foot shoe 

The left® foot shoe is a mass customised men’s shoe that offers the customer 
individuality and better fitting properties not found in ready-made shoes. In addition, 
left® foot company shoes combine traditional craftsmanship with state-of-the-art 
technology. The collection includes about 30 models, thus amounting to almost 3000 
different footwear variations. There are three different categories for left® shoes: 
business, fashion and casual. The business collection includes 19 models of classy 
business shoes. The fashion collection models are trendy; special details and materials are 
used. There are ten different models in this collection. The casual collection includes 
comfortable and easy shoes for leisure use, and there are five models in this collection. 
The collection changes three times a year. New models are introduced and some of the 
old models are discontinued, but there are some bestsellers that stay on from year to year. 
left® foot company has outsourced the original design process to an Italian designer, who 
creates the designs and makes suggestions regarding the materials. Together with a 
Finnish designer, the prototypes and the final decisions about materials to be used 
are made. 

The left® foot company’s core competence is its profound knowledge of shoemaking 
combined with an understanding of the most important measurements that must be 
considered when customising a shoe. Not every manufacturer is able to come up with the 
right formula for creating a comfortable mass customised shoe. left® foot company has 
succeeded in developing a set of measurements that guarantee the best-fitting shoe for the 
customer. Knowledge of the anatomy of the foot is extremely important when designing a 
mass customisation system for shoemaking. left® foot company/Pomarfin was lucky to 
have collaborated with a software expert on the project, who also happened to have a 
shoemaking background and an extensive understanding of the most essential issues of  
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the craft. Moreover, knowledge of the behaviour of leather itself is highly important. 
Different components have to be cut in different manners; leather stretches when in use, 
for example, and this has to be taken into account as early as during the design process. 

The rivalry in the mass customised shoe business has been insignificant so far. There 
have been three to four competitors from Hungary and Germany, but they have not been 
successful. The EuroShoe project is one current competitor, even though it is still more 
involved in academic research and is not purely business-oriented. The project 
participants include shoe manufacturers who might opt for mass customisation, 
depending on the results they get from the project. From left® foot company’s point of 
view, the competition is not negative at all and it welcomes more mass customisers into 
the shoe business. The more knowledge and development there is, the more companies 
and, above all, customers will benefit. 

3 The interaction and configuration process 

Ordering a pair of shoes begins with a visit to a left® foot retail outlet, where feet are 
measured and customer data are entered into left® foot company’s system. Any future 
orders are very straightforward – all the customer needs to do is to visit the website and 
place an order. Orders are delivered to the address of choice. 

The shop’s setting is simple and elegant with the left® foot brand colours, black and 
orange, dominating the scene. All models are displayed on a shelf. Customers can touch 
and feel the shoes, and each model has leather samples attached to it. The first step is to 
take exact measurements of the customer’s feet with a 3D scanner before transferring this 
data to the ordering system. The scanner uses three different lasers to produce a 3D copy 
of the foot. The lasers provide 15 different measurements of the foot, with the accuracy 
of one tenth of a millimetre, to ensure the best possible fit. Figure 1 shows the scanning 
process. Note the lines in the socks, which help the scanner take measurements (this 
measurement system is provided by the German technology company corpus-e1). 

The 3D measurements are automatically analysed and individual characteristics of the 
feet, such as size differences between the left and the right foot, are taken into account. 
The computer programme offers a couple of suggestions for the size, and the sales 
assistant gives the customer a pair of specimen shoes to try on for size. If the first pair of 
shoes is uncomfortable, the customer tries on another size proposed by the programme. It 
is important to try on the specimen shoes to find, among other things, the best-fitting last 
type. This is a standardised phase that regulates the process. All the measurements are 
taken with a scanner and electronically processed. There is no room for human errors that 
are common when taking measurements manually. In the future, there will be no need for 
various fitting sessions, as the measurements are stored in the system and shoe sizes 
usually stay the same even when other body measurements somewhat change over time. 
Re-orders thus can be placed easily over an internet-based ordering system (Figure 2). 

After the customer has found a proper-fitting pair of shoes, the shoe design is 
selected. Just like the shoes themselves, the customer also selects the colour, leather type, 
outsole, and lining. One model can be done, on average, in five to six different kinds of 
leather. Moreover, Gore-Tex lining can be added to some models. The customer can 
order cedar shoetrees and shoe care products specially designed for each type of upper 
material at an extra cost. A distinctive, individual feature of left® shoes is the owner’s 
name and customer number, which are laser-printed onto the leather insole of the shoes. 
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Figure 1 3D scanning of the feet 

Source: Picture courtesy of Corpus.e Corporation 

Figure 2 Internet ordering page 
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The sales assistant enters the customer data in the ordering system and sends it to the 
factory. The customer receives an order confirmation and customer ID for the internet 
service. The customer ID can be used for placing additional orders in the future. 
Similar choices are made when ordering shoes on the internet (Figure 2 shows a sample 
ordering form). Shoes are delivered to the customer within three weeks of ordering. 
The entire process of scanning the feet, trying on sample shoes, taking down the customer 
information, and offering advice to the customer on left® foot shoes takes around 
20–30 minutes. The procedure could theoretically be done in five minutes, but one of the 
most important things is the service that left® foot provides to its customers, which is why 
time spent at the shop is prolonged up to half an hour. As part of the service, a 
salesperson tells a customer what makes a shoe fit, how to select a fitting shoe, and how 
to take care of shoes. By offering such service, the company hopes customers will enjoy 
long-term satisfaction, as even the best shoes can be quickly ruined by insufficient care. 

4 Mass customisation processes and capabilities 

4.1 Manufacturing and logistics 

The orders are sent to the factory in the evening after the working day. The next morning, 
these orders are processed and go into production. MC orders are run among normal 
production. In normal production, the shoes are divided into batches of ten pairs in which 
a pair of left® foot shoes makes up a separate production unit. The inner sole where the 
customer’s name is printed accompanies the shoes throughout production, even though it 
is only needed during the very last stages of production. This emphasises the importance 
of customer-centric thinking in the production line. 

Materials are purchased before actual manufacturing. This means that left® foot is 
struggling with the same problems as traditional shoe manufacturers, i.e., which materials 
should be ordered and in what amounts. left® foot prefers to have fewer suppliers and 
durable partnerships, because leather is a complicated material and has special features. It 
is preferable to use the same suppliers if one needs to be sure of the quality of the leather, 
and this obviously helps keep the quality of a pair of left® foot shoes stable. The normal 
delivery time for leather is from six to 12 weeks. Soles and other components are 
standardised and can thus be bought in advance. 

Manufacturing begins in the cutting department, where professional workers choose 
the upper and lining materials selected by the customer. A computer-guided automated 
cutter performs the cutting, based on the customer’s measurements. Next comes stitching, 
where a souter stitches the upper sections together. All sections receive traditional 
pre-treatments, which include thinning and tucking at the edges, interlining, and eyelet 
reinforcement. Special attention is paid to the strength of the stitching and the type of 
needle and thread used. In the next step, left® shoes are precision-stretched on correctly 
sized lasts. Traditional shoemaker craftsmanship is combined with computer-guided 
lasting technology to carry out the stretching. Throughout production, the shoes are given 
a full range of traditional heat and vaporisation treatments. This ensures that the design, 
size, and symmetrical appearance of the shoes are accurate. A tried-and-tested procedure 
is used to examine all materials at the outsole stage to check if the outsole is firmly 
attached and has a well-finished appearance. 
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Each pair of shoes undergoes a rigorous final inspection to check the quality of the 
leather, stitching, seams, outsoling, and finishing, not to mention the product’s 
conformity to the order. The shoes are polished, brushed, and shined in separate stages. 
The final touches are then added during the finishing stage: the lace, left® logos, flannel 
shoe bags and, if ordered, a shoe care package and shoetrees. Tissue paper is placed 
between the shoes, which are then packed before the outer wrapping and address label are 
added. All together, the production process includes roughly 40 different tasks. The 
normal throughput time is six to seven days. Finally, the pair of shoes is delivered to the 
customer within three weeks of ordering. The logistics are outsourced to the Finnish Post 
and its suppliers. In Japan, DHL takes care of the logistical operations. The shoes 
normally arrive at the customer in the afternoon or in the evening, and left® foot 
recommends that customers have their shoes delivered to their place of work so that 
someone is there to receive the package.  

Manufacturing is critical for quality. left® foot shoes are manufactured using the same 
production machinery as normal mass production. This helps guarantee a stable quality of 
the product. However, shoe manufacturing, especially in the case of leather footwear, still 
requires many manual tasks. These are common for both mass customised and mass 
produced shoes. As mentioned above, when an employee knows the name of the 
customer for whom the shoes are made, quality is significantly improved. 

4.2 Sales channel management 

left® foot company already has thousands of customers. Repeat buyers form a significant 
proportion of the customers. In Helsinki for example, the number of re-ordering 
customers has outgrown the total number of new customers. left® foot customers are 
typically more active in buying shoes than the average buyer. It is normal for customers 
to buy two to three pairs of shoes at once. Some customers even buy as many as seven 
pairs of shoes at the same time. Normally, a customer buys two to three pairs of shoes in 
the shop and later orders more on the internet. The implication of this is the desirability 
of establishing a solid trust between left® foot and its customers so that when the 
customers feel comfortable with the brand, they will be more inclined to buy shoes 
directly on the internet without the help of a sales clerk. Moreover, some customers need 
the opportunity to go into a shop, feel the product, and see the leather options in real life. 
Then they go home and order their shoes on the internet. This indicates that it is difficult 
to present all the materials online in such a way that customers can really know what they 
are going to get when they receive the shoes at home. 

In 2003, the proportion of internet sales at left® foot was 15% and continues to grow 
today. In Denmark, for example, the amount of internet buyers is quite large. This could 
be explained by the fact that the customers of the shop in Copenhagen are international 
and therefore re-order online. Internet buyers can be classified as satisfied and loyal 
customers. It is good to keep in mind that the store that originally takes the foot 
measurements ‘owns’ the customer and receives a royalty from every purchase made 
later on through the internet. There are five to six campaigns a year that target specific 
customer segments. On average, customers will be contacted four times a year. 
Customers are informed, for example, when a new collection will be launched. A 
campaign typically has a direct impact on sales, especially internet sales. The customer 
database contains data from past orders and by using this information, it is easy to 
personalise campaigns and categorise customers, e.g., according to the date of purchase 
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or the type of shoes. The customer information is stored on a server that all sales outlets 
can access, as well as the factory. Having all information in one place helps maintain and 
update the information. 

All advertising is designed for the international market and is merely translated 
according to the market area. Retailers have to contribute to marketing and advertising 
expenses. They need to do their own marketing and left® foot company provides most of 
the common advertising and promotional material. For example, the shop in Japan has 
designed its own catalogue and a short advertisement that is displayed in the largest 
business hotels in the area. It should be noted that a lot of work momentarily has to be 
done to increase the awareness of mass customised shoes and get potential customers to 
try left® foot shoes. 

4.3 Product development 

Regarding the physical product itself, there is not much room for innovation in the basic 
shoe anymore. Design requirements follow fashion trends. The fitting of the shoe and 
measurements are checked and updated, and then implemented in the design. Over the 
years, foot measurements change ever so slightly, thus affecting the overall shoe 
structure. The standardisation of foot measurements is a difficult task. The Mondo Point 
system was an attempt to standardise measurements, but it was not successful. Follow-up 
changes in foot measurements are therefore separately made at each company. 

Production technology is fairly standardised and new innovations are taken into 
account from time to time, but these tend to encompass gradual improvements rather than 
the development of something totally new. Material development is one part of product 
development at left® foot, although the market segmentation and customer target group 
define the direction of innovations that could be implemented. It is not very probable that 
fabric materials could be used in traditional business shoes. left® foot business shoes are 
made out of leather, and different coatings or treatments for the leather are more likely to 
be used than completely new materials. In conclusion, product development capabilities 
are important, but not vital for left® foot company. The company has to be aware of what 
is happening in shoe technology, even if it is very unlikely that any radical innovations 
will occur. The development of process methods on the other hand is vital, and this is the 
area in which future developments will be made. 

5 Case assessment of left® foot company 

From the very beginning, the left® foot concept was conceived for international markets. 
Growth has been steady and now more resources are being allocated for expansion. The 
SWOT analysis shows that the international concept makes large potential markets 
possible (Table 2). The company does not need to do all manufacturing for these markets; 
suppliers can be used outside its own immediate market areas. The extra cost involved is 
not high because left® foot does not have to worry about seasonal sales; every single pair 
is sold at the normal price. Disadvantages are related to the delivery time and still quite 
limited resources. To be able to survive and succeed, left® foot must continue to expand; 
its current market share is not yet sufficient. 
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Table 2 SWOT analysis 

Strengths Weaknesses 

Long experience in shoe manufacturing 

Fast and easy way to introduce new models 

Very low stock level 

No seasonal sales 

No unsold pairs 

Not for ad hoc buyers 

Limited resources to expand 

Only for ‘normal’ feet 

Opportunities Threats 

Ladies’ shoes 

Large potential markets 

Franchising as a way to expand 

The use of other shoe manufacturers 

Another major brand coming onto the MC market 

No growth because of lack of interest 

Customers unwilling to pay extra 

No single competence makes left® foot company special. Everything relies on good and 
visionary leadership. An important aspect is that the firm has been able to combine laser 
foot measuring, CAM manufacturing, smart database, and internet solutions. To be able 
to be a successful mass shoe customiser, a company has to have experience in shoe 
manufacturing and have knowledge of the anatomy of feet. Pomarfin has been able to 
provide the information on shoe sizes and the anatomical details that are needed in the 
design process and the manufacturing of perfectly fitting footwear. Furthermore, the use 
of standardised manufacturing methods minimises variance in production, thus ensuring 
comfortable, well-fitting shoes. 

