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Foreword 
 
This report describes the result of a literature review on innovation in four sectors. 
The idea of the review was to draw lessons for innovation in the energy sector to 
accelerate energy technology learning curves. After many, many hours of search and 
reading we found out that publicly accessible academic journals and periodicals of the 
last 10 to 15 years hardly report empirically grounded knowledge on (quantified) 
learning curve dynamics in economic sectors outside the energy sector. However, the 
review resulted in substantive knowledge on innovation dynamics in the four 
economics sectors, although less detailed as initially hoped for.  
 
A few very interesting and productive interviews with sector specialists, whose names 
are listed in the appendix, enabled us finding our way in the four sectors in a 
relatively short period of time. The authors highly appreciated the interviews and 
kindly thank the interviewees for their precious time and high quality information.  
 
Doing the review for the AER was an honor; discussing the (results of the) review 
with Mr. Wiechers, Mr. Van den Bergh and Mr. De Haan was an academic pleasure. 
The authors thank all three for the challenging and inspiring discussions on (energy) 
innovation.  
 
 
Enschede, March 2007 
 
Maarten Arentsen 
Peter Hofman 
Pier Stapersma 
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1 Introduction 
 
The Energy Council (AER) has initiated a literature review on learning curve 
research. The review has been conducted by CSTM of the University of Twente and 
covered four sectors: Telecom, automotive, medical technology and copiers and 
printers. The idea of the review was to find out what innovation in the energy sector 
could learn from the learning curve experiences in the four sectors. Innovation in 
energy technology is perceived to lag behind relative to the selected sectors but is 
strongly needed, among others, to reduce green house gas emissions (climate change) 
and for the greening of electricity supply.  
 
The aim of the literature review was to contribute to: 

1. knowledge on actual learning curves in the four sectors specified for the 
research, development, demonstration and deployment phase in technology 
development 

2. knowledge on the costs of learning curves 
3. knowledge on factors explaining the learning curves in the four sectors 

 
After several rounds of literature search it became clear that the academic literature 
did not refer to the learning curve on the level of detail intended by the project. Even 
worse, it showed that research on learning curves outside the energy sector is actually 
missing in the academic literature. Our extensive search resulted in many titles using 
the ideas behind the learning curve approach, but hardly any references directly 
applying the approach in a detailed and quantitative manner as intended by the 
review. One of the major conclusions of the review, therefore, has to be that the 
learning curve approach hardly has been a topic in journal articles outside the energy 
sector. Only in the energy sector the learning curve approach is more commonly 
accepted and applied for different purposes (Junginger, 2005, Junginger et al, 2004, 
Ibenholt 2002, Grübler et al, 1999, Schaeffer et al, 2004). Consequently the results of 
the review are far less specified and quantified as hoped for and intended at the 
beginning of the review. Scholars and practioners outside the energy sector might use 
the learning curve approach, but they do not publish results in the publicly accessible 
academic literature. The review resulted in many quantitative economic and 
econometric articles on innovation, but few report on relationships assumed by the 
learning curve approach. Before explaining the methodology of the review, we briefly 
explain what is meant by the quantitative learning curve approach, the initial 
perspective of the review. 
 
 
1.1 The learning curve approach1 
 
The learning curve approach follows the idea that the ability to learn is a core driver 
of technological change an innovation. Moreover, the amount and rate of learning can 
be calculated, modeled and predicted, which makes the approach a rewarding tool in 
ex ante future focused research, in particular in the energy sector. The quantitative 
learning curve approach has been invented by Wright in 1936 after he discovered the 
linear ratio between unit labor costs and the cumulative experience of employees in 
airframe manufacturing. The cost reduction turned out to be a constant percentage for 

                                                
1 The content of this section is based on Junginger, 2005.  
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every doubling of cumulative output (Junginger, 2005). This learning by doing 
principle quantified for the first time by Wright was taken further by the Boston 
Consulting Group (BCG, 1968). They modified the cost calculation by including 
other than only direct production costs and by widening the appliance of the approach 
form the organisational to the sector level.   
 

 
Figure 1.1 Example of a learning curve 
 
The learning curve is well known as the straight line when the relationship between 
unit costs and cumulative production is plotted logarithmic. The above figure shows 
an example of a learning curve (BCG, 1974) 
 
Mathematically the experience curve can be expressed as: 
 
 
CCum =  C0  Cumb 

 
Of 
 
Log CCum =  log C0 + b log Cum 

 
PR = 2b 

 
CCum : Cost per unit    C0 : Cost of the first unit produced 
Cum  : Cumulative (unit) production  b : Experience index 

PR     : Progress ratio 
 
The progress ratio expresses the rate of cost decline for every doubling of production 
(progress ratio of 80% equals a learning rate of 20%). This means that the smaller the 
progress ratio is, the larger the cost reduction. Junginger (2005) summarized the 
methodological issues of learning curve analysis. Although the idea is very simple 
(cost reduction follows cumulative production) the quantified analysis is still facing 
problems and uncertainties, such as data availability on costs (real costs versus market 
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price), the understanding of the progression ratio (constant or not, technology 
dependent), the access of the progression ratio for external influence (policy 
measures) and the like (pp 8-12). Although the learning curve approach underlies a set 
of learning principles, (learning by searching, learning by doing, learning by using, 
learning by interacting, upsizing and economies of scale) the independent impact of 
these principles on the progress ratio is hardly understood. The quantitative learning 
curve approach is very popular though because it eases backward understanding of 
technological change and future technological developments. Learning curves are 
used by individual firms for cost projections and corporate strategy development, in 
energy scenario studies, economic modeling and climate change modeling and for ex 
post evaluation research, for instance on impact of policy measures (p. 9).  
 
Despite a few references in literature suggesting a wide application, the publicly 
accessible academic and non-academic literature basically refers to application of the 
quantified learning curve approach in the energy sector (different energy 
technologies). Application outside the energy sector is very restricted and not well 
quantified. All recent literature refers to the same few titles with the most recent 
dating from 1990 (Argote and Epple, 1990). This article, published in Science, in fact 
discusses factors explaining differences in organisational learning by firms. These 
factors include “organisational forgetting, employee turnover, transfer of knowledge 
from other products and other organizations, and economies of scale” (Argote and 
Epple, 1990, p. 920). The variation in progress ratio found by Argote and Epple is 
shown in the figure below. They found a modal progress ratio of 81 to 82%.  
 