The concept of left® foot company has been based on shoe manufacturing knowledge, 
but for the future, its goal is to become a system and concept provider rather than a 
traditional shoe manufacturer. In the company’s mass customisation concept, 
development activities particularly foresee the development of the system itself, the 
incorporation of improvements in the measurement software, and also the improvement 
of the service level in order to serve customers better. Part of the service concept is to 
provide customer training during the buying process, and later on through different forms 
of customer contact, e.g., e-mail, customer events, etc. A product development strategy 
and its development are also important in order to hold ground in the premium category 
of shoe mass customisers. 

In comparing the left® foot company case with findings of the EuroShoe (2002) 
project, many similarities can be found. Modern, elegant men’s shoes were mentioned as 
a promising category for the customisation concept. The most promising form of 
promotion was the service-oriented shoe store, as in the case of left® foot company. The 
configuration time of left® foot is within the mentioned 20–30 minutes, and the premium 
cost within 10%–30%. The major difference is that left® foot cannot deliver shoes within 
the recommended time of one to two weeks – it takes three weeks. Nonetheless, left® 
foot company has achieved its most important goal: ‘to make the fashionable shoe 
more comfortable’. 
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1 Introduction: industrial change and trends in the footwear market 

In this case study, the Vigevano-based ITIA-CNR Design & Mass Customisation 
Laboratory (D&MC Lab), an Italian pilot factory that develops and manufactures 
mass-customised shoes, is described and analysed. We begin our case with a brief 
overview of the business environment and some important economic and social trends in 
the European footwear industry. Four major aspects have characterised the footwear 
market in Western Europe over the last few years (Euroshoe, 2002a): 

1 Increasing price competition. This is true for almost all the market areas linked to 
textile and fashion: new low-cost providers from the Far East are flooding European 
markets with low-cost products. 

2 An increasing complexity both in the market and in corporate organisation. 
Customer demands are becoming more and more heterogeneous, increasing external 
complexity. As a result, internal complexity also increases, as companies react to the 
external demand for variety with larger product programmes and exploding variants. 

3 More demanding customer requirements. Customers are increasingly looking for 
integrated solutions that combine tangible products with intangible services.  

4 Globalisation and new competition. Increasing global competition as a result of 
breaking trade barriers leads European manufacturers to price wars they cannot win 
(Almon and Grassini, 1999). In addition, new actors and brands enter the market and 
challenge existing footwear brands, e.g., apparel brands moving into footwear. 

These four different trends are interrelated and mutually influenced, as we will 
demonstrate in the case of Italy. Italy is the most important footwear exporter in Europe, 
and the D&MC Lab began its activities in this environment a few years ago. In Italy, 
footwear manufacturing is one of the most traditional manufacturing industries. In 2005, 
the market was made up of 7084 companies with 100 934 employees (ANCI, 2004; 
2005), the majority of which are SMEs grouped in seven geographical districts. Around 
83% of the national footwear production is exported (ANCI, 2005; ICE, 2003); Germany, 
France, USA, and the UK are the four main importers of Italian shoes. At the same time, 
however, about 70% of all footwear sold in Italy is also imported, most of it from Asia.  
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Consumer patterns have changed in recent years, posing new challenges to national 
manufacturers. In Italy, the overall demand for footwear decreased both in terms of pairs 
of shoes (down 10% from 2002 to 2003) and willingness-to-pay (down 6%). The same 
trend could be observed in regard to Italy’s export markets: exports are decreasing 
(approximately 7% less in 2003, both in terms of volume and value). In particular, the 
most important foreign markets are turning away from Italian shoes (this trend is 
especially striking in non-EU countries, such as the USA, where Italian footwear 
imports decreased by 16% from 2002 to 2003). There are several reasons for these 
negative trends: 

• Italian shoes are typically fashionable and rank at a medium-high to high level in 
terms of price, materials used, and manufacturing qualities. In recent years, a 
recessive economic trend has affected Europe, and the strong euro had a negative 
effect on exports to the USA. 

• Low-priced shoes from the Far East (especially China and Vietnam, see Capone, 
2005) are penetrating the domestic market with low-quality and very low-cost 
products. Although low in quality, the ratio between price and quality is competitive 
and appealing to many variety-seeking consumers looking for fast satisfaction and 
‘disposable’ products (i.e., inexpensive enough to be exchanged rapidly). Imports 
from China have grown around 50% from 2002 to 2003.  

The latter threat seems to be the most dominant challenge European shoe manufacturers 
are facing. New competitors have to be faced with a revision of conventional competitive 
thinking. Low-cost salaries and wages are the main advantage of Asian shoe 
manufacturers. Today, European and especially Italian companies are in search of 
strategies and innovative approaches to uphold their businesses, and mainly act in two 
directions: on one hand, they press politicians and governments (both national 
governments and also the EU commission) to endorse a sort of protectionism with 
anti-dumping duties in order to defend national markets from these new market players 
(Nielsen and Rutkowski, 2005). On the other hand, companies look for new ways to 
improve their solutions and increase the quality of their offerings. Leaving ‘political’ 
issues aside, one of the most promising approaches for adding value to footwear is 
discussed in the following section. 

As mentioned before, a growing number of footwear customers are asking for 
‘performance’ solutions and custom solutions that fit their individual physical needs, 
personal tastes and habits (de Buckle, 2001; Euroshoe, 2002a; Piller and Müller, 2004). 
These consumers belong to the middle-high and high levels of the market, but are still not 
willing to pay the exorbitant high prices of conventional custom footwear. This opens up 
vast opportunities for a mass customisation strategy in the footwear market. 

2 Mass customisation in the footwear sector 

The social and economical evolution of the last few decades has pushed customers 
towards a higher need for personalisation: marketing and sales managers started dividing 
the market into different (but internally homogeneous) groups of potential purchasers, 
and companies were asked to develop and manufacture specific solutions for each group. 
For this reason, large quantity production of the same object was set aside and, as a 
result, unit costs grew correspondingly to the increased spectrum of offered products. In 
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response to this rise, two major approaches have emerged: mass customisation (Pine, 
1993) and on-demand production (Fabris, 2003). Nowadays, the purchasing choice is no 
longer driven by a mere need, but much more by feelings and sensations produced by an 
object with an intrinsic meaning (prestige or status). Some consumers are moving away 
from the imitation of other people’s habits and choices (simply buying goods they have 
already seen owned by others), displaying an increasing need for personalisation and 
customisation solutions (sometimes even shirking products simply because others own 
them). As a result, the demand on manufacturers is to put standardised needs aside and 
produce many different specialised versions of a single article in order to respond to such 
specific needs. Mass customisation can be seen as an effective answer to the external 
threats in the Italian footwear industry, which can benefit from the new opportunities 
offered by the latest information and manufacturing technologies, and respond to the 
rapidly evolving consumer demand for customisation. The aim of mass customisation 
practices is to allow highly assorted productions to keep costs and prices under control. 
The objective of the D&MC Lab is to fulfil exactly this requirement and provide an 
infrastructure and environment for mass customisation in the footwear sector. 

2.1 Summary of previous research on customisation in the 
Italian footwear market 

Before investing in the Lab, preliminary studies were conducted, which revealed several 
trends supporting the introduction of customised solutions in the footwear market 
(Euroshoe, 2002a; 2002b; 2002c). Some of these results are summarised as follows: 

• The main reasons for consumer dissatisfaction with traditional shoes are perceived as 
discomfort due to a poor fit, problems in finding special sizes, limited availability of 
the desired model/brand/size in the shop, and the rapid deterioration of some parts of 
the product. 

• Potential customers were asked to express their expectations concerning features of 
footwear customisation that would add the most value. In Italy, consumers are very 
sensitive to aesthetic aspects. The main advantages of customised shoes are seen as a 
solution to the problems highlighted above: good fit, availability, and high-quality 
raw materials. 

• The targeted customer segment most likely interested in customisation includes 
young trend-setters interested in new stores and brands, those seeking comfort and 
prestige, as well as people with marginal to serious physical or biomechanical 
problems with their feet (Piller and Müller, 2004). 

• From the manufacturers’ perspective, the main incentives for the development and 
production of mass customised shoes in Europe are finding new means for solving 
efficiency and effectiveness problems in production, flexibility and closer connection 
to the market, powerful marketing tools, and improvements in customer services 
(value-adding solutions to increase loyalty and allow premium prices). 

• The main barriers against mass customisation are seen in the higher costs of 
production, a lack of sufficient production technology, a lack of retailer cooperation, 
different purchasing habits, and consumer behaviour (e.g., are customers willing to 
wait 10–15 days before they get their shoes? Are they willing to order shoes without 
actually trying them on?) 
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2.2 Dimensions of customisation in the footwear market 

In the specific case of shoes, three different dimensions for customising the product can 
be differentiated (Jovane et al., 2003): 

1 Style and aesthetics aspects. The manufacturer gives the customer the possibility to 
choose from a range of different colours, materials and/or finishing parts. 

2 Fit and comfort. Size is a priority, but the shape or other dimensions of the shoes are 
also part of this aspect. 

3 Biomechanical parameters. Shoes have to be suitable, conforming to and fitting the 
customer’s feet as good as possible. 

Expanding on these dimensions, three different manners of footwear customisation can 
be defined (Boer et al., 2004): 

1 Style customisation. With a standard size of the lasts, the customer can change design 
details (colours, accessories) within a range of possible options. 

2 Best fit. The customer’s feet are measured with a 3D scanner or other measuring 
device. The computer then selects the best-fitting last, sole, and insole from an 
existing database. The pair of shoes is manufactured on-order and delivered after a 
few days. Some modifications in design are possible, albeit limited. Compared to the 
traditional standard sizing system, there is already a large advantage with regard to 
fit and comfort. 

3 Custom-made. The customer’s feet are measured (foot scan and collection of 
biomechanical data) and the pair of lasts is custom-made for each user’s personal 
profile. Some aesthetic changes are possible (within some technological bounds). 
This type of approach makes it possible to obtain the best fit and highest possible 
degree of comfort, as the shoes are made according to the actual dimensions and 
shape of each user’s feet. 

In the last two cases (best fit and custom-made), a few pairs of shoes are usually 
displayed at the retailer shop in order to assist customers with their choice, which is 
particularly important when making a first-time purchase. However, there is no large 
inventory of ready-made goods; all products are produced on-demand (made-to-order). 
This allows a reduction of the size and costs of the stock, the unsold products, and 
as a result, also serves as a better environmental safeguard: manufacturers produce only 
the shoes that have already been actually purchased, i.e., products that have been ordered 
by consumers. 

Another variation of the best fit solution is based purely on a ‘matching’ approach. 
Customers’ feet are still scanned in the shop, but then the best match from all available 
shoes in the shop’s inventory is determined with the help of specific computer program, 
and the shoes are immediately sold to the customer from in-house stock. In this case, no 
changes in the life cycle of the product are required and the shoes are still manufactured 
in the same traditional mass production manner. This variation is becoming rather 
popular, and the demand for an easy-to-use, accurate 3D scanner has considerably 
increased in the last two years. However, because the shoes are not made-to-order, we do 
not consider this variation of best fit as a form of mass customisation. 
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For each level of customisation, different impacts on the shoe’s life cycle are evident. 
The impact can be measured in terms of investment in technology, manpower, 
organisation, promotion, retail, etc. In the best fit case, the design and manufacturing 
departments have to increase their flexibility: more models and a larger number of lasts 
must be produced. In addition, sales activities are becoming more complex: a scanner for 
foot measurements has to be installed in each shop and data must be collected and stored 
in a proper database. On the custom-made level, the impact on the life cycle process is 
particularly strong. The implementation of scanning instruments requires a re-design and 
re-definition of the sales process, and well-trained sales personnel. The design activities 
call for intense customer involvement. In manufacturing, machines have to be more 
flexible in order to produce a virtually ‘infinite’ range of different lasts, and handling 
systems have to be flexible so as to allow direct connections between each machine in the 
production system. 

The approach followed by the D&MC Lab is an efficient custom-made solution. This 
distinguishes the D&MC Lab from other initiatives in mass customisation footwear (see 
the case studies on Adidas and left® foot in this volume, both of which are based on a 
best-fit solution). 

2.3 Prerequisites for converting to mass customised footwear 

From a generic point of view, a custom-made mass customisation system for footwear 
requires three basic capabilities: 

1 Design of shoe lasts. A virtual ‘father’ object is created, from which different 
‘children’, i.e., variants related to the original last, are derived (based on the 
individual scans of each end consumer). Such a concept implies the creation of strict 
relations in data infrastructures in order to properly manage the inheritance of 
geometrical properties of the father shoe last in the derived objects. Furthermore, the 
shoe last’s scalability to different fits has to be taken into account because customers 
might possibly have different needs in regard to the length and the width of the last. 
All the aforementioned elements, which might be so typical of the shoe sector, are 
pushed to the extreme when it comes to custom-made shoes. Customised footwear is 
made by automatically adapting the father last to the specific shape of the customer’s 
foot; in this context, customisation deals with an individual foot, which results in a 
pair of two different items as no one’s feet are physically identical. 

2 Adaptability of aesthetic design. Shoe model styles are designed in a 3D CAD 
environment on a base size last, where every single component of the shoe is 
modelled. Such an approach results in a tree of objects consisting of the sole, insole, 
or upper components. All items are characterised in terms of their geometrics, 
material, and position in the shoe. One innovative feature of this type of modelling is 
the possibility of dynamically linking the tree to different lasts so that specific 
customer needs can be fulfilled. Furthermore, such an operation has to be performed 
in a virtual mode on non-standardised, custom-made lasts. 