 
 
Figure 1.2 Examples of progress rations (source: Argote and Epple, 1990) 
 
It should be noted that the relationship between cumulative production and cost 
reduction is also questioned. For instance Carbal and Leibman (2001) found that the 
relationship between new technology adaptation and experience varies across 
generations of experience. Specifically, only experience with the immediate 
generation of technology significantly enhances a firm’s likelihood of adopting a new 
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technology. This suggests that the advantage associated with experiences becomes 
rapidly obsolete. Benkard (2000) also found some evidence for the shortness of 
collective memory and the impact of learning and experience in production. In his 
analyses he pointed to the problem of organisational forgetting in civil aircraft 
production. He showed a difference in impact of experience based on high previous 
production and overall cumulative production. The fresher the experience the more 
impact it has. So he too points to limits in cumulative learning by organizations.  
 
  
1.2 Methodology2 
 
The initial idea was to document eight learning curves in four sectors, so we started 
reviewing the literature to facilitate the selection of two innovations per sector. We 
searched academic and non-academic sources for recent innovations in the four 
selected sectors, and focused on quantified research including learning curves. The 
four sectors of the project next to the energy sector are telecom, medical technology, 
transport and copiers and printers. After wide and intensive search we found out that 
literature did not provide (quantified) information on learning curves in the four 
sectors. However, the search resulted in sector specific articles analysing and 
discussing specific aspects of innovation, both qualitatively and quantitatively.  
 
In a second round of search we focused on factors affecting innovation in general and 
innovation in the four sectors in particular. In this round we used journal titles as 
entrance point and reviewed a large number of articles in academic journals with 
special attention to quantitative (economic) literature. This second round resulted in a 
large number of titles. The relevance and content of all articles has been scanned and 
those with reference to one of the sectors or to general factors affecting innovation 
have been studied more closely. After this round of “close reading” several of the 
seemingly relevant titles were put aside due to lack of relevance. All titles that we 
have scanned for relevance are included in the list of references (see appendix 3). The 
text of this report only refers to relevant and significant titles.  
 
The ins and outs and the innovativeness of each of the four sectors have been 
discussed with sector specialists in interviews. Appendix 2 lists the names of the 
interviewed persons. 
 
 
1.3 The structure of the report 
 
The next chapters of the report present and discuss the literature as close as possible 
to the initial idea of the scan. Each chapter begins with a brief characterization of the 
dominant technology in the sector and continues with a characterization of the market 
and the innovation in the sector. The first part of the chapters is descriptive and meant 
to give an idea about the economic and technological dynamism of the sector. The 
second part of each chapter analyses the factors explaining the innovativeness of the 
sector as reported in literature. At the end of each chapter, the major sector 
characteristics are compared with those of the energy sector in a summarizing table.  
The final chapter 6 comparatively analysis the similarities and differences between 

                                                
2 The literature search is explained in more detail in appendix 1 
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the four sectors and the energy sector and lists lessons for energy innovation. 
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2 Innovation and Diffusion in Telecommunication 
 
 
2.1 Introduction 
 
This chapter discusses innovation in telecommunication. Telecommunication is 
understood as the transmission and communication of voice, data and images. The 
chapter starts with a short characterization of the sector technology, the market and 
the innovation.   
 
 
2.2. Characteristics 
 
 

 
 
Figure 2.1 Telecommunication 
 
 
Figure 2.1 shows the core of telecommunication anno 2005 (see also De Munck and 
Kool, 2006). Telecommunication is about voice, data and image transmission and 
communication. The figure shows the three different networks currently used for this 
purpose. Communication can take place via the fixed telephone network (copper and 
fiber cables), via the cable networks (coax cables) and via the wireless networks of 
antennas or satellites. The bottom row of figure 2.1 shows how the communication of 
the three devices developed historically. The fixed telephone network for long only 
offered voice communication but extended its service to data (DSL) and images 
(Modem TV). The cable network started as TV service but extended its service to data 
(internet by cable) and voice (cable/internet phone). The wireless network started 
offering voice communication services, but extended service to image (camera 
phones) and data (wireless internet). The figure clearly shows the convergence of the 
three alternative networks both in terms of technology (digitalization and broadband) 
and services (voice-data-image communication). The convergence of technology and 
services has been one of the major drivers of innovation in telecom in the last decade 
(see also below). 
 
 
 

Telecommunication 

Fixed telephone 
(copper) network 

Cable networks 
(Coax) 

Wireless networks  
(wi-fi) 

Small and broadband Small and broadband Broadband 

Voice-Data-Images Data-Images-Voice 
 

Voice-Images-Data 
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2.3 The (inter)national telecom market  
 
The telecom market is a global market of hardware and service providers. Hardware 
refers to (integrated) telecom systems and the communication equipment market. 
Services refer to providers offering all kind of communication services via the 
different networks (wired, wireless and cable).  
 
The communications equipment market includes equipment and products like LANs, 
WANs, routers, telephones, switchboards and exchanges. The segmentation of the 
global communications equipment market is displayed in figure 2.2. It shows that the 
share of the three major continents is about the same. 
 

 
Figure 2.2 Segmentation Global Communications Equipment Market 
 
Figure 2.3 shows the segmentation of the European market. It shows that the Dutch 
market represents only a modest part of the European market. 

 
Figure 2.3 European Communications Equipment Market 
 
Figure 2.4 shows that the Dutch equipment market has two areas: telephony and 
networking. The share of networking is far larger than the share of 
telecommunication. The trend towards computerized communication is clearly on 
account of fixed telephone communication (see also below).   
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Figure 2.4 Segmentation Dutch Communications Equipment Market 
 
Figure 2.5 gives an overview of the value of the Dutch communications equipment 
market. It shows that the growth rate of the market between 2000 and 2004 was 
negative.  

 
Figure 2.5 Market value Dutch Communications Equipment Market 
 
The outlook of the Dutch telecom market changed drastically since the mid 1980s. 
The change in the Netherlands was part of a worldwide change process in telecom. 
Three factors fueled this change process: deregulation, technological convergence and 
globalization (Amesse, Latour, et al. 2004; Lemstra, 2006). Deregulation in particular, 
opened the monopoly of the national telecom company that dominated domestic 
telecommunication services for decades. In the Netherlands KPN (former PTT) acted 
as national telecom company and monopolistic provider of (fixed) phone based voice 
communication. This monopoly area was characterized by one national company in a 
country (AT&T, KPN, British Telecom) with strong alliances with telecom equipment 
industry (Philips, Siemens). Deregulation opened the market for new entrants who 
developed new alliances with the equipment industry. Deregulation also enlarged the 
scale of the telecom market from the national to the global level and the scope of the 
market from voice to data and image communication. 
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Deregulation in combination with technical convergence launched an unprecedented 
dynamics in the telecom market which is still continuing. Today’s telecom market 
offers a wide variety of technologies, services and suppliers, and therefore real choice 
for consumers and competition between producers and suppliers. Consumers may 
choose between fixed or mobile communication, between cable and telephone based 
communication, between many service providers and between a rich variety of 
communication hardware, ranging from different cell phone brands to computer 
manufacturers.  
 