3 Manufacturing and information management. A core requirement of any mass 
customisation production system is the integration of customer information in the 
manufacturing process. Automatic information management and its customisation is 
the starting point for this process. From a technological point of view, customisation 
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demands the conception of new solutions throughout all production steps, e.g., new 
machines in the cutting phase, new organisation of the stitching phase, new machines 
and production lines in the assembly phase, as well as the introduction of 
configuration systems in the sales process. Also, agile logistic processes are needed 
in regard to heterogeneous objects and shortened set-up times. 

3 The ITIA-CNR Design & Mass Customisation Laboratory 

The ITIA-CNR Design & Mass Customisation Laboratory (D&MC Lab) analysed in this 
case study is a laboratory and pilot plant. Operated as a pilot factory and development 
centre by ITIA-CNR, (the Italian Research Council), the D&MC Lab is one of the first 
plants to adopt a true custom-made approach to mass customisation in the footwear 
industry. Previous industrial implementations of mass customised footwear have all 
followed the best-fit approach (e.g., miadidas, selve.net, left® foot). While production 
volumes of the Lab are rather low, experiences gained at this facility are useful for two 
different reasons: the Lab serves as a test field for future (high-volume) production and 
allows experimentation with new technologies and organisational procedures without any 
risk of disturbing the workflow at an existing factory. This is in line with the strategy 
Kotha (1995) recommended for implementing mass customisation in an existing 
industrial structure. More importantly, however, the Lab is a powerful means to motivate 
footwear companies interested in this kind of business. Given that most of the 
manufacturers are SME, a real-life demonstration of the feasibility of customisation in 
the footwear industry is much more important than extensive research publications. The 
main purpose of the Lab is to allow both customers and footwear manufacturers to 
experience this innovative approach to shoe production and assess its results. 

Table 1 Overview of company data 

Name D&MC Lab ITIA-CNR, Vigevano, Italy 

Address Via Pisani 1, Vigevano (PV), Italy 

URL www.itia.cnr.it (Vigevano laboratory) 

Year of foundation 2001 (EUROShoE project start) 

2004 (production start) 

Number of employees 15  

Industry Pilot plant for customised shoes 

Products Footwear 

Markets Italy 

3.1 Capabilities and processes 

Shoe design and manufacture is still an ancient process – one that has been nearly 
unchanged by the industrial revolution or modern technologies – which is the reason 
why most labour has been moved to low-cost countries. This generic manufacturing 
process can be divided into four phases that also correspond to the Lab’s main areas 
(see Figure 1). 
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1 Making the last. After taking the customer’s foot measurements and choosing the 
desired style of shoes in the store, the first manufacturing step is the production of 
the custom last. In this phase, adapted copies of the feet are cast in plastic using a 
turning mill (an exact copy of the feet would be of no use because of the required 
adaptation to the shoe style). For better order tracking, an RFID chip is positioned on 
each last. The set of lasts is made just once for each customer and for each shoe 
style. For repeat orders, the lasts are kept stored at the factory. 

2 Cutting and stitching of the upper; construction of outsole. Based on the individual 
measurements, the leather components of the upper are cut using a flexible laser 
cutting system. The components are then fixed to the last using water vapour so they 
adhere better to the smooth surface. Because of the irregularity of leather on different 
surfaces, the machine used to cut the different pieces detects if and where the 
material is too thick or if any defects are present, and determines how to proceed 
with cutting. After this procedure, all components are placed in a box with the last 
(including the microchip) ready to be recalled by the operator for the next phase. 
Parallel to the preparation of the upper, the sole is cut and arranged with one of two 
main procedures depending on the material of the sole. Leather soles are worked at 
the D&MC Lab; a laser machine traces the line where the upper is to be sewn. Up to 
now, injected rubber soles have been bought from an external supplier. Finally, the 
different components of the upper are sewn and stitched together. 

3 Attaching the upper and lower (sole) parts. Next, the upper edge is roughened to 
make the surface easier to be glued to, and once adhered, the shoe is cooled to fix the 
glue. Finally, the upper is ready to be attached to the sole, the insole is inserted, and 
the shoelaces or other details are added. The last step includes brushing off the shoe 
and giving it a leather treatment. 

4 Finishing process. The shoe is then finished, cleaned, shined, and controlled for 
quality. These steps do not differ from those of conventional shoemaking. 

In the case of handmade shoes, a cobbler is in charge of carrying out all these steps. At 
the D&MC Lab in contrast, almost all of these steps are automatically performed with the 
objective of creating a scalable industrial system. Thus, employees are no longer 
responsible for manual labour, but have to make sure that the system is synchronised, 
machines are working, and, through the logistic system, that all shoe components are in 
the right places. Yet this system also differs from a traditional mass production system. 
Here, batches of identical products are usually placed in one line to reduce the impact of 
set-up costs on a single pair of shoes. Flexible machines go a step beyond: they are able 
to manufacture different kinds of shoes, but with higher investment costs and longer 
throughput times. 

The approach pursued by the D&MC Lab tries to couple flexibility (one-of-a-kind 
batches) with low costs (for set-up, internal logistics, etc.). To achieve this goal, the 
following infrastructure features have been implemented at the Lab: 

• The internal transportation of components and WIP is one of the most distinct 
features of the D&MC Lab production system. This logistic system links all the 
different machines of the plant. Through this system, all shoe components can be 
localised and moved precisely at any time and in any place thanks to the electronic 
chip incorporated in the last.  
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• Flexible machinery applied at the Lab (because of space restrictions, we are not able 
to elaborate on these technologies in greater detail here; see Boer et al., 2004), such 
as a turning milling lathe to produce ready-to-use hinged lasts, a ‘super flexible’ toe 
lasting machine, a robot-based roughing/cementing cell (an industrial robot with 
incorporated force control for roughing operations, which is fully integrated in the 
shop floor data network and programmed from CAD), and a robot-based finishing 
cell (an industrial robot to perform spraying, creaming, and brushing operations). 

• A complete ERP environment for the mass customisation of footwear has been 
installed to manage the corporate database and order/production processing. 
Orders originating from the sale points (virtual shops, see below) are differentiated 
by shoe models and level of required customisation, and sorted and prepared for 
subsequent scheduling. Sales orders are processed to generate production orders, 
initially at the level of master production schedules and then on a more refined level. 
Material requirement planning is also performed at this stage. Next, production lot 
processing generates the correct sequence of production lots based on the customers’ 
orders, taking constraints and requirements of shop floor logistics into account. The 
system is also integrated with a supply chain management application and a finite 
capacity scheduler. 

Figure 1 D&MC plant layout 

3.2 The interaction and configuration process from the customers’ perspective 

Mass customisation, however, is more than just a flexible manufacturing set-up. Its most 
dominant design feature is the connection with each individual consumer. In this regard, 
mass customisation refers to a customer co-design process of products and services that 
meets the needs of each individual customer with regard to certain product features 



   

 

   

   
 

   

   

 

   

    A laboratory for industrial research on mass customisation 501    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

(Piller, 2005). To fulfil this objective, part of the Lab’s infrastructure is also a virtual 
shop, i.e., the main interface between the manufacturing area of the Lab and the 
consumer. Here, the customers’ feet are scanned (Figure 2) and the selection of the shoe 
is assisted by an interactive configuration system that takes the customer’s needs, habits, 
and biomechanical aspects of the feet into consideration. All of this data is transferred to 
the ERP system and placed with the order to the production area. 

Figure 2 Foot scanning device and resulting 3D scan images 

 

To provide some more insights into consumer acceptance of the Lab’s products and 
procedures, the results of a market test and evaluation campaign are briefly described as 
follows: For the test, a mock-up store was created at the Lab. The test involved about 500 
volunteers who were asked to visit the Lab and have their feet scanned. For each of the 
subjects, a pair of customised shoes was manufactured. Test customers were surveyed 
about their shopping experience and the shoes’ fit. The first analysis of 270 consumers 
(153 women and 115 men) revealed that the level of satisfaction with the product was 
high: 241 pair of shoes were evaluated as ‘good’ and ‘fitting’, while only 29 consumers 
were discontent with the fit. Of the latter 29 pairs of shoes, nine were re-made, seven of 
which were ultimately rated ‘ok’ by the customers. However, test customers received 
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their shoes for free and were therefore not in a real purchasing situation. Also, they had 
no possibility to compare the experience of this mass customisation environment with 
similar set-ups, as it was their first-ever contact with this type of product solution.  

Further qualitative interviews were conducted with 25 women and 25 men (Redaelli 
et al., 2005). Test customers felt deeply involved in the shoe production process. All 
subjects trusted the proposed technology and viewed it as a possible solution for shoe-fit 
problems. An interesting aspect revealed in the interviews was that the vast majority of 
the subjects showed interest in an active involvement in the product design, providing 
suggestions, and strong interaction with the product development team. Here once again, 
mass customisation meets user innovation (Piller, 2005). 

4 Case assessment 

4.1 The Lab as an intermediary between research and application 

Today’s Western manufacturers face major threats from low-wage economies. Focusing 
on knowledge-based, worthwhile activities seems to be the best answer to this challenge: 
in many manufacturing (and also non-manufacturing) sectors, developing value-adding 
integrated solutions coupling tangible and intangible goods that meet customers’ 
increasingly demanding requirements has become a crucial paradigm. Referring to a 
modern representation of value chains, actors involved in ‘pure’ research activities 
(e.g., research centres, universities) need to be supported by intermediaries who should be 
able to make discoveries and innovations (both at the technological and at the managerial 
level) for the ‘real world’ (Pedrazzoli and Boer, 2004).  

The D&MC Lab can be seen as one of these intermediaries (Dulio and Boer, 2004). 
Its objective is to exploit radical innovations from research for valuable applications and 
tools for the manufacturing industry. The resistance of traditional footwear manufacturers 
to apply innovation on their own has shown that this type of intermediary is also needed 
for traditional sectors, and not only high-tech growth sectors. At the Lab, research and 
innovation provided by the Euroshoe and similar projects are transferred to practicable, 
workable solutions and methodologies. The Lab, however, is much more than a 
traditional technology transfer centre, as it simultaneously provides a place for piloting, 
exploration, and improvement. Beyond this role of piloting and exploitation of 
innovation, the second role of the Lab is to create further awareness and dissemination 
of the developed knowledge and the business models behind these new technologies. 
Oftentimes, radical innovations are not easily accepted by the different stakeholders of an 
industry; they have to be convinced of the benefits stemming from such innovation and, 
furthermore, must be actively involved in the development process of suggesting 
adaptations and explaining requirements. The role of the D&MC Lab is to foster 
collaboration between actors for a future footwear value chain: research centres, machine 
builders, software providers, manufacturers, component suppliers, retailers, and potential 
final consumers. Table 2 presents four scenarios representing these business options for 
the Lab as described before. 
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Table 2 Different scenarios of the further development of the Lab 

Scenario Description 

Scenario A Very first step towards mass customisation. Minimum investment in order to 
produce ‘best-fit’ shoes. 

Main investments and costs expected: 

• scanning tool (including matching software and configuration system) 

• database for handling customer data 

• shop equipment (including maintenance, training, etc.) 

• marketing 

Scenario B Next step: lasts for custom-made shoes are internally manufactured. 

Main investments and costs expected (in addition to those mentioned for 
Scenario A): 

• machinery for last production, production of custom-made shoes (for  
     standard and best-fit shoes, lasts’ production is outsourced) 

• purchasing of CAD and CAM systems (to integrate the shoe design  
     process and the part programme definition with the production of the last) 

• employee training in new software 

Scenario C Further step towards mass customisation. In this scenario, the company adopts 
ERP, MES, PDM, and SCM systems in order to manage and optimise the 
information flow concerning products, customers, and suppliers. The production 
of standard and customised shoes is run in parallel in two different lines. 

Investments and costs (in addition to those of Scenario B): 

• ERP, MES, PDM, and SCM systems 

• new automated production line, devoted to the customised shoes (best fit and  
     custom-made) 

• additional employees for the cutting, stitching (which become internal  
     activities), and assembling process 

• licences for software updates 

• maintenance costs for new machinery 

Scenario D In this scenario, the company adds an innovative logistics system to manage the 
distribution of materials and components along the different machines and 
phases of the new production line.  

Investments and costs (in addition to those of Scenario C): 

• logistics system 

• pallets and other appliances in the system 

• maintenance of the system 

• operators’ training 

• costs for external logistics for delivering customised shoes 

Looking at the different scenarios, it becomes evident that different degrees of innovation 
imply different capabilities to answer the market’s demand. If the level of innovation is 
low (Scenarios A and B), the producer manufactures customised shoes (best fit) using the 
traditional production line. If the level of innovation is high (Scenarios C and D), there is 
no reason to reduce the production of standard shoes, because customised (both best fit 
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and custom-made) footwear is produced on the new production line with an overall 
increase in the total amount of produced shoes. Concerning the estimation of the price of 
the customised shoes, other preliminary studies estimate a possible premium of 
20%–30% on the price of conventional shoes. According to the collected data and their 
correlation, each scenario offers the possibility of increasing the Net Present Value 
(NPV) with different impacts according to the variability of the demand and correlated 
variables (variable costs, price, etc.). The NPV of such investments for a traditional shoe 
producer is always above zero, and comparing the four scenarios, it becomes clear that 
the value of NPV continually grows correspondingly to the increase in the demand level, 
which in turn can be satisfied thanks to the introduction of new technologies that can 
compensate for the increase at the cost level. 