The next figures (taken from the OPTA market monitor 2005) illustrate the dynamics 
in Dutch telecom in recent years. The figures in particular refer to telecom services.  
 
Figure 2.6 illustrates the change in type of hardware device used for 
telecommunication. The traditional fixed phone network connection is loosing market 
share in favor of cable/internet phone and mobile phone communication. The figure 
clearly illustrates that the market offers real product/service choice to consumers.  
 

 
Figure 2.6 Share of different types of connections 
 
The next figure illustrates the increase in cell phone usage in the Netherlands and the 
number of providers of this wireless communication service. The figure shows that 
the incumbent (KPN) is loosing market share to the other providers.  
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Figure 2.7 Development of market share cell phone providers 
 
However KPN tries to keep market share by takeover. See figure 2.4.  

 
Figure 2.8 Market share providers wireless communication 
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Figure 2.9 Market share broadband hardware providers 
 
Figure 2.9 illustrates the number of broadband based communication providers in the 
Netherlands. It should be noted that only the DSL network of KPN is a nationwide 
network, whereas all other networks are regional based. Figure 2.10 shows the steep 
increase of broadband connection in the Netherlands during the last years. The figure 
also shows the competition between cable and telephone based broadband. Both 
technological options show the same increase with the telephone based (ADSL) 
connection still ahead. 
 
 

 
Figure 2.10 Increase in broadband connections  
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Figure 2.11 shows the wide adaptation of broadband in the Netherlands compared to a 
number of other European countries. Internet connections are still rising and the latest 
trend is providing integrated services to the consumer: providers offering voice, data 
and image (TV) communication in one contract, either, cable or telephone based 
(bundling). Another trend is provision of exclusive content (pay TV).    
 

 
Figure 2.12 Number of Dutch broadband connections in European perspective 
 
This kind of development shows the high dynamics in telecom and the convergence 
of technology and services. Figure 2.13 shows how the market is structured. The 
broadband market is dominated by providers offering broadband service via own 
cable or phone based networks.  
 
  

 
Figure 2.13 Type of supply broadband internet access 
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Figure 2.14 finally illustrates the development of the costs of internet services 
between 2001 and 2005. The figure shows the steep decrease in the costs of internet 
usage. De Munck and Kool (2006) report on average return per user (ARPU) by the 
four leading mobile phone providers in the Netherlands (KPN, Vodafone, Orange and 
T-Mobile). It shows that between 1989 and 2005 the ARPU decreased from € 55-60 a 
month to € 25-35 a month.   
 
 

 
Figure 2.15 Development of costs of downloading 
 
 
 2.4 Dutch market for mobile phone3 
 
The Dutch mobile phone market is part of the European market. European mobile 
market is booming market with increase rate between 2000 and 2004 of 12.5%. See 
figure 2.16. 
 

 
Figure 2.16 European mobile phone market 

                                                
3 This section is based on Datamonitor, Mobile Phones in the Netherlands, Industry profile, London  
2005b 
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Figure 2.17 Main features Dutch mobile market 
 
Figure 2.17 shows recent developments in the Dutch mobile market. After the 
booming till 2001 market value dropped and then increased again. Leading cell phone 
manufacturers on the Dutch market are Alcatel, Philips, Motorola and Nokia.  The 
Dutch market is considered mature and is expected to reach about a billion dollar 
value in 2010. Increased sales are expected from consumer upgrades of the handset 
for two reasons: technological advances and changes in fashion. This latter argument 
in particular holds for young mobile customers. The prospects for market growth in 
the Netherlands are modest due to the maturity of the market and the aging of the 
population. Elder people use the mobile phone rather traditional and therefore are less 
assessable for new services and fashion. This is expected to hamper market growth in 
the Netherlands. Due to relative large number of suppliers, Dutch telecom market is 
among the most competitive markets in the world (Van Damme 2002; Janssen 2005). 
The wireless communication market in particular shows strong competition. 
 
 
2.5 Explanation 
 
Telecommunication has changed dramatically in the last decades but we didn’t come 
across the ultimate analyses of what happened in telecom and why. Literature is rather 
fragmented and only partly quantitative in character when it comes to the explanation 
of change. The information base of this final section, therefore, is partly oral 
(interview)4 and partly written (literature).  
 
There is no single explanation for the dynamics in and innovativeness of the telecom 
sector (Ammese, Latour et.al, 2004; Damme 2002; Janssen 2005; Lemstra 2006). 
There are quite some factors contributing to the explanation of the innovation 
dynamics. This section summarizes the major arguments. 
                                                
4 The interviewed telecom expert is Dr. ir. Wolter Lemstra from Delft University of Technology. 
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• It is generally recognized that dynamics in telecom has its origin in a 

configuration of different factors and circumstances of which deregulation, market 
opening, digitalization and the rise of internet are the major ones (Amese, Latour 
et.al, 2004;Lemstra 2006). In particular, this combination of circumstances or 
configuration of factors is generally recognized as major cause of the “paradigm 
shift” in telecommunication. The paradigm shift refers to the digitalization of 
phone based communication, which contributed to the convergence of network 
technology and communication services. What once was a “dull utility” (black 
telephone for (short and long distance) voice communication), has become a 
lifestyle commodity with major impact on the organisation and communication in 
society. Telecom is now both technically and economically a highly competitive 
market. Consumers can choose between different communication devices giving 
access to a highly differentiated pallet of services, all of high quality. So there is a 
commodity based market offering real choice to consumers. Customers can 
choose between different network technologies, different communication devices, 
different communication providers, different services and different handsets. All 
this happened in less than thirty years. Although the rate of market growth slows 
down, the general expectation is that there is still huge technological and 
economic potential for growth in telecom.   

• Deregulation opened the market for phone communication and attracted new 
entrants. The new entrants were much more flexible and dynamic than the 
incumbents. They could much easily adapt to new technology and new services 
which they offered to customers. In fact the high degree of innovation and the 
short lead time of technology in the 1980s enabled new entrants to compete the 
incumbent by offering customers real alternatives for wired voice communication. 
In these years the first (analogue) wireless communication alternatives were 
offered, which soon changed into the much better performing digital wireless 
networks. Now these networks offer world wide coverage and long distance 
communication by cellular handsets. 