Beyond these scenarios, data collection from real-life experiences at the D&MC Lab 
made it possible to create a generic economic modelling tool. This tool is to be used by 
traditional shoe manufacturers to investigate various alternative approaches to mass 
customisation, and select the most fitting and profitable model. A mass customised 
solution can be seen as an integrated solution consisting of tangible components (i.e., the 
shoes) and intangible components (e.g., the service during the purchasing and co-design 
process). Costs and earnings deriving from the development of the entire solution are 
considered, and provide a cost and profit calculation tool for manufacturers considering 
mass customisation. 

4.2 SWOT analysis and outlook 

When analysing the strengths, weaknesses, opportunities, and risks of the D&MC Lab, it 
should be emphasised that the Lab is a non-profit institution. It was created in order to 
test the feasibility and practicability of an innovative technology for switching footwear 
production from mass production to mass customisation. Given that most of the 
manufacturers are SME, a real-life demonstration of the feasibility of customisation in 
the footwear industry is much more important than extensive research publications. The 
main purpose of the Lab is to allow both customers and footwear manufacturers to 
experience this innovative approach to shoe production and, moreover, to appreciate the 
results. Still, the Lab should be self-sustaining. Acting as a mini-factory for mass 
customised shoes for different brands, the Lab has a breakeven point of around 50 to 70 
pairs of customised shoes per day, depending on the shoe type. 

The SWOT analysis provided in Table 3 attempts to take into account both the Lab’s 
point of view (particularly in regard to technical and organisational aspects) and some of 
the worthwhile lessons learned for entrepreneurs interested in starting up their own mass 
customisation production line or company. Small companies interested in following up 
the Lab experience face the typical challenge of entering a new, non-mature market in 
which consumers and retail partners have no experience with the offered solution. Yet at 
the same time, one of the major strengths also lies here: the innovativeness of the adopted 
technology and the offering of an integrated product-service solution that meets precisely 
the needs of demanding consumers in Western markets. The possibility of customising 
and personalising shoes could appeal to an increasingly wide spectrum of customers 
seeking best-fitting solutions for their individual needs. Thus, finding a wide range of 
potential customers (and cooperating shoe manufacturers) is one of the foremost 
objectives of the D&MC Lab initiative. 
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Table 3 SWOT analysis 

Strengths Weaknesses 

Innovativeness of solutions and technologies 

First in the market (advantages originating from 
the learning curve) 

Organisation flexibility, production efficiency, 
and a good attitude towards innovation 

Being a non-profit institution, research activities 
are not driven by mere market considerations 
and, moreover, the dissemination of findings 
and results is one of the main goals 

Lack of experience 

New technologies to be refined 

The Lab is not expected to be lucrative: this 
could also inhibit business-oriented 
developments 

Continuous funding as a non-profit entity: 
the Lab’s persistence in the mid-long term is 
strongly dependent on (especially public) 
funding 

Opportunities Threats 

New customer needs. The range of new 
customer requirements and the innovativeness 
of the adopted technology assure a 
short-medium term sustainability of the Lab 

EU-funded project has given the opportunity to 
create the Lab and, moreover, a network of 
contacts and relationships with a wide range 
of entities 

Technological evolvements can be applied and 
tested within the Lab 

Funding shortage/stop. The interest of public 
funding in this specific area could decrease 

Problems in disseminating results: different 
approaches and lack of a real business 
orientation could invalidate the dissemination of 
results to the industrial world 

Persistence of results passing from prototyping 
to large-scale production 
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Abstract: Steppenwolf is a pioneer in mass customisation and has been 
offering custom bicycles since 1995. While being highly successful on the 
market place, Steppenwolf experienced various operational challenges, 
resulting to a large extent from dependencies of Steppenwolf on external 
partners upstream and downstream in the value chain. This case study discusses 
these integration challenges and some of the measures Steppenwolf introduced 
to decrease its dependency. Upstream, Steppenwolf is dependent on its 
suppliers, which are highly consolidated and much larger in scale than most 
bike manufacturers. Thus, delivery times of components are much longer than 
response times accepted by the customers. Regarding downstream integration, 
hurdles result from the need to sell custom products through conventional 
independent retail stores, which are mass product-dominated. These retailers, 
however, are often not capable of consulting customers and promoting the 
benefits of custom bikes. As a result, Steppenwolf had to heavily invest in 
training and integration activities. 
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1 Introduction: the European and German bicycle market 

The European bicycle market, particularly the mountain bike segment, was characterised 
by remarkable growth rates from 1980 to 1995 (for further information on market data, 
see DKV, 2003; Voswinkel, 2003; Zweirad-Industrie-Verband, 2004). The market, 
however, had declined since 1995. Over the last five years, the bike industry has been 
confronted with a stagnating market and sales flattening at a level of 15 to 16 million 
bikes sold in Europe per annum. The main driver for growth in the 1980s and 1990s had 
been innovation, starting with the market introduction of the mountain bike concept. 
Continuous innovation surrounding this product and further differentiation in numerous 
bike segments characterised the market at the time (trekking bikes, cross-country bikes, 
downhill bikes, and city bikes all contributed to an expansion of traditional segments). 
Today, it seems as if no further segmentation is possible. In addition, technological 
innovation at the component level is rare today, given the mature state of this industry. 
Recent improvements to existing technology have been marginal and rather irrelevant 
from the consumers’ perspective (see Figure 1 below). In summary, today’s European 
bike market can be described as being relatively saturated with a stable to modest growth 
of sales volumes, and few changes in regard to product technology and design. 

The result of this growth slowdown is fierce competition among bike manufacturers, 
which are competing with around 150 brands on the German market alone. While firms 
used to live in a comfortable position as long as innovative products had high margins 
and sold easily, aggressive pricing dominates the market today. Moreover, many bike 
manufacturers had over-capacitated in their operations during the boom years. To utilise 
this capacity, many branched off into areas other than their original segments, hoping that 
more variants will stimulate consumerism. An additional problem is the high 
fragmentation among retailers in the bike market. It limits profits in this industry 
primarily due to the low buying power of each retailer (there are more than 6000 retailers 
in Germany), and demands an extensive sales network of manufacturers to get their bikes 
on the market. Today, many bike manufacturers see their only alternative for survival in 
aggressive pricing, which consequently demolishes their brand preposition even further. 
This trend has been common in lower value segments, but is also increasingly 
characteristic of market behaviour in the high value, formerly differentiated and 
innovative segments.  
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Figure 1 Rate of innovation in the European bike industry 

Source: Liertz (2004) 

Despite these problems in the industry, customers’ demand for bicycles is still high, 
although it is not always accommodated by the fitting supply: bike users can be divided 
into two segments: a price sensitive and a high value segment. The traditional middle 
segment has become less important. The price sensitive segment, covering the market of 
bikes up to 600 euros, comprises a market share of 64%. The high value segment, 
representing bikes from 800 euros and up, currently has a market share of 15%. Table 1 
provides an overview of the German bike market structure in regard to types of bikes, 
price segments, and relevant competitors. 

Cycling is regarded a central element of a healthy and sportive life style, especially in 
the high-value segment. Consequently, customers demand bikes that fully support their 
needs for relaxation and sports. Along with the increasing average age of bike consumers, 
their expectations of both the product and its sales and service process are dominated by a 
demand for rather simple as opposed to overloaded solutions. These more mature 
customers are turned off by the high technological complexity and complicated offering 
of many undifferentiated brands. 

Given this market and industry situation, new business models are needed which 
increase profitability by offering a highly differentiated value preposition. The objective 
of this case study is to discuss how the customisation of bicycles can serve as a solution 
for manufacturers to overcome the current market saturation by better fulfilling 
customers’ needs. Mass customised bikes could offer new areas of differentiation in the 
areas of technology and design, thus enabling companies to attract new customers. 
Moreover, customised bikes have the potential of better fulfilling the wide range of 
individual needs of today’s customers. An analysis of the industry shows that mass 
customisation is increasingly becoming an important concept that helps a small group of 
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bike manufacturers successfully compete on the European market. Successful bike 
manufacturers offering mass customisation in Germany mostly target the high value 
segment (starting at price levels of around 800 euros). Relevant players include AT 
Zweirad, MAXX, Simplon, Steppenwolf, Votec and Winora-Staiger, making up a 
combined market share of an estimated 5% today (within the comparable market segment 
of mass produced bikes at similar price and quality positions). Experts estimate that 
the market share of mass customised bikes could reach 37% by 2010 within the 
above-mentioned comparable market segment (Bärhold et al., 2004). Most of the mass 
customisers focus on the mountain bike segment, given that mountain bikes still hold the 
largest share of the high price segment. 

Table 1 Overview of market segments in the German bike industry 

Types of bicycles in 
Germany (2003) Price segment 

Market share 
(by quantity) 

Price 
(in EURO) 

Bicycle 
manufacturers 

Exclusive class  6% >1.200 
Mountain bike 10% 

Upper class  2% <1.200 

Bianchi, Utopia, 
Steppenwolf, Maxx 

Upper middle class  7% <1.000 

Middle class 21% <800 

Ghost, AT Zweirad, 
Wheeler, Univega Trekking bike 28% 

ATB bike 16% Lower middle class 41% <600 
Biria, Kalkhoff, 
Dahon, Felt, Giant, 
Kettler 

Other 
19% 

City bike 27% 
Entry class 23% <400 

MIFA, Hanseatic, 
Prophete, Yashima 

Source: Bärhold et al. (2004) 

2 Ten years in the mass customisation business: Steppenwolf 

One of the pioneering companies of customisation in the bicycle industry is the 
Munich-based Steppenwolf GmbH (see Table 2). Founded in 1995, Steppenwolf is one of 
today’s market leaders for customised bikes. In 2004, the company had a market share of 
13% with 13 000 sold custom made bikes in Germany, Austria and Switzerland (the total 
market accounted to around 100 000 mass customised bikes in these countries). In 1995, 
the Liertz brothers had built their vision of their own bike company on the early notion of 
a market characterised by early signs of saturation and stagnation. They took advantage 
of a particular chance to enter the bicycle market (introducing a new company and brand) 
by implementing a business concept based on the fulfilment of consumers’ growing 
demand for custom products and a more rewarding sales experience. The concept 
‘Steppenwolf Custom Made’ was born. During its first ten years of existence, however, 
Steppenwolf modified its business model several times. The process of building its value 
preposition on mass customisation can be seen as a unique experiment of trial and error 
in defining the capabilities for mass customisation.  
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Table 2 Overview of company data (2004) 

Name Steppenwolf GmbH 

Address Wettersteinstrasse 18, 82024 Taufkirchen, Germany 

URL www.steppenwolf-bikes.de 

Year of foundation 1995 

Number of employees 66 (including outsourced manufacturing resources of 40 employees) 

Industry Bike manufacturer (high value bikes) 

Products Mountain bikes, trekking bikes, roadsters, racing bikes and biking 
apparel (bike sales in 2004: 13 000) 

Prices for Steppenwolf bikes range from 850 to 4,000 euros 

Markets Germany, Austria, Switzerland 

Targeted market: the 30+ age segment (women and men) 

Among the various hurdles Steppenwolf had to overcome when implementing mass 
customisation, the most predominant was the lack of adequate management experience 
and industrial examples of this new business concept. Steppenwolf had to find adequate 
employees, suppliers, and retailers who both directly and indirectly understood and 
supported the requisites of mass customisation. The most important aspect of 
Steppenwolf’s success depends on the integration of all relevant parties in the business 
model, which can be viewed at various levels: 

• Customisation at Steppenwolf is characterised by the custom assembly of standard 
components from a large set of options, which all have to be purchased by 
independent suppliers. Therefore, the first level involves the integration of the 
suppliers in Steppenwolf’s operations (upstream integration).  

• Another level of integration considers the interaction with retailers (downstream 
integration). Retailers are a part of the mass customisation value chain, because 
Steppenwolf depends on an external and independent distribution network. Here, 
customer integration, a definitive element of any mass customisation programme 
(Piller et al., 2004), takes place. 

• The third level of integration concerns the employees (internal integration), who 
often have a mass production background and are not used to working in a 
customer-oriented firm. 

The next section will describe Steppenwolf’s strategy of customer integration. After a 
presentation of Steppenwolf’s product range and its interaction and configuration 
process, the mass customisation capabilities and processes will be explained. The final 
section will focus on management problems arising from the demand for efficient 
supplier, retail, and employee integration. 
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3 Steppenwolf’s customised bikes from the customers’ perspective: the 
interaction and configuration process 

Typical Steppenwolf customers are cycling enthusiasts and highly informed about bikes. 
They value shopping for bikes as an experience in itself. Athletic individuals who also 
view biking as a means to wellness and general well-being characterise this target 
customer segment. Customers of this target segment are above 30 years of age, are 
willing to pay more than 850 euros for a bike, and demand a high quality product and a 
simple shopping process. This allows Steppenwolf to charge a price premium in the range 
of 20% to 30% above comparable mass produced models, even if its base products are no 
different from mass offerings on the technology level.  

3.1 Sales process and product configuration 

Steppenwolf’s sales channel consists of a network of 300 independent retailers; direct 
sales through the internet or catalogues are not expected to be substantial for such a high 
value product. From management’s perspective, customers request personal consultation 
at the point of sales for such an expensive customised product. For Steppenwolf, the 
internet therefore only plays the role of a marketing instrument that enables customers to 
inform themselves about the product and its customisation possibilities.  

The configuration of a customised bike takes place in the physical surrounding of a 
retail store (‘offline configuration’). The key player in the configuration process is the 
salesperson, who offers the customer sales advice on the product and its options. Body 
scanning systems, printed product displays (posters, catalogues), fully-customised bike 
samples, and the display of physical bike components (e.g., metal tubes lacquered in all 
available frame colours) facilitate the configuration process. The objective of these sales 
support tools is to give the customer the chance to envision the unprepared customised 
product during the actual configuration process. The salesperson makes use of a locally 
installed IT system to enter the bike configuration information according to the 
customer’s wishes, and to transfer this data to Steppenwolf’s central ordering system 
(part of its ERP system). 

The customisation of a Steppenwolf bike starts with options between several basic 
bike models (e.g., mountain and trekking bikes). In contrast to the traditional shopping 
experience, customers cannot only select from models physically available at the retail 
store, but from the entire Steppenwolf product range, which includes 13 mountain bikes, 
11 trekking bikes, three roadsters and three racing bikes for a total 30 of basic models 
(see Figure 2).  

After the selection of a basic model, the customisation process continues with 
defining the correct frame size. Some retailers of Steppenwolf bikes are currently 
investing in body scanning systems in order to support the measurement process. One 
supplier of such systems to the bike market is XX Production Online,1 which has 
installed more than 500 systems worldwide. These systems assist in defining the optimal 
height and setting of the frame, suspension fork, and handlebar (many retailers use them 
not only to get the measurements for custom bikes, but also to adjust standard bikes from 
their regular assortment). If such a system is unavailable, customers are manually 
measured. In the next step, customers choose different technical bike components to  
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upgrade the basic bike equipment (also called tuning elements). These include different 
types of shifters and derailleurs, brakes, suspension forks, handlebars, and saddles (see 
Figure 3 for an overview of the basic product architecture of a Steppenwolf bike). 

Figure 2 Four of the thirty basic bike models from Steppenwolf’s 2005 product range 

  

Mountain bike model ‘Taiga SG’  Trekking bike ‘Tao SL lady’ 

  
Roadster model ‘Talis man’ Racing bike ‘Prisma RC’ 

The third and final customisation step is the selection of the frame’s colour – an entirely 
new experience for bike customers. For the dominating mass production bike market, 
consumers’ choices are limited to those frames with the correct size that are available at 
the retail store (and customers oftentimes decide on a preferred colour first, before 
worrying about the optimal bike size). Since Steppenwolf bikes are assembled according 
to the customer’s choice, however, they can be offered in 23 different colours and 
designs. In regard to pricing, Steppenwolf pursues the strategy of defining fixed base 
prices per bike model, shifters, and derailleur system (in a matrix price list), without 
revealing prices at the level of all included components. However, for the tuning 
elements (e.g., for an upgrade on the suspension fork), separate prices are listed and 
added to the base price. 

3.2 Product management 

Interestingly enough, Steppenwolf has continuously reduced its product offering in 
regard to customisation options. Compared to the original selection, the recent product 
architecture is characterised by a smaller range of bike models, colours and tuning 
elements. This adaptation reflects the knowledge gained from observations of the sales 
process, as sales persons and customers reported difficulties in handling a wide range of 
possible customisation options. Permanent sales monitoring, customer inquiries and 
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market analysis provide the data for adjusting the product offering to the demanded 
product elements. Only 20% of the original customisation options were required to cover 
80% of the customers’ demand and final sales. As a result, Steppenwolf reduced the 
number of basic bike variants from a level of approximately 2500 different options ten 
years ago, to about 500 today. Recent literature has confirmed the reduction of offered 
variants as a success factor for efficient mass customisation (Tseng and Jiao, 2001; 
Blecker et al., 2005; Moser, 2005). This reduction aims at reducing the complexity and 
cost along the supply chain, as well as increasing the complexity for customers dealing 
with a purchasing process in a mass customisation environment (this phenomenon has 
been discussed under the terms ‘mass confusion’ and ‘product variety paradox’ by 
Huffmann and Kahn, 1998; Salvador and Forza, 2004). 

Figure 3 Basic product architecture of a Steppenwolf bike and choice options 

3.3 Sales model and information management 

An important role of the sales model is to act as an information system for the entire 
value chain of the company. Generating and analysing sales and customer data are 
essential capabilities of the Steppenwolf production system and an important source for 
realising positive economic effects of mass customisation (Piller, 2006; Piller et al., 
2004). The company possesses data covering a ten-year history of bike sales including 
data sets of individual bike configurations (by model, height of bike frame, type of fork 
and colour) linked to detailed customer profiles and sales dates. At a frequency of one to 
four weeks, these data are derived, analysed and forwarded to the different organisational 
functions (product development, sales and marketing, purchasing, and operations). Mass 
producers cannot obtain these data, since their independent retailers do not tell them 
which bikes have been sold to which customers at which point of time. In addition to 
this, many retailers also change the original configurations of a bike to increase its 
sales potential. 

Frame

Suspension 
forkShifter and derailleur

Handle bar
Saddle
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Steppenwolf uses the information derived from the sales and customer database not 
only for projecting market trends and managing marketing activities, but primarily for 
deriving forecast data for purchasing and supply chain management. Despite its custom 
order taking process, Steppenwolf is able to generate detailed sales forecasts at the level 
of colour preferences per annual seasons. These data form the basis for managing 
Steppenwolf’s purchasing and manufacturing scheduling activities. Varnishing of the 
bike frames is done in small batches, building on information from these sales forecasts.  

4 Mass customisation capabilities and processes 

After completing the configuration and order taking process, the order is placed to 
Steppenwolf’s ordering system. This system controls all assemble-to-order and logistics 
processes, guaranteeing a delivery to the customer within eight to ten days (bikes are 
delivered to customers via the retail store). The system represents the distinctive set of 
capabilities enabling mass customisation at Steppenwolf, as discussed in the following.  

4.1 Product development capabilities 

Although Steppenwolf’s managers are cycling enthusiasts themselves and are involved in 
most of the product development activities, the company has its own team of designers. 
This team is dedicated to the technical development of bikes, and is also responsible for 
quality assurance. The premium brand image of Steppenwolf builds mainly on the high 
quality of its bikes and its use of the latest technologies (of the bike components). 
Customisation can be seen as a supporting element of this quality leadership: customers 
get exactly what they want, and in the quality they want. The customisation system also 
supports quality and technology leadership by helping Steppenwolf identify trends in the 
biking market more easily. Bike sales data and the information about the individual 
customer’s demand and choices reflected in the personal configurations are important 
input for making better planning decisions. Compared to Steppenwolf’s (mass 
production) competitors, the company thus profits from its proximity to customers and 
retailers. Yet traditional methods are also applied for deriving market data (e.g., customer 
surveys). Finally, product development builds on the input of external experts. The 
former downhill world champion Stefan Herrmann tests and evaluates Steppenwolf 
bikes. He also acts as an endorsement for the ‘Steppenwolf Custom Made’ bike and 
provides feedback as a ‘leading user’ for the product development process. 

Steppenwolf’s product programme is characterised by a strong focus on 
modularisation. By defining product modules for a bike’s different components, 
Steppenwolf can achieve efficiency in its operations while offering selection options to 
its customers. The bike frame itself is a module offered in different materials, which is 
based on a generic (uncoloured) frame that is lacquered during the first manufacturing 
step. This frame represents the basic product platform of each bike. The different 
components (shifters and derailleur, brakes, etc.) are all interchangeable modules with 
variations in both function and quality, and are all assembled onto the bike frame. The 
product development benefits from this modular product architecture, since each newly 
added component expands the existing product offering (because of common standards in 
this industry, most bike components of the same function are compatible and 
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interchangeable). In addition, it also offers the flexibility to react rapidly to innovation at 
the component level, as existing modular components can be either substituted or 
supplemented by a new component. 

4.2 Manufacturing and logistics 

After customer orders are taken, they are reviewed and approved for manufacturing and 
assembly at Steppenwolf’s logistic centre. The main characteristic of the Steppenwolf 
manufacturing process is the assembly of standardised components on the basic product 
platform of the bike – its frame. The final frame is a non-standardised part and is custom 
lacquered. In order to fulfil all colour options offered to the customer, the manufacturing 
process starts with the varnishing of an uncoloured base frame, followed by a job-shop 
assembly process. Technically speaking, this process covers the assembly of all 
components onto the bike frame, e.g., shifters and derailleurs, brakes, suspension forks, 
handlebars, wheels, etc. After completion of assembly, the bike is transported to the 
retailer, who informs the customer of its arrival. Steppenwolf’s IT infrastructure is still in 
development, but all internal processes are currently supported by an IT system and for 
such a small company, the implementation of a fully integrated system including retailer 
and supplier operations is a massive, demanding project.  

Steppenwolf’s assembly processes are characterised by single orders for customised 
bikes. Consequently, opportunities to achieve economies of scale are reduced (compared 
to a mass production business model). However, in order to limit cost penalties, bike 
varnishing is done in small batches (as opposed to individually) based on reliable forecast 
data (see above). Unlike many mass production competitors that typically produce in 
low-wage countries, Steppenwolf bikes are varnished and assembled in Germany. The 
high wages paid in Germany are not critical for the overall profitability, since a larger 
share of value generation is still accomplished outside of Steppenwolf, and the final 
assembly located close to the customer ensures short delivery times. Raw components 
including the uncoloured frames and all components for assembly are purchased from 
suppliers. Moreover, management has learned that the high requirements regarding 
employees’ qualification to handle individual orders are favourable; a manufacturing 
facility in a country with highly skilled employees enables an effective mass 
customisation process. 

4.3 Overview of the value chain from a revenue and cost perspective 

A study of the revenue and cost factors conducted by the TUM Research Centre for Mass 
Customization and Customer Integration at the Technische Universitaet Muenchen 
provides a good indication of the economics of this mass customisation value chain 
(Bärhold et al., 2004). This study had analysed all relevant revenue and cost factors for a 
hypothetical reference company representing an integrated bike manufacturer and 
retailer. The study was based on expert interviews and industry data. Results are 
presented in Figure 4. These numbers represent industry averages for an integrated bike 
manufacturer and retailer. The price has the most prevailing positive effect on profits. 
The major negative factors reducing overall profits are material, assembling and 
manufacturing, production overhead, and sales and distribution costs. Inventory and 
storage, transportation, marketing and overhead costs show little impact on the 
profitability. On the whole, the price effect of mass customisation increases profits by 26 
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percentage points (in percentage of revenue). All aggregated cost effects amount to a 
negative effect of 15 percentage points, resulting in a total increase of the profit margin 
by 11 percentage points (in percentage of revenue). While exact numbers for 
Steppenwolf are not available for publication, its management confirmed the applicability 
of this calculation to the Steppenwolf case as well. 

Figure 4 The reference bike company’s profit development with mass customisation in the 
German bike industry, measured in percentage as compared to the manufacturing of 
standard bikes 

Source: Bärhold et al. (2004) 

5 Integration challenges at Steppenwolf 

As mentioned in the introduction to this case, Steppenwolf’s management faced several 
hurdles when implementing and running its mass customisation programme. One area 
that requires their continuous attention is the demand for the integration of external 
parties in the mass customisation system. This section will discuss these demands for 
integration in greater detail. 

5.1 Upstream integration (supplier integration) 
5.1.1 Upstream integration demand 

Steppenwolf promises to deliver a custom bike within a maximum of ten days. During 
this period, the entire production and logistic process has to be accomplished. When 
receiving an order, Steppenwolf therefore has to be able to assemble a bike from all 
possible components, which consequently have to be readily available, either from the 
company’s own stock or directly from suppliers. A favourable condition would be the 
close integration of all suppliers with the aim of implementing a just-in-time model that 
enables quick re-orders. However, this does not reflect the reality for Steppenwolf in this 
specific industry. 
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5.1.2 Upstream integration problem 

Steppenwolf purchases the frames and all bike components from suppliers that mainly 
deliver to mass production competitors. Most bike manufacturers supply a major share 
of their products to retailers only once a year in the spring, based on orders from 
trade-shows held at least six months prior. The suppliers’ manufacturing and logistic 
processes also follow this industry-typical seasonal cycle. This circumstance and the fact 
that these suppliers are spread throughout the world (with a focus in Asian countries) 
results in delivery times of three to five months for most of the bike components. As 
Roland Liertz, COO of Steppenwolf, likes to say: ‘Just-in-time is a foreign word in 
this industry’. 

Suppliers also have little motivation to invest in faster replenishing systems. Most of 
the component suppliers in the bicycle industry face very little competition in their 
particular field. Industry consolidation has resulted in oligopolistic or even monopolistic 
structures. As a result, suppliers are often dictating the conditions of trade. Moreover, end 
consumers are sensitive to a number of bike component brands, which thus every 
manufacturer feels to have to offer. The most prominent example is Shimano. The market 
leader is a quasi-monopolist with a 90% market share for shifters and derailleurs, brakes, 
and several other components. This dominance of suppliers causes a major problem for 
Steppenwolf’s operations: the manufacturer has to maintain large buffer inventories of 
raw components in order to be able to fulfil every possible customer order despite long 
delivery times at the component level. As a result, Steppenwolf’s cost structure is 
characterised by high component inventory costs, counterbalancing the savings in 
inventory at the finished goods level. 