• Digitalization initially served as strong facilitator in telecom, but now has 
completely taken over technological innovation. The microprocessor introduced 
the PC as the major tool of decentralized transmitter and communicator of 
information. The microprocessor did the same for the cellular handset (mobile 
phone) and extended its performance and quality significantly. Digitalization also 
facilitated the change from the traditional circuit-based communication by phone 
to the “packed” bits based communication. Packed transmission of bits via the 
cable or the telephone line tremendously accelerated communication (shorter 
communication time) and increased the efficiency of the usage of the network 
capacity (Lemstra, 2006). The introduction of broadband also facilitated the 
speed, scope and quality of communication. Among others it enabled the 
transmission of high quality images (TV) via wired telephone lines, which 
provides an alternative to cable-based TV and internet. 

• Part of the story is of course the rise and development of the internet and its 
influence on telecom (Lemstra, 2006). Here one can trace a strong interaction 
between hard and software innovation and diffusion which mutually reinforced 
each other. The internet bubble is seen as major inspiration for innovation in 
telecom and both are converging in terms of underlying technology 
(digitalization) as well as in terms of services.  
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• Apart from the above mentioned factors literature points to changes in the 
structure of R&D in telecom. Godoe (2006) for instance claims that “the rapid 
pace of technological development in the telecom sector may be explained by the 
close links between the sector’s own R&D and the creation of numerous 
innovations, many of which are radical” (p. 1033). Moreover he claims that “the 
strong innovation regimes and high R&D intensity of the telecom sector, at least 
until recently, have provided a capability of creating innovations on purpose – for 
a purpose” (ibid). In the same article Godoe refers to the strategic role of technical 
standardization in the development of telecom, which he claims to be confirmed 
in several other studies like Mansell, 1990, 1993, Rosenberg, 1994, Hawkins 
1996. Part of the secret is, according to Godoe, some kind of anticipating 
standardization and homogenisation of future technological solutions, i.e., 
solutions that initially did not yet exist, but were or became ‘anticipated’ (p.1038). 
Godoe is pointing to the role of expectations in R&D, which is also stressed by 
scholars of innovation and technological change.  

• Kauffman & Techatassanassontorn, 2005, showed a quantified relationship 
between the speed of diffusion of digital mobile phones and the technical and 
economic characteristics of the home market. They also found “that a different set 
of drivers influences the diffusion rates at various states of digital mobile phone 
diffusion” (p.283). They distinguished between the early state and partial state of 
diffusion. In particular the degree of competition is decisive for the speed of 
diffusion: the higher the competition the higher the diffusion speed. In the early 
state of diffusion, speed in particular is decided by the type of environment the 
mobile is entering: the more mobile friendly the environment (high GNP per 
capita, phone penetration) the higher the speed of diffusion of the mobile phone.  

• Gruber and Verboven (2001) also found a quantified relationship between degree 
of competition and the diffusion of telecom services in the EU. However, two 
technological developments had a stronger impact on diffusion: the change from 
analog to the digital technology and the corresponding increase in spectrum 
capacity.  

• Mowery and Simcoe (2002), point to early advantageous conditions which explain 
the largely US based innovation of internet services. They claim “that the role of 
the US ‘national innovation system’ in the creation of the internet echoes several 
key themes of US technological developments before 1940. The presence of a 
large domestic market, a set of antitrust and regulatory policies that weakened the 
power of incumbent telecommunications firms and a diverse public/private 
research community that was willing to work with both domestic and foreign 
inventions were important preconditions for US leadership in the computer 
networking innovation (p. 1369).  

• Barczak (1995) analyzed the organisation of new product development by a firm 
and found that both project teams and R&D teams are important for innovations in 
telecom. 

• Den Hertog, Maltha en Brouwer (2000) traced the emergence of a Dutch 
multimedia cluster, jointly working on R&D in telecom and ICT. Quickly finding 
the right partner or information is the strength of such a cluster and the benefit for 
those in the cluster. 
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2.6 Comparison with energy sector 
 
 
 Telecom    Energy5 
Market 
Scale Handset: 

global  
Provider: 
European, 
national 

   Technology: 
Global 
Production 
and supply: 
National and  
Transnational 

Industrial 
Organisation 

Alliance 
organisation 
with good 
position new 
comers 

   National 
champions 
with local 
niche players  

Type of 
competition 

Product 
competition 

   Restricted 
price 
competition 

Type of 
market 

Consumer 
market 

   Producer 
market 

Product 
lifecycle 

1-3 years    20-40 years 

 
Aspects of 
network 
externalities 

Three 
competing 
grids 

   Grid bound 
technology 
and services 

Performance 
orientation  
Static/dynamic 
efficiency 

Dynamic and 
static 
efficiency 

   Static 
efficiency 

R&D 
Innovativeness High (Winner 

takes it all) 
   Low (Lack of 

market 
incentives) 

Key 
technology 

Digitalisation, 
nano, image, 
display 

   Combustion 
and turbine 

Key drivers Performance, 
quality and 
service 

   Regulation 

Role of 
expectations 

High 
technical and 
economic 
expectations 

   minimal 

                                                
5 In this and the other summarizing tables at the end of the following chapters the energy sector 
features refer to the production and supply of electricity.  
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 Telecom Medical 

Technology 
Automotive Printers and 

Copiers 
Energy 

R&D structure Global 
alliance 
based, 
science, 
technology 
and industry 

   Incumbent 
controlled 
R&D in 
combination 
with 
technology 
specific R&D 

Regulation 
History Monopoly 

regulation 
   Monopoly 

regulation 
Significance 
for innovation 

Low    High 

Sector 
regulator 

Yes    Yes 
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3 Innovation and diffusion of diesel technology in transport 
 
 
3.1 Introduction 
 
This chapter analyses innovation and diffusion of diesel technology for transport. Our 
analysis will concentrate on diesel traction in the heavy truck segment of the market. 
The chapter is structured as follows. The next section gives a short characterisation of 
the sector and its technology. This is followed by a description of the market and main 
innovations in diesel technology. A final section focuses on explanatory factors found 
in the literature for the innovativeness of the sector. 
 
3.2 Characteristics 
 
The focus of this chapter is summarized in figure 3.1. 
 
 

 
 
 
Figure 3.1 Characteristics road-based transportation 
 
The figure shows the three modes of road based transportation, being passenger cars, 
light and heavy trucks. The volume of cars and trucks is still growing in the EU and in 
the Netherlands and the emissions of the cars and trucks contribute significantly to air 
pollution, in particular particles pollution.  The core innovation challenge is to reduce 
the hazardous emissions of road based transportation by means of innovation of 
engine technology and fuel quality and at the same time keeping track with the 
constant increase of car/truck volume.  
 
As figure 3.2 indicates, the general expectation is that diesel technology will gain 
market share in all three segments of the road based transportation market. Particles 
emission from diesel engines is more serious than from other fuel resources. 
Technological improvement in diesel technology therefore was and is still needed to 
mitigate the emissions.  
 

Road  
transport 

Passenger cars Light commercial 
vehicles 

Heavy trucks 

Petrol, Diesel, Liquid 
gas engines 

 

Diesel engines Diesel engines 

Emissions Emissions Emissions 
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Figure 3.2 Penetration diesel traction in road based transportation in Western Europe 
(Source, Freese, 2005). 
 
Figure 3.3 shows that road transport emissions in Europe decreased significantly since 
the middle of the 1990s, but emissions still have to go further down till 2020. The EU 
has inaugurated legislation for the stepwise reduction of the emission till 2010. These 
so-called Euro-standards serve as guidance in diesel engine innovation.   
 

 
Figure 3.3 Road transport emissions in Europe  
(Source: EU, COM (2000) 626 final, Brussels, 2000) 
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Figure 3.4 shows the emission by car and truck transport in the Netherlands, with and 
without additional measures. Without standards and innovation of engine technology 
and diesel fuel, emission would follow the reference line. The blue lines in figure 3.4 
indicate current emission levels. The bottom black line (realisatie) indicates the 
committed goal for 2010. 
 

 
 
Figure 3.4 Emission of NOx and particles in the Netherlands, without and with 
additional measures (Source MNP, 2006: 85).  
 
Emission standards in Europe, the US and Japan are among the major drivers of diesel 
engine innovation. In Europe emission standards for automotives have become stricter 
(see table 3.1 on the next page). The table shows the evolution of emission standards 
in EURO II (Jan. 1996), EURO III (Jan. 2000), EURO IV (Jan. 2005) and EURO V 
(2008) for heavy trucks.   
 
Much discussion is taking place over worldwide harmonisation of emission standards 
for vehicles. This is especially relevant for diesel cars, since the US standards for 
NOx emissions in the US are stricter than in Europe. “In the US, as of 2007 the 
complete set of ‘Tier 2’ emission standards for passenger cars will have entered into 
force. The standards apply to cars, SUVs and light duty trucks, up to a weight of over 
4 tonnes, so even the largest vehicles for passenger transport will have to comply with 
the rules. Every vehicle sold will have to meet a NOX standard of 87 mg/km. This is in 
stark contrast with the current Euro 4 standard of 250 mg/km and the proposed ‘Euro 
5’ standard of 200 mg/km” (EFTE, 2005). 
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Emissions 

Standard 

Particulate matters 
(PM)/ 

(mg/km) 

- 

Oxides 
of 
nitrogen 
(NOx)  

(mg/km) 

- Hydrocarbons (HC) 
(mg/km) - 

Carbon 
monoxide 
(CO) 

(mg/km) 

- 

- Diesel  Petrol Diesel Petrol Diesel Petrol Diesel Petrol 
Euro 2 
(1996) 80-100 - - - - - 700/900 500 

Euro 3 
(2000) 50 - 500 150 - 200 560 - 

Euro 4 
(2005) 25 - 250 80 - 100 300 - 

Euro 5* 
(2010) 5 5 200 60 - 75 - - 

 
Table 3.1  Evolution of emission standards for passenger cars in the EU  since 1996 
 
 
Also figure 3.5 illustrates the process towards more stringent regulation in the US 
compared to the EU. EU 2008 refers to the EURO V standards while the more US 
2007 refers to the ‘tier 2’ standards in the US.  
 

 
 
Figure 3.5  Evolution of EU, Japan, US standards for NOx and particulate 

emissions in heavy duty vehicles (Source: Umweltbundesambt, 2003). 
 
 
 
 
 
 
 



 27 

3.3 (Inter)national automotive and truck market 

The automotive industry is a key industry in the European economy characterised by 
having few vehicle manufacturing firms and a substantial number of independent 
suppliers to which about two thirds of the production is outsourced. The output 
includes cars, light trucks and vans, buses and coaches, medium and heavy trucks, 
motorcycles and agricultural and forestry tractors. In the past decades the global 
industry has been characterised by processes of consolidation with the number of 
producers steadily decreasing as is shown in figure 3.6. The EU car industry is 
composed of DaimlerChrysler, Volkswagen (VW), BMW, Ford Europe, General 
Motors (GM) Europe, Renault, PSA (Peugeot-Citroën), Fiat and Porsche. In addition 
there are a number of small manufacturers. Some Japanese manufacturers also have 
significant production facilities in the EU.6 A similar pattern of consolidation has 
occurred in the truck industry with the main European players now: Volvo, Scania, 
Mercedes, Iveco, DaimlerChrysler, MAN and Daf (Paccar). 

 

Figure  3.6 Consolidation patterns in the automotive industry 

Further key data regarding the European and Dutch truch market: 
 
Europe 
Market Value 
The European medium and heavy trucks market grew by 6.7% in 2004 to reach a 
value of $36.3 billion. 
                                                
6 Information partly drawn from the European Commission DG Enterprise: available at 
http://ec.europa.eu/enterprise/automotive/pagesbackground/sectoralanalysis/index.htm. 

http://ec.europa.eu/enterprise/automotive/pagesbackground/sectoralanalysis/index.htm
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Market Value Forecast 
In 2009, the European medium and heavy trucks market is forecast to have a value of 
$42.2 billion, an increase of 16.4% since 2004. 
Market Volume 
The European medium and heavy trucks market grew by 8% in 2004 to reach a 
volume of 668,200 vehicles. 
Market Volume Forecast 
In 2009, the European medium and heavy trucks market is forecast to have a volume 
of 774,600 vehicles, an increase of 15.9% since 2004. 
Market Segmentation I 
Commercial vehicles account for 54.9% of the market's volumes. 
Market Segmentation II 
Europe generates 15.4% of the global medium and heavy trucks market's value. 
 
“Heavy and medium trucks are predominantly diesel fuelled, in 2004 diesel was 
priced cheaper than petrol. This lowers fuel costs, especially given the types of long 
haul journeys typically run in these vehicles.  
The driving force behind growth in the European medium and heavy vehicles market 
has been the economic expansion of the transition economies, where the markets have 
been growing at compound annual growth rates of between 15% and 20%. However, 
the decline in Western European market was too great for an overall trend of positive 
growth. The disparity in growth rates has emerged because the market in the two 
halves of the region is in different stages of the product life cycle. 
Eastern Europe is experiencing a growth phase as the economies become more open 
to trade. Therefore, greater volumes of imports and exports pass through their borders, 
in addition local industry is booming. The Western European market has reached 
maturity, there is a great deal of saturation and consumption is beginning to decline, 
the main source of buoyancy in the market are replacement sales.  
Hybrid vehicles are expected to gain ground in the face of pressure to lessen 
pollution. The majority of European governments have signed the Kyoto Protocol and 
pledged to reduce emissions and greenhouse gases. Member countries of the 
European Union are also bound by Directive 88/77/EEC, which presents emission 
standard for heavy-duty diesel engines, including trucks and buses” (Datamonitor 
Europe, Truck in Europe, 2005). 
 