5.1.3 Upstream integration strategy 

Steppenwolf’s major step in reacting to this situation has been the introduction of its 
forecasting system, which is based on an analysis of recent orders and custom 
configuration as described above. Steppenwolf is taking this one step further and 
exploring additional usage of this forecasting data. This data is not only valuable for 
Steppenwolf’s own planning system, but may also be very valuable input for other 
manufacturers and the component supplier, which would otherwise be unavailable from 
the industry’s standard on-stock manufacturing system. Steppenwolf’s management also 
realised that the suppliers of bike components lack sufficient forecast data. They only 
have very limited knowledge of the final usage of their products, or which end consumers 
are buying them during which season. Thus, in return for offering access to its forecast 
data, Steppenwolf is now demanding more favourable conditions from component 
manufacturers (in regard to supply chain flexibility, not pricing). Whether this strategy 
will be successful or not remains to be seen. 

5.2 Downstream integration 

5.2.1 Downstream integration demand 

The described sales and configuration process demonstrated the importance of personal 
contact at the point of sales. Retailers often represent the only customer contact. 
Therefore, the expected performance of bike retailers is a significant lever for the overall 
success of Steppenwolf’s offering. Bike retailers have to be able to offer and sell a bike 
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that does not yet physically exist, and can only be touched and seen in the form of 
product samples and product displays (and tuning elements are only tangible as separate 
components). In turn, this requirement for intense customer-retailer interaction demands 
close interaction between Steppenwolf and its retail partners. The main objectives of the 
resulting integration are to reach a consistent sales process among the different retailers 
and guarantee a high quality service of selling customised bikes.  

5.2.2 Downstream integration problem 

Steppenwolf’s retailers, however, are independent entities and usually not used to selling 
customised bikes. Many retailers are professionally trained as mechanics and lack a 
profound business understanding. Moreover, bike retailers are generally not focussed on 
a sales process oriented to individual customers’ preferences, but are driven by the 
demand to reduce their existing store inventory (of mass produced bikes). This leads to 
two kinds of problems for Steppenwolf in regard to downstream integration: to secure a 
high-quality customer elicitation process, and to motivate sales persons to promote 
Steppenwolf’s on-demand manufacturing system despite an existing inventory of 
made-to-stock bikes. 

5.2.3 Downstream integration strategy 

As a measure to address the first problem in regard to retail integration (i.e., to guarantee 
a stable and high-quality sales process), Steppenwolf invested in shop design consulting 
efforts by providing the retailers with product samples and displays, as well as sales 
training, and the provision of sales guidelines. These training sessions and guidelines 
ensure the qualification of the sales personnel selling customised bikes. IT system 
integration has also been partially accomplished – an important requirement for data 
mining activities as described above. Cross marketing activities in which marketing 
concepts are developed and executed in close cooperation with the retailers are another 
way to boost retail integration. Joint design efforts are also planned in order to optimise 
the sales process. Other targeted instruments include sales events at retail locations, the 
implementation of user communities, and the effort of realising a joint customer database. 
Finally, all these instruments shall also solve the second challenge of retail integration: of 
motivating retailers to sell a bike that does not yet exist at the time or purchase, and to do 
so despite a tempting stock of existing bikes at most stores. 

5.3 Internal integration 
5.3.1 Internal integration demand 

A final demand for more integration can be found at Steppenwolf: management found 
that mass customisation is also a challenging model for its own employees. Employees 
have to implement and control individual logistic processes or guarantee the error-free 
production of individual products. This implies strict requirements for quality control, as 
well as the understanding that within a mass customisation system, all orders are rush 
orders and of high priority. 
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5.3.2 Internal integration problem 

Many of Steppenwolf’s employees originally learned and performed their profession 
within traditional industry structures. This socialisation process prevents many employees 
from switching to a mass customisation philosophy. Such a change of mind encompasses 
the understanding of customer needs, the transformation of these into internal production 
capabilities, and the ability to manage an overall process focused on individual products. 
For these reasons, Steppenwolf saw itself forced to change its personnel almost 
completely three times during its first ten years of operations. This problem of internal 
integration also involves changes in the organisational structure, e.g., unqualified 
employees have to be more closely supervised by management than they do in a mass 
production business. 

5.3.3 Internal integration strategy 

This case shows that mass customisation requires individual qualifications that are not 
part of traditional learning and training programmes – not even in highly qualified 
industrial countries like Germany. Mass customisation qualifications are simply not 
easily found among employees. Also, they often represent more of an attitude than the 
knowledge side of an employee’s personal competencies. This results in higher demands 
for recruitment activities and internal training programmes (Salvador and Forza, 2005). 

6 Case assessment of Steppenwolf 

An analysis of Steppenwolf reveals a set of distinguished strengths, weaknesses, 
opportunities, and threats (see SWOT analysis Table 3). The fact that Steppenwolf 
is a rather small and independent company presents advantages and disadvantages. 
Advantages are primarily based on the existence of valuable and exclusive customer 
data to be used for strategic partnerships in the entire industry. Disadvantages are 
the dominance of the component suppliers and the dependence on the existing 
retail structure. 

Table 3 SWOT analysis (strengths, weaknesses, opportunities, and threats) 

Strengths Weaknesses 
Highly flexible organisation 
Continuous replenishment of the product offering 
Dedicated management 
Valuable and exclusive customer data 
(to be used for strategic partnerships in the whole 
industry) 

Limited human resources 
Limited financial resources 
Dependence on retailers 
Dependence on dominant suppliers 

Opportunities Threats 
Established ‘Steppenwolf Custom Made’ brand, 
reflecting targeted customers’ attitude towards 
bikes 
High quality product 
Potential for expansion in further markets 
(European countries) with multi-channel sales 
(internet and other) 

Competition from the standard bike 
manufactures 
Unknown market potential for customised 
bikes 
Insecure market development on the main 
market in Germany (e.g., further price 
competition) 
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As we have seen in the first section, Steppenwolf is not the only company offering 
custom bicycles. It is confronted with a number of competitors who are moving into this 
profitable niche. Further competition is expected to come from traditional bike 
manufacturers. Some of these firms will gradually offer more customisation in the future 
(Bärhold et al., 2004). Other firms will focus on more standardisation, which will lead to 
a further diminishment of prices and margins. Steppenwolf’s strategic goal is the market 
dominance of the mass customised premium bike segment. To reach this challenging 
position, it has to master a number of demanding tasks in the future: 

• The company has to continuously redefine its product offerings according to 
assessed customer demands and technological developments with a focus on product 
quality. 

• Steppenwolf has to emphasise its system to analysis customer demands in order 
derive better data for market-oriented product development and sales. 

• It has to become the focal actor of the entire mass customisation value chain 
including suppliers, retailers, and end customers. 

Moreover, Steppenwolf’s management is debating the following mid-term objectives: 

• To extend today’s sales channels by adding its own select retail stores and an internet 
sales offering. These direct channels will allow Steppenwolf to gain even closer 
access to customer data while acting as pilot stores for the entire industry, motivating 
retailers to move towards mass customisation. 

• To supplement its high-price offerings with a special programme for a more 
price-sensitive customer segment (e.g., by also offering pre-configured bikes with 
very limited customisation offerings). 

• To focus on a few basic bike models with the option of customising these standard 
models along a number of dimensions, reducing the overall perceived complexity of 
product choices. This involves the continuous replenishment of the number of basic 
product variants (from Steppenwolf’s initial offering of about 2500 basic variants, 
the objective is to reduce the today’s number of basic variants of around 500 to a 
level of 250). 

Yet attaining a dominant position on the market cannot only be achieved through 
foresighted marketing and product development efforts. Such a strategy also demands 
organisational adaptation. After ten years of growth, the Liertz brothers have learned that 
an organisation, once defined, often only has a short lifespan. Employees have to be 
continuously trained to be able to meet the increasing market demands of 
individualisation and ensure the internal requirements of flexibility and cost efficiency. 
Learning from this experience, Steppenwolf’s main efforts today are geared to the 
conception and implementation of an organisational model that is scalable for future 
growth. This includes the implementation of flexible and efficient processes, supporting 
IT systems, and adequate controlling instruments. 
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Abstract: Men’s suits have a high degree of potential for becoming 
mass-customised products. A tailor-made suit offers an excellent fit, but the 
price is too high for most people. On the other hand, an off-the-rack suit is low 
cost, but may not fit properly. Made-to-measure suits have always been 
manufactured in low volumes. This indicates that there is a market for 
mass-customised suits. Turo Tailor, the leading mass customiser in the Finnish 
apparel industry, had this in mind when it developed the Windowshop (WS) 
concept. Standardising the measurement and fitting-on process is one of the key 
factors of WS. Turo Tailor has received a lot of positive publicity through WS, 
which worked well as a marketing tool. The future will show if Turo Tailor can 
expand WS into a large-scale retail channel. 
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1 Introduction: the men’s suit industry and market in Finland 

The recent history of Finnish textiles and clothing has not exactly been a success story. 
The collapse of the Soviet Union and the depression in the early 1990s had dramatic 
effects on the textile and clothing industry. Moreover, continuously increased imports 
from low-wage countries have made it hard to compete in the market. The companies that 
are still operating are either specialised in one type of apparel, such as work clothing, or 
have transferred their production to lower labour-rate countries like Estonia or Romania. 
The total production volume of the textile and clothing industry has been decreasing at 
least for a decade, as shown in Figure 1. Parallel to the volume, the number of employees 
has also decreased from 15 000 to 10 000 during 1993–2003, as shown in Figure 2. 
Moreover, the employment trend in the textile and clothing industry in the EU generally 
resembles that of Finland. 

Figure 1 Volume index of textile and clothing industry 

Sources: finatex.fi; Statistics Finland 

The situation of the market for men’s suits is similar to that of the clothing industry. In 
the 1970s, there were a number of small factories producing suits. Only eight survived 
into the 1980s, and after the depression of the early 1990s, there were only two 
manufacturing companies for suits left in Finland, Turo Tailor and Karjalan Puku. One 
additional company is still in existence, but all of its production has been transferred to 
low-cost countries. Nobody knows exactly how many men’s suits are sold annually 
in Finland because no statistics are available; rough estimates range from 130 000 to 
140 000 suits. These figures are based on the production rates in Finland, as well as 
known volumes of exports and imports. The annual production rate in Finland is around 
50 000 suits. The manufacturing done in Finland is for special and high-class suits, as 
well as for garments with high-priority delivery times. No large-scale manufacturing is 
profitable in Finland at its current labour pay rates. 
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Figure 2 Employment in the textile and clothing industry 

Note: *Statistical change 

Source: Statistics Finland 

Turo Tailor has a market share of approximately 40% in Finland. For basic black suits, 
the market share is even higher and it is almost impossible to increase it further. In no 
other European country does any company have a similar share in the men’s suit market. 
The peak season of the Finnish suit market is spring because of graduation parties and 
summer weddings. Finns spend an annual per-capita average of 507 euros on clothing 
(finatex.fi), which is one of the lowest expenditures for clothing in the EU. A suit 
typically costs between 300 and 400 euros, making it a garment that men do not buy all 
too often. 

The retail market in men’s suits is dominated by four big players: two large 
department store chains and two clothing retail chains. There are still a few smaller 
chains and some shops that specialise in men’s clothing. The problem is that smaller 
retailers cannot store all the required sizes and colours, which makes it really difficult for 
them to compete in the market. It seems that in the future, the market will become more 
concentrated and only four big players will remain, and possibly four smaller 
retail chains. In addition, there are still some tailors in the market, but their market share 
is insignificant. A tailor-made suit costs around 2,000 euros, a custom-made suit 
(made-to-measure suit) around 600 to 1,300 euros, and a normal off-the-rack suit 
approximately 300 to 600 euros, depending on the manufacturer. 

When it comes to men’s clothing, a suit is said to be the most difficult garment to sell. 
Men are a demanding customer segment and there are so many different small details to 
be considered that a purchase is difficult to make without having had a proper fitting. In 
many cases, this means that women are involved in the purchasing decision because men 
are generally not keen on shopping for clothes, and they often want to have a second 
opinion when buying something as expensive and important as a suit. However, female 
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consumers are not familiar with all the details of a well-fitting suit, because women’s 
suits are tailored differently. Therefore, it is important that sales personnel be sufficiently 
knowledgeable and trained to help a customer choose a well-fitting suit. 

One of the most essential things in making a perfectly fitting suit is to be able to 
adjust the measurements according to the customer’s wishes. Taking accurate 
measurements and attaining the well-fitting feeling that a customer is looking for are two 
different things. Some people are used to wearing really tight suits, while others prefer a 
loose fit. This means that the manufacturer has to be a good guesser. This is especially 
important in the case of a custom-made suit, because a customer who wants to have a suit 
made to his measurements expects it to satisfy his personal idea of comfort. Fashion 
trends in particular have a great impact on what is understood to be an ideally fitting suit. 
These are some of the factors that make the standardisation of measurements for a 
customised suit a challenging undertaking. 

2 Turo Tailor Ltd. 

Two young entrepreneurs founded Turo in 1938 in Kuopio. The company, whose name 
was later changed to Turo Tailor Ltd. in 1988, initially manufactured overalls and other 
work clothing. During World War II, Turo manufactured clothes for the Finnish army. 
After the war, Finland experienced a golden age in the clothing industry, which gave a 
significant boost to Turo’s growth. At the beginning of the 1960s, Turo started to 
manufacture men’s suits. Around that time Turo retired from the work-clothing business 
and concentrated more on fashion apparel. In 1980, the company decided to focus 
exclusively on classic men’s clothing such as suits, jackets, overcoats and trousers. 
Throughout its history, Turo has manufactured a wide variety of clothing, including 
sportswear, raincoats and ladies’ wear. Turo began large-scale exporting in the 1970s and 
concentrated on exporting to the UK, especially to Marks & Spencer. During its best 
years in the early 1980s, Turo was the largest suit manufacturer in northern Europe, with 
a daily volume of 2300 suits manufactured at the Kuopio factory, 1300 of which were 
exported to the UK. This golden age of UK exports had a major effect on Turo Tailor and 
its know-how. For Marks & Spencer, the quality was important, and they therefore had a 
person occupied with checking the seams and another to check the quality of the fabric, 
etc. In this manner, Turo Tailor gained a wealth of knowledge from a demanding 
customer about the requirements for good men’s suits. Scandinavia was another chief 
export area. The trade with the Soviet Union was about 10% of the production volume at 
its highest, which is low compared to other clothing companies in Finland. Overcoats 
were the main export item to the Soviet Union; only a marginal number of suits were 
exported to that country. 