 
The Netherlands 
 
Market Value 
The Dutch trucks market grew by 11.6% in 2004 to reach a value of $3.1 billion. 
Market Value Forecast 
In 2009, the market is forecast to have a value of $3.5 billion, an increase of 12.6% 
since 2004. 
Market Volume 
The market grew by 11.3% in 2004 to reach a volume of 113,699 vehicles. 
Market Volume Forecast 
In 2009, the market is forecast to have a volume of 118,641 vehicles, an increase of 
4.3% since 2004. 
Market Segmentation I 
The LCV sector dominates the market, accounting for 75.8% of the total volume in 
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2004. 
Market Segmentation II 
The Netherlands accounts for 4.3% of the European trucks market's value in 2004. 
 
 
“Although the likes of Scania, Volvo and DAF (PACCAR’s European subsidiary) are 
key players in the Dutch market, the domestic firm Terberg Group also holds a 
significant presence. The Netherlands is still an important manufacturing base as its 
domestic market is not only large, given the size of the country, but at a crucial 
strategic location in terms of transportation logistics for the rest of Europe. DAF 
manufactures Class 6-7 trucks in the Netherlands and Belgium for sale throughout 
Europe, the Middle East and Africa. Likewise, Scania underwent an expansion of its 
Zwolle plant in 2003, placing even greater emphasis on its significance. 
However, events in China and other fast-growing markets in Asia-Pacific are pulling 
some of the bigger players’ attention away from Europe. Through establishing 
strategic alliances and transferring their production capabilities, the big names have 
set themselves up to provide for what could be the biggest market in the world. 
However, escalating commodity prices have hit firms hard as current production 
capacity has failed to keep pace with newfound demand. In particular, the price of 
cold-rolled steel, the kind used by truck manufacturers, rose 68% between January 
2004 and the following October. 
Further challenges include the impending Euro IV legislation, due in 2006. Under the 
legislation, new environmental standards will be required of any trucks in the region. 
New engines are expected to cost greatly more than presently, have lower fuel 
efficiency and higher maintenance costs. In addition, the demand for new technology 
and the trend toward longer fleet life cycles will also have notable impact” (Data 
monitor Trucks in the Netherlands, 2005). 
 
Leading truck manufacturers in the Netherlands are DAF (PACCAR), Scania, 
VOLVO and Terberg Group 
 
 
3.4 Diesel engine innovation 
 
Diesel engines have gained popularity in Europe since the past decade and a half. 
Public perception has shifted significantly as innovation in diesel engines has led to a 
reduction in noise, vibration, and significant improvement in fuel efficiency and 
torque.  The market share of diesel engines in new passenger cars has been steadily 
increasing as is shown in figure 3.7 with the share of diesel in new car registrations 
approaching 50% in 2005. In 2006 around 25% of the European car parc was diesel 
engine based (ACEA, 2006). Within the truck segment diesel engines have 
traditionally a dominant position.  
 
Improvement of diesel engine performance has been realised through a range of 
innovations in components, materials, engine design, etc. However main innovations 
that have contributed to the significant progress in fuel efficiency and reduction of 
noise and vibration, have been direct fuel injection at the end of the eighties, also 
enabled by computer controlled injection systems. Figure 3.8 illustrates how direct 
injection fuel systems rapidly diffused and became dominant within diesel engines. 
Next to car manufacturers specific component producers such as the Germany-based 
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Bosch played a key role in the development of direct fuel injection systems. A further 
improvement during the 1990s was the introduction of variable turbine geometry 
turbochargers (VGT) A turbocharger equipped with variable turbine geometry has 
little movable vanes which can direct exhaust flow onto the turbine blades, and this 
has led to increased fuel efficiency and reduction of particulate emissions. Even 
further fuel efficiency due to more precise fuel injection were realised by common rail 
injection systems that were introduced at the end of the nineties. The multiple 
injection through common rail enabled improved diesel combustion and therefore also 
significantly reduced emissions and also noise. Automotive component producers 
Denso (Japan) and Bosch (Germany) played important roles in the development and 
diffusion of common rail injection systems to cars and trucks.  
 

 
 
Figure  3.7 Diffusion of diesel engines in Europe (Source, ACEA, 2006) 
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Figure 3.8 Diffusion of high pressure direct injection diesel engines in various 

markets (for the USA light trucks only). (Source: Beise and Rennings, 
2005: 13). 

 
 
3.5 Explanation 
 

1. The global automotive and truck industry is characterised by intense 
competition between around 20 large conglomerates, often based on alliances 
and mergers between formerly separated car and truck producers. Entry of 
new firms to the automobile production sector is rather low due to the relative 
maturity of the industry, mass production, high capital intensity, and strong 
brand names (Utterback, 1994; Klepper, 2002, Van den Hoed, 2004). Recent 
entries from Korean and Chinese firms were based on strong government-
industry collaboration and domestic demand growth. Earlier market entry of 
Japanese firms in the 1970s and 1980s was also based on these factors in 
combination with innovative forms of organisation (just-in-time concepts and 
lean production) that enhanced productivity and quality and reduced costs 
(Mortimore, 1997).  

2. The speed at which firms innovate and produce new cars clearly has become 
increasingly important in the automobile industry. Product life cycles have 
been reduced to 4 to 6 years, and car manufacturers aim to outperform their 
competitors in new product offerings. According to Lin and Lu (2006: 146) 
“Asian automobiles often have four-year product cycles – roughly two years 
shorter than cars from the US and Europe. These product development cycles 
generally translate into earlier market entry, which represents significant 
advantage over later entrants”. They also find significant higher innovative 
activity in Asian automobile firms compared to Western competitors as 
measured through the number of high level patents. However, R&D 
expenditures as a percentage of turnover are reported to be more or less 
comparable for US, European and Japanese firms at a level of 5 % (Van den 
Hoed, 2004; ACEA, 2006). 
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3. In the truck market the role of costs is more important relative to the car 
market where various segments exist from luxury, sport to more economic 
cars. The private driver also buys a car based on emotion relative to the 
transport company who takes a rational decision when buying a truck and 
makes detailed estimates of fixed and variable costs (Pas, 2006). However in 
the evaluation of costs a range of factors play a role: purchase price, fuel 
efficiency, regulatory aspects such as emission profile of the truck and the way 
this affects road taxes, entrance of cities, etc. For example, many transporters 
now tend to favour purchase of the more expensive EURO 5 compliant trucks 
because they expect the truck to be still common in the future when they want 
to trade it in. Furthermore the EURO 5 truck has lower road taxes on tollways 
in Germany, has a higher fuel efficiency, and subsidies can be obtained to 
reduce the purchasing price (Pas, 2006). 

4. Apart from market demand and competition, regulation is a major driver 
shaping the patterns of innovation in the truck industry. Crucial for the process 
of innovation is the timeliness, uniformity, and reliability of standards. The 
fact that progressive standards are formulated for the automobile and truck 
industry leads to clarity for the path of innovation that can be followed by the 
producers and component manufacturers.  

5. The role of regulation has also been crucial in advancing diesel innovations. 
The fact that the European and especially German regulation was favouring 
diesel relative to petrol by allowing much lower excise taxes for diesel was a 
major factor in spurring manufacturers towards improving the fuel efficiency, 
emission profile and performance of diesels (Beise and Rennings, 2005).  

6. Rising oil prices triggered both an increasing focus of consumers on efficient 
cars, on cheaper fuels in the fuel mix (gas, diesel relative to petrol in the EU), 
and on production of more fuel-efficient cars and trucks by producers. 

7. The Porter effect has also played a role in fostering diesel innovation 
according to Beise and Rennings (2005). The basic argument is that strict 
regulation can enhance competitiveness as 1) innovation towards higher 
efficiency is provoked and 2) strict regulation tend to spread to other countries 
leading to a competitive edge of the earlier innovator in the country were strict 
regulation was initiated.  

8. The role of regulation not only relates to the progressive character of the 
standards, but also to region-specific regulations. The increasing stringency 
towards access of ‘dirty’ cars and trucks in some cities is one factor that has 
triggered further innovation of the diesel-powered truck towards hybrid 
diesels: diesel-powered and electric-powered engines that allow for zero-
emission driving in cities. Moreover, the entry into force of ‘no idol’ 
regulations in US states such as California also triggers the development of 
hybrid trucks that allow drivers to sleep comfortable without the need to have 
the engine run stationary, which has been prohibited under the ‘no idol’ law 
(Pas, 2006). 

9. Apart from the increasing fuel efficiency and advantageous tax incentives for 
diesel trucks and cars, in the car segment also the changing perception 
regarding diesels is relevant. Diesels have become ‘fun to drive’ with less 
noise, vibration and increasing torque and acceleration. Moreover diesels are 
slowly loosing its image of being ‘dirty’ (Godwin, 2005). 



 33 

10. The convergence of different technological developments has been important 
in diesel engine innovation, especially the introduction of electronics in cars 
and in its components enabled the more advance injections systems.  

11. In essence, four major drivers for automotive R&D can be discerned (Van den 
Hoed, 2004): 1) a focus on cost reduction as consumers focus on prices of 
different cars in similar segments and as competitor continuously work 
towards cost reduction; 2) environmental regulations regarding efficiency, 
emission, end-of-life procedures provide major guidance of R&D spending of 
car and component manufacturers. The dominant focus is still on incremental 
improvement of existing designs such as diesel engines although also 
signficant spending for fuel cell and hydrogen power vehicles take place (Van 
den Hoed, 2004). 3) safety remains a major concern for vehicle manufacturers. 
Recent innovations such as air bags are exemplary. Some companies use 
safety as a way to differentiate from its competitors, such as Volvo (Van den 
Hoed, 2004: 50). 4) A final driver for R&D is performance improvement of 
vehicles, such as improving driving characteristics, but also quality, comfort 
and the integration of a variety of electronics into vehicles to support drivers 
(navigation) and to enhance the intelligence of cars.  

12. The role of component suppliers in delivering innovations to the vehicle 
manufacturers has been crucial. Often this takes the form of alliances between 
vehicle manufacturers and component producers. The automotive components 
sector is much more diverse, in terms of number of companies, sizes, and 
number of segments such as engines, car electronics, tyres, navigations 
systems, etc. The sector is also characterised by a significant number of start-
ups and new entrants willing to pursue avenues outside the established paths.  

13. As carmakers seek to cut costs they increasingly outsource to the supply 
industry (MacNeill & Chanaron, 2005). “This externalises a proportion of 
fixed (overheads) and variable costs (materials) and shares the risk for new 
developments. It also gains from economies of specialisation and scale – since 
suppliers are more experienced in certain functions and can supply several 
carmakers. ‘In-house’ component companies were sold to concentrate 
resources and raise funds (GM and Ford’s two component arms became 
Delphi and Visteon, respectively). Vehicle manufacturers have also devolved 
responsibility for logistics and stock control and try to deal directly with a few 
large suppliers who purchase individual parts from the large base of small sub-
assembly and single component suppliers. For maximum efficiency the whole 
supply system should be lean and each company in the value chain is required 
to organise logistics to buy, make and sell components ‘just in time’, and to 
minimise costs through flexible working and the elimination of waste. This 
has had significant effects given as follows:  

• a rapid growth in value of the supply industry from € 530 bn in the 
late 1980s to well over €1000 bn in 2005 and the growth of large 
mega-suppliers’  
• a very high technological base amongst the large suppliers – where 
Europe has a strong lead 
• up to 60% of the value of a new car is from suppliers 
• high pressure to reduce costs on the network of SMEs that made up 
the lower orders in the supply chain – many of which have gone out of 
business 
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• outsourcing of design and engineering functions has led to growth in 
companies offering high value-added services” (MacNeill and 
Chanaron, 2005: 90). 

14. Finally, innovation patterns in the vehicle sector are also determined by lock-
in effects, such as the fact that a changeover to alternative propulsion (electric 
vehicles or fuel cells) demands new forms of infrastructure, vehicle design, 
maintenance and repair firms, etc.   
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3.6 Comparison with energy sector 
 
 
 Telecom  Automotive  Energy 
Market 
Scale Handset: 

global  
Provider: 
European, 
national 

 Global  Technology: 
Global 
Production 
and supply: 
National and  
Transnational 

Industrial 
Organisation 

Alliance 
organisation 
with good 
position new 
comers 

 Global 
conglomeration 
incumbents, 
alliances with 
suppliers   

 National 
champions 
with local 
niche players  

Type of 
competition 

Product 
competition 

 Price 
competition 

 Restricted 
price 
competition 

Type of 
market 

Consumer 
market 

 User market  Producer 
market 

Product 
lifecycle 

1-3 years    20-40 years 

 
Aspects of 
network 
externalities 

Three 
competing 
grids 

 Fuel and road 
infrastructure 

 Grid bound 
technology 
and services 

Performance 
orientation  
Static/dynamic 
efficiency 

Dynamic and 
static 
efficiency 

 Static and 
dynamic 
efficiency 

 Static 
efficiency 

R&D 
Innovativeness High (Winner 

takes it all) 
 High (cost 

reduction and 
functionality) 

 Low (Lack of 
market 
incentives) 

Key 
Technology 

Digitalisation
, nano, image, 
display 

 Combustion 
combined with 
digitalisation 

 Combustion 
and turbine 

Key drivers Performance, 
quality and 
service 

 Regulation and 
performance 

 Regulation 

Role of 
expectations 

High 
technical and 
economic 
expectations 

 Market share 
increase 

 minimal 
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 Telecom Medical 

Technology 
Automotive Printers and 

Copiers 
Energy 

R&D structure Global 
alliance 
based, 
science, 
technology 
and industry 

 Global alliance 
based science, 
technology 
industry with 
strong ties 
supply 
industry 

 Incumbent 
controlled 
R&D in 
combination 
with 
technology 
specific R&D 

Regulation 
History Monopoly 

regulation 
 Market 

regulation 
 Monopoly 

regulation 
Significance 
for innovation 

Low  High  High 

Sector 
regulator 

Yes  No  Yes 
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4 Innovation and Diffusion in Medical Technology 
 
4.1 Introduction 
 
This chapter discusses innovation and diffusion in medical technology. Section 4.2 
summarizes the core of the sector’s innovations and technology, section 4.3 describes 
the basic features of the market and innovativeness of the sector and 4.4 provides 
explanations for the nature of innovativeness in the sector. The chapter concludes 
with a short comparison between innovativienes in the medical technology sector and 
the energy sector. 
 
 
4.2 Characteristics 
 
Figure 4.1 provides an overview of medical technologies and its main applications 
involving the diagnosis and treatment of diseases. Three main categories of medical 
technologies are generally discerned: Pharmaceutical products (drugs), medical 
equipment and medical supplies. Medical equipment involves different categories, 
ranging from therapeutic equipment, diagnostic equipment to medical aid devices. 
Medical supplies are not complex products, while pharmaceutical products are very 
different from medical equipment and involve different development processes 
(Biemans, 1989). Overall these categories involve thousands of products ranging from 
low-tech examination gloves to high-tech diagnostic imaging equipment.  The focus 
here is on innovation in medical devices, with specific attention to the evolution of 
magnetic resonance imaging equipment (MRI) and coronary stents. These two 
examples represent complex high-tech products and systems and are in that way best 
comparisons to the high-tech and complex nature of emerging energy technology 
options.  
 
 
 

 
 
Figure 4.1 Basic features of medical technologies 
 
 

Medical Technologies 

Pharmaceuticals Therapeutic equipment Diagnostic equipment 

Preventive care  Treatment Diagnosis 

Health organisations and 
patients 
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4.3 The (international) market for medical equipment and its innovativeness  
 
The description of the market for medical equipment and patterns of innovation is 
organised along five main dimensions: (1) market and demand; (2) regulation, (3) 
science and technology; (4) competition; and (5) patterns of interaction and 
collaboration between various parties involved in medical technology such as health 
organisations suppliers, manufacturers, users, academics, and regulators. Based on the 
innovation literature, these five dimensions represent main factors influencing 
innovation.  
 
 
4.3.1 Market and demand aspects of medical equipment 
 
The Dutch market for medical equipment and supplies is estimated at a value of 2.7 
bln Euros in 2005, see table 4.1. Annual growth figures of the market are around 5% 
(Datamonitor, 2006a). The Dutch market takes around 5% of the European market, 
which was 51.1 bln Euros in 2005 (Datamonitor, 2006b). The European market has 
steady growth rates around 5% per year.  
 
 

 
 
Table 4.1  Dutch market for health care equipment and supplies, 2001-2005 

(Datamonitor, 2006).  
 
Demand for medical equipment shows rather stable growth rates, while even during 
years of economic slowdown in 2001-2002 the industry kept its pace. Pammoli et al 
(2005: 27) report that “medical devices, together with pharmaceuticals, have recorded 
in 2001 and 2002 the highest production growth rates, while several sectors were 
showing negative figures”. This is illustrated by table 4.2. 
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Table 4.2  EU-25 growth rates for selected industries, %  
 (Source: Pammolli et al, 2005: 27) 
 
 
Demand for medical equipment comes from a range of health care organisations such 
as hospitals, home-care organisation, nursing homes and family doctors. Most 
demand for new products and innovative medical equipment comes from hospitals 
and their specialised departments and professionals. A core driving factor is the 
search for better and new ways of treatment so as to prolong the lifes of patients and 
to increase the quality of living for patients. Demand for medical equipment can be 
seen as a combination of replacement investments and investments in better and new 
medical equipment. For the replacement market investment costs are however also a 
major concern, and thus competition takes place on a combination of costs and 
performance.  
 
The medical equipment market is a global market with a relatively small number of 
suppliers taking a major share of the market. However, due to the heterogeneous 
market with various segments and applications and the continuous search for new and 
better forms of treatment and diagnosis, the market is also characterised by a high 
number of start-ups. For diagnostic imaging equipment (magnetic resonance imaging 
systems, X-ray equipment, computed tomography scanners, etc.) three players are 
dominant: General Electric Healthcare (US), Siemens Medical Solutions (Germany), 
and Philips Medical Systems. Figure 4.2. gives world market shares for main players 
in the diagnostic imaging market in 2002.  
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Figure 4.2.   Global market shares for diagnostic imaging systems, 2002  
  (KPMG, 2003) 
 
The market for medical imaging systems is expected to grow steadily from 4 bln US $ 
in Europe (17.5 bln globally) in 2003 to 6 bln. US $ in 2008 (26 bln globally) (RTE, 
2004). Growth of the market is among others due to the supply and demand of new 
generations of equipment with better image quality, larger capacities, faster and more 
user-friendly systems. Product life cycles therefore have become shorter, and 
increasingly contracts are offered where customers purchase a MR, CT or X-ray 
system with built in capacity for upgrading with the latest technology to make sure 
that it remains state of the art7 (Medical Imaging, 2004). Moreover, medical imaging 
systems are now moving from integration in specific clinical areas towards more 
broader information technology systems, as part of the unfolding path towards 
information-based medicine (Frost and Sullivan, 2003). This changes the competitive 
arena as the oligopoly by the three main players is under siege