Exports to the UK decreased at the end of the 1980s, and the devaluation of the 
British pound ultimately caused exports to come to a halt in 1991. This was a bad time. A 
little earlier, the collapse of the Soviet Union had dramatically affected many clothing 
and textile companies in Finland, where there was a deep depression at the time. Turo 
had to make many workers redundant and since then, has never managed to grow back to 
the same size. Turo Tailor’s daily production volume currently lies at around 150 suits in 
Finland. Turo Tailor also manufactures suits in Estonia, China, Slovakia, the Czech 
Republic and Romania. Also, Frislid in Norway is part of the Turo Tailor Group 
and is specialised in manufacturing classic menswear like suits and jackets. Today the 
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factory in Kuopio is still the largest suit factory in Scandinavia, and Turo Tailor 
is the biggest manufacturer of men’s suits in the Nordic countries. The company also 
operates the joint venture As Villero in Estonia, of which it owns 75%. As Villero 
manufactures trousers and has 51 employees. Also, Turo Tailor has a factory in China in 
which some suits are manufactured. In 2003, the Turo Tailor Group’s turnover was 
23.5 million euros, approximately 20 million of which came from Finland and the 
remainder from Frislid. In addition to Finland, the primary markets are Sweden, Norway, 
Denmark and the Baltic countries. Turo Tailor also operates in Russia, but so far the 
volume there has been quite insignificant. 

Turo Tailor has four different trademarks for different market segments. Turo Tailor 
Classic is timeless clothing for Scandinavian men. The Turo Tailor Classic collection 
offers suits for both workday and celebrations, from everyday suits to black-tie and 
white-tie suits. The Basie collection is classier and mainly for businessmen who 
appreciate first-class quality and modern style. Two other collections are more 
fashionable: Oliver for the trendsetting man and St. Jacques for younger businessmen. In 
addition, Turo Tailor manufactures overcoats for adult men under the brand name of 
Oratop. The coats are well suited for business purposes and there is an elegant and 
detailed range of jackets for leisure dressing. The manufacturing of Oratop coats is 
outsourced to Estonia and Lithuania. In Norway, suits are sold under the trademarks 
Frislid and Abito. As in Finland, Turo Tailor, or actually Frislid, is the leading 
manufacturer and marketer of men’s clothing in Norway. 

Turo Tailor competes in the market with a well-known brand and good availability. 
Retailers know that Turo Tailor is able to deliver suits whenever needed thanks to large 
local inventories. Being a local operator, Turo Tailor can offer a wide variety of different 
sizes that fit Scandinavian men. Also, service is one of Turo Tailor’s main competitive 
advantages. Salespeople visit retailers many times each year – not just on the two annual 
selling or training days that foreign suit manufacturers organise in Finland. Brands 
competing with Turo in Finland are Kaleva (Karjalan Puku), Hilton and Boss. CK and 
Armani have such marginal volumes that they are not considered true competitors. 
However, the more the standard of living rises and the more the price level of 
international brands falls, the more competitive these brands will become. According 
to consumer research, the Turo Tailor brand was considered to be in the same quality 
category as Boss, for example, and the regional competitor Kaleva has a more 
old-fashioned and local image than Turo does. 

Table 1 Overview of company data 

Name Turo Tailor Group – Oy Turo Tailor Ab 

Address Teollisuuskatu 1, 70601 Kuopio, Finland 

URL www.turotailor.fi 

Year of foundation 1938 

Number of employees 143 

Net sales (2003) 23.5 M € 

Industry Textile and clothing 

Products Men’s wear and especially men’s suits 

Markets Scandinavia 
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3 The Turo Tailor Windowshop concept 

For a long time, customers have been able to order custom-made suits from Turo. 
However, during the last few years of cooperation with Marks & Spencer in the late 
1980s, Turo realised that it could not compete in price, and that large-scale 
manufacturing series were not possible anymore. This triggered the movement towards 
customised and even mass-customised suits. In the mid-1990s, custom-made suits were 
made more widely available for everyone. Turo Tailor started a service called 
‘Measurement Day’, in which a specialist from Turo Tailor went to a retailer to take 
measurements from customers who wished to order custom-made suits. Taking 
measurements for custom-made suits requires special knowledge and there are only a few 
experts in Finland with the competence to do this. Turo Tailor normally has its own 
expert take measurements and advise customers as to what is feasible. This was the first 
step in training customers to order made-to-measure suits through a channel that was 
normally used to sell off-the-rack suits only. To be able to offer mass customised suits, 
the measurement process had to be standardised so that practically anyone could take 
measurements without making any serious errors. 

The idea came from the marketing department. The cornerstone for the idea was to 
offer a customer the possibility of designing his own suit. Turo Tailor created the 
Windowshop (WS) service concept with one main retailer. WS offers mass customised 
suits and provides retailers with the possibility of offering their customers a customised 
suit for less money than a tailored suit or custom-made suit would cost. WS suits do not 
directly compete with tailored suits, but rather, they offer a retailer the chance to serve 
customers better so that they will not have to leave the store without purchasing anything. 
A WS suit has less variety than a custom-made suit, but the variety is wide enough for 
most customers. For the retailer, WS offers a wide variety of styles, fabrics and sizes 
without having to stock a large inventory. It is generally too expensive to have models of 
each possible suit combination presented at the shop, and WS aims at filling in this gap 
using only a couple of square metres of floor space.  

WS was originally planned as a computer program that the customer could use to 
choose different fabrics, collars, buttons, vents and cuffs, and to view the chosen details 
put together as a finished suit on a computer screen. The shop would have the fabric 
samples and test models to help the customer concretise his design by giving him the 
chance to actually touch the chosen fabric and see similar suits in real life. It was thought 
that this would be especially popular among younger people and attract this customer 
segment the most. At the time WS got started, young people were not really ‘into’ 
wearing suits, but the situation has recently changed and suits are becoming more 
fashionable with this age group. 

For mass-customisation reasons (costs, fast delivery time and standardised fitting 
procedure), certain things had to be standardised. The torso of a suit is therefore limited 
to two styles: a classic and a modern fit. Similarly, certain inner components are standard, 
while in the case of a custom-made suit all paper patterns are unique. The fabric variety is 
limited in WS to a total number of 15 fabrics, and each fabric has either one or two 
colours. The lengths of sleeves and legs can be changed along with certain design details 
(two or three buttons, single or double-breasted, jacket with or without vents, trousers 
with or without pleats, and trousers with or without cuffs). The tolerance in length is 
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0.5 or 1 cm. The collection has a minimum of 15 sizes and there are over 200 sizes 
available in the system. Moreover, the size of the jacket and trousers can differ for the 
same suit. 

As mentioned above, the WS concept requires only a couple of square metres of floor 
space in a shop. There is a rack where samples of WS suits, trousers and jackets are 
displayed, and then a folder to present all the materials and colours in the collection. The 
basic collection currently has about 15 different fabrics, and the seasonal collection holds 
around five different additional fabrics. In this small space, a retailer can offer the entire 
variety of sizes. Customers can try on a basic suit made of Super 100 wool, and the 
retailer has all the sizes available at the shop, as they are sold in the normal collection. 
One possibility would be to give all shops all possible sizes, but this would require at 
least three more square metres of floor space, causing a problem over space. The WS 
concept requires less space in the shop when the retailer is already a merchant for the 
same collection of suits and has them in stock. A few samples and the sample folder 
bring all the sizes, colours and different style options to the shop without actually having 
to have them physically present at the store. 

The Turo Tailor WS shop-in-shop (Figure 3) has manikins that are dressed in 
different combinations to show customers possible combinations. The idea was to 
provide a window for male consumers to look in on the world of ensembles. Men can 
have difficulty imagining what colour of shirt to wear with a certain kind of jacket, for 
example. The combinations can even be changed every week. This way, customers can 
be exposed to more variety while retail sales are simultaneously increased. The original 
idea was that Turo Tailor’s employees would dress the manikins with products from the 
retailer’s assortment. This guarantees that Turo Tailor can display the suits according to 
its wishes, and the retailer’s assortment receives more attention at the same time. Also, 
customers can buy the products displayed because they are available in the store. 

Figure 3 Windowshop shop-in-shop 
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4 The interaction and configuration process 

Buying a WS suit is quite a straightforward process. A salesperson helps a customer 
design his own suit. First the fitting is done to find the right size. For this purpose, 
off-the-rack suits in stock can be used because the measurements of the torso are the 
same. This reduces the need to have fitting samples made especially for WS. The fitting 
is done with the exact same torso style, and WS suits can therefore use the same paper 
patterns and sizes as the regular collection. However, this means that the retailer must 
also sell off-the-rack suits at the store to be able to provide these fitting suits for WS 
customers. Furthermore, it is important that the fabric of the fitting suit is similar to that 
of the WS suit, because the chosen fabric affects the fit of a suit. Even when the suit is 
made with exactly the same measurements, if the fabric is different, the customer might 
feel a difference in the size. That is why Turo Tailor uses only Super 100 wool fabric for 
WS suits. 

A salesperson takes the measurements of the sleeves and legs. These are entered into 
a WS ordering form before assistance with the selection of colour and fabric is offered. 
All details such as cuffs, slits, vents and buttons are also chosen from predetermined 
options. The WS ordering form is filled in on a computer (Figure 4) and an electronic 
order is delivered to Turo Tailor’s factory in Kuopio, where it is stored in the database. 
Within two weeks, the suit is delivered to the WS retailer for the customer to pick up. In 
this sense, a WS suit has an obvious advantage over a custom-made suit, which usually 
takes around four weeks to be delivered. At 400 to 500 euros, the extra cost for a WS suit 
is about 20% of the cost of an off-the-rack suit, whereas a custom-made suit costs around 
600 to 700 euros. The department store in our example also sells other custom-made 
suits, such as the Italian brand Ermenegildo Zegna. These suits run to about 1,300 to 
2,000 euros apiece. Table 2 shows a comparison of the differences between suits offered 
by Turo Tailor. 

Figure 4 Windowshop ordering form 
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Table 2 Comparison of different suits offered by Turo Tailor 

 Off-the-rack suit Mass customised WS suit Custom-made suit 
Fitting procedure With same suit With standard suit No actual fitting; 

standard suit is used as 
a comparison 

Standard pieces All Torso of the jacket Practically none 
Customisation in 
measurements 

None Length of sleeves and legs No limits, always by 
measurements 

Size of trousers 
and jacket 

Always identical Can differ No limits, always by 
measurements 

Fabric Depending on 
collection 

Always Super 100 wool, 
around 15 different 
designs 

Can be chosen, affects 
delivery time 

Colour Available in shop Normally two per fabric Can be chosen, affects 
delivery time 

Paper patterns Standard Partly standard and unique Always unique 
Delivery time Right away two weeks Normally four weeks 
Batch size 7 or 10 1 1 
Price (€) 300–400 400–500 600–700 
Suitable for Normal body type 

and size 
Normal body type, all 
sizes 

All body types and 
sizes 

5 Mass-customisation capabilities and processes 

5.1 Manufacturing and logistics 

The factory in Kuopio produces all the custom-made and WS suits, and fills in the gaps if 
there are production difficulties elsewhere or a need for quick replenishment arises. The 
factory has a capacity for 30 custom-made or WS suits per day. Cutting for WS suits is a 
little faster than for custom-made suits because standard parts can be used to some extent. 
WS or custom-made suits take up to 15% of capacity, but their share of all production 
comes to about 1%–2% in terms of the number of manufactured suits. 

The production line for WS and custom-made suits runs parallel to that for normal 
production and uses the same resources. Normal suits are manufactured in batches of 
seven for jackets and ten for trousers. A WS suit batch always consists of one suit. The 
manufacturing process of a WS suit does not differ from the regular process. In the case 
of a custom-made suit there are some extra production tasks. The total throughput time is 
normally six to seven days and can be easily reduced to five days. Turo Tailor has all the 
offered fabrics in stock. Should a fabric have to be specially ordered, the normal delivery 
time is one week. 

When a WS order arrives at the factory, it is entered in the database as an outstanding 
order. First a cutting order is made, which includes information such as the customer’s 
name, delivery date, fabric and colour. This cutting order follows WS suits throughout 
the manufacturing process. Because a WS suit uses the torso of a normal suit, there are 
already blueprints in the system, and paper patterns for cutting are therefore quite simple 
to make. These paper patterns are normally designed beforehand, during the stage of 
style-and-fabric combination. Special features like vents, pleats and cuffs have also 
already been entered into the system. There is no need to further automate the present 
order-entry procedure, as the volumes are quite low and control is required when entering 
the information into the system. For example, if an impossible combination has been 
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made in the order, this should be recognised as early as possible. Furthermore, if there is 
a combination that cannot be found in the blueprint library, a new blueprint must be 
added to the system as soon as possible so as not to delay the production and delivery of 
the product. 

5.2 IT system 

Turo Tailor does not have an integrated computer system, which is why not all ordering 
details are entered into the system. Moreover, the production database does not allow the 
storage of individual orders in the system for a long time. This is why the patterns are 
stored for a while in the production system, while other customer information is handled 
and stored by the secretary, who enters all the WS and custom-made suit orders into the 
system. This currently limits the potential utilisation of customer information, but does 
not pose a big problem with the present volumes. Moreover, people’s measurements 
change easily, which means that measurements have to be taken every time a suit is 
ordered to ensure a good fit. This reduces the need to store the information, because in all 
likelihood, it cannot be reused anyway. The database is not available to the retailers; only 
Turo Tailor has access to it. However, every single retailer has its own customer 
information database that can be used for marketing purposes. Turo Tailor does not 
directly use customer information for marketing purposes, or even systematically for 
any purposes. 

5.3 Sales channel management 

Because WS was developed in cooperation with one retailer, it cannot be expanded to 
other retailers. This limits the possibilities of the concept. However, Turo Tailor is 
designing a similar system with another major retailer. The new mass-customised system 
is called Smart Store. It will be quite similar to the WS system. The biggest difference 
will be that the Turo Tailor Classic collection will be sold in the Smart Store instead of 
the Basie collection. For Turo Tailor, WS is an important sales-promotion method: by 
means of WS, the company has been able to obtain the best sales spots in clothing 
departments. The first WS was opened in the best location of the menswear department in 
Finland’s largest department store. At the centre of this department, there are four 
manikins dressed in WS suits and spotlighted from top to bottom. To obtain such a spot 
with this much attention would have normally cost an enormous amount of money, and in 
practice, Turo Tailor could not have achieved this with traditional methods. Therefore, 
WS is primarily seen as a marketing concept, but it simultaneously offers benefits to 
customers by providing an opportunity to order better-fitting suits in personally chosen 
colours and materials. 

Turo Tailor still offers its Measurement Day service to other retailers, but not the WS 
retailer. It tried Measurement Day with the WS retailer, but the sales volume was 
significantly lower than usual. It looks like WS has been a good replacement for this 
service. At the moment, Turo Tailor is putting a lot of effort into training sales personnel 
in using WS. One person has been hired as a product manager for WS and custom-made 
suits. A significant part of his job is to train sales personnel in selling suits. In addition, 
his goal is to make WS a premium choice rather than a last possibility when the customer 
has found nothing else in the shop. 
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5.4 Product development 

Turo Tailor has a big advantage over its competitors because product development is 
done in-house. This provides convenience in introducing new models and leads to good 
feedback between product development and production. Another important factor is that 
suits are designed especially for the Finnish man. Turo Tailor’s suits are different from 
Italian or German suits when it comes to fitting: they seem to fit Finnish men better. 
Moreover, in-house product development helps explain the requirements of mass 
customisation when certain measurements have to be standardised. For this purpose, Turo 
Tailor uses a so-called measure-point system, in which all sizes are predefined. This 
facilitates the production of paper patterns considerably. 

Know-how in changing paper patterns according to actual needs in order to 
manufacture well-fitting suits has been gained over the years. One of Turo Tailor’s core 
competencies is to be able to offer suits that have accurate measurements for Finnish 
men. All this technical product development is done in-house by so-called pattern 
specialists. They are responsible for how the sleeves are fitted, how the suit rests on the 
shoulders, etc. Aesthetic product development or design involves how the suit is cut, e.g., 
whether it will ultimately have a loose or tight fit. When developing design aspects, 
choosing fabrics becomes important, as does deciding on how to make vents or how 
many buttons will be used. The fabric fairs held twice a year provide new ideas for suit 
materials, and benchmarking is also a way to see what is going on in the clothing market 
in general. Even men’s suits do not follow the latest fashion trends in all details, and 
minor details like vents may be added or removed. Whereas fresh wind is desired in the 
St. Jacques and Oliver collections for younger people, the Turo and Basie collections are 
more traditional and, with regard to measurements, more or less the same each year. For 
example, Turo has one model that has been in production for nearly 20 years and it has 
not visibly changed at all, even though minor modifications to the model’s accoutrements 
and fit have been made over the years. 

5.5 Early success of Windowshop 

WS was launched in 2001, but from the perspective of sales volume, the early days were 
not a success. The biggest problem in the beginning was more or less related to personnel 
and motivation. There was also a tailoring service at the same department store and the 
person in charge was quite competent in taking measurements for well-fitting suits. The 
target groups of both services were so similar that their interests overlapped. The person 
in charge of WS did not support it strongly enough. This meant that custom-made suits 
were more frequently offered as a choice when a customer had been unable to find an 
off-the-rack suit that fitted. Furthermore, it turned out to be a bit taxing for consumers to 
design their own suits themselves and, in addition, to wait almost three weeks for its 
delivery, which was the standard time back then. Customers usually wanted a suit right 
away. There was also confusion and some dissatisfaction among customers in the 
beginning, because in some cases the fitting was done with a different kind of suit than 
was sold. This meant that the suit the customer received did not always fit quite as 
well – an obvious cause of disappointment. Soon the system was changed to a more 
standardised version and all fitting was done with similar suits made with Super 100 wool 
fabric, which hardly stretches at all. 
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Turo Tailor hired a new product manager for WS and custom-made suits who 
had a positive effect and did a lot of work renewing and developing the product range. 
Subsequently, WS was able to offer more variety and it became a way to complement 
the range of off-the-rack suits. The training offered to sales personnel also had a positive 
effect, and now more salespeople are selling WS suits. Results have been significant 
and the sales volume has doubled every year, clearly surpassing the original goal. After 
attaining such a positive outcome, all of the retailer’s outlets obtained their own 
WS shop-in-shop in 2004. When WS expanded to other outlets, there were no major 
problems at all thanks to the experience gained from the first case and extensive 
training for sales personnel. This has led to increased confidence in WS, and based on 
customer feedback, for example, it is now obvious to salespeople that WS suits have 
begun to enjoy more success than custom-made suits. The attitude of salespeople is 
positive towards WS and their one wish is to have more suits for customers to try on at 
the shops. WS provides sales personnel with a way to influence variety in the shop, 
which is an obvious advantage. Normally, procurement agents buy all the suits and thus 
decide on the variety. WS transfers part of this decision to sales personnel, and because 
of this, they are more willing to work with WS. The WS collection was expanded in 
summer 2005 and now a dinner jacket, cut-away coat, and white-tie suit are all included 
in the collection. These could become a success because for one reason, ordering a 
tailor-made white-tie suit is expensive and the average consumer is unwilling to pay the 
price. WS offers a custom-made white-tie suit at an affordable price and the two-week 
delivery time is acceptable. 

Today, Turo Tailor enjoys a good share of the Finnish market, and growth is not 
sought in the form of increased volume. The number of suits sold will probably not 
increase in the future. An increase would be more likely in the number of coats and 
trousers, where growth potential exists. New products and distribution channels are ways 
to improve growth and competitiveness. Also, closer cooperation with customers offers 
good prospects for the future. Turo Tailor sees a lot of potential in their WS concept: they 
believe that many improvements could be made and they dream about making the 
computer program three-dimensional, as well as adding more features to it. There are 
some far-reaching ideas to improve WS, such as the customer’s being able to see the suit 
on himself on a screen after scanning a photo of the customer into the programme, or 
viewing real-time changes on the screen after changing any options or details of the suit. 
Moreover, it would be advantageous to be able to offer customers 3D scanning at stores. 
Turo Tailor’s mass-customisation concept can be easily expanded to its Norwegian 
subsidiary, Frislid, because Frislid uses paper patterns similar to those of Turo Tailor. 

Selling suits is quite difficult. One big challenge is differentiating suits, because in the 
business world where they act much like uniforms, most of them are black. The way WS 
suits are displayed offers a possibility of bringing more colours and fabrics into the shop 
and training customers to buy something other than regular black suits. In addition, WS 
provides helpful hints in choosing trendy shirts, ties and knitwear. The most challenging 
task is to train personnel to sell WS as a premium choice to customers instead of offering 
it as a ‘last chance’ to provide the customer with something suitable, which could give 
the impression that the product is not particularly appealing or perhaps even of low 
quality. This requires a lot of training and the product manager visits shops regularly to 
increase the knowledge of the benefits offered by WS. Nevertheless, it is generally not 
held that WS or custom-made suits will ever replace off-the-rack suits. The major sales 
volume is, and always will be, in off-the-rack suits. 
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6 Case assessment 

The fundamental idea behind the WS concept is to create added value for Turo Tailor’s 
customers. WS makes it possible to serve consumers better than before. If a customer 
enters a shop and cannot find what he is looking for, he leaves the shop and goes 
somewhere else in search of what he wants. It is probable that the next time around, he 
will head straight for the shop where he found what he was looking for the last time. This 
is especially true in the case of men, who are not so keen on shopping around as women. 

Being a market leader provides Turo Tailor with obvious strengths. The company has 
a well-known brand and this position implies a certain degree of bargaining power. The 
advantages of WS are connected to a new way of doing business. WS requires only little 
floor space while simultaneously offering a large variety. Furthermore, it offers a fast 
channel for replenishing collections. WS makes it easy to introduce new fabrics or 
colours in the middle of the season. Potential growth depends on men’s buying habits; 
either customers have to tolerate longer waiting periods or Turo Tailor has to cut back its 
delivery time. For example, the normal time required for shortening sleeves or legs is 
about one week. Thus, a one-week-delivery-time goal would suffice. As Turo’s product 
manager mentioned, it is somehow strange that men can buy a car by choosing the colour 
from a little sample and wait for months for the car to arrive, but when buying a suit, they 
get impatient with waiting two weeks, even though a suit costs only one-hundredth of the 
price of a car. 

At the moment, one retailer holds exclusive rights to WS, which makes it impossible 
to expand the brand to other retailers. Turo Tailor has to launch a new brand for other 
retailers, which might cause confusion among customers. Similarly, there are problems 
with reusing information. Because the shape of the human body changes over the years, 
individual measurements become useless. The contact information could be used more 
effectively as marketing information, but neither Turo Tailor nor the retailer has 
exploited this potential. For example, WS offers a possibility of obtaining more precise 
information on men’s sizes, which could be used in regular production. 

It is not easy to point out one dominant competence. A ranking of competencies by 
Turo Tailor’s management revealed that logistics and product development play the most 
important role for the company. Turo Tailor has managed logistics well and is 
geographically close to the customer. The delivery time from the factory to a retailer can 
take less than 24 hours. Moreover, the company has a lot of experience in single-suit 
deliveries, and a WS suit can be shipped through normal channels. Fast information flows 
and deliveries are factors that enable success. Yearlong experience in suit manufacturing 
combined with in-house product development is also important. Turo Tailor has been 
able to standardise the pattern-making process in such a way that patterns for a new size 
are quick and easy to make. Even though the company does not have an integrated 
computer system, the management considers its IT system to be an important success  
factor. Separate systems work fine and are suitable for the current volumes. The paper 
patterns programme is effective and new patterns can be made at short notice as a result 
of the standardised pattern-making process. 

To become successful, a mass customiser requires competent and motivated 
personnel, as in this case. Turo Tailor has experienced difficult times, and major changes 
like downsizing and transferring some production to low-wage countries have been made. 
In such cases, the role of leadership in keeping personnel motivated is important and 
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should not be underestimated. It is worth noting that production technology itself is not 
an important competence. Suits are manufactured in a similar manner everywhere, and 
the technology itself is quite old. Manufacturing has always required manual labour and 
things will most likely stay this way in the future. 

There are also some other manufacturers that customise clothing. Perhaps the most 
famous example is Levi Strauss, which, however, has now withdrawn from the market. 
Lands’ End and its supplier Archetype has had better success (Drickhamer, 2002). 
However, a suit is a much more complicated product than jeans, t-shirts or trousers, and a 
comparison with such manufacturers is not entirely appropriate. There are also reported 
high-street, store-based mass customisers, of which two out of four have stopped offering 
this service (Taylor et al., 2001). In any case, it appears that these high-street cases 
involve made-to-measure garments, rather than the mass-customisation products this 
paper is concerned with. However, this is not explicitly reported in the literature. 
Similarly, Brooks Brothers manufactures custom-made suits. They use a 3D body 
scanner to collect customer measurements and create an individual pattern based on the 
measurements (Cornell, 2003). This method is considered to be a made-to-measure 
approach in this paper. As such, Turo Tailor’s invention of using partly standardised 
patterns is a new approach that is advantageous in its delivery time and costs. 

When Turo Tailor started Windowshop, it was not actually aiming at mass 
customisation. The company merely wanted to standardise the custom-made suit-ordering 
process. Using standardised suit torsos and a limited number of fabrics, Turo Tailor was 
also able to simplify the manufacturing process and thus reduce delivery times. An 
important aspect was that from the very beginning, management viewed WS as a 
marketing tool, but there were no big hopes that it would be the new way to sell suits. It 
was seen as a complementary service and it has remained so today. Off-the-rack suits 
dominate the market, but WS brings a welcome variety. It has a lot of potential and the 
future will show if it turns into a big business. Its first steps have been promising. 

Table 3 SWOT analysis 

Strengths Weaknesses 

Large market share 

Turo Tailor is a well-known brand 

Extensive experience in custom-made suits 

WS is a good marketing tool 

A fast and effective way to introduce new 
colours and fabrics 

Always a good fit  

A good information channel 

One retailer has exclusive rights 

Two-week delivery time 

Little re-use of the information 

Opportunities Threats 

Buying habits will tolerate more waiting time 

Custom-made clothing is becoming a trend 

Other manufacturers will enter the market 

The price level of exclusive clothing 
will decrease 

WS will remain a marketing tool or will never 
become a retail channel 

Men will continue to buy only black suits 
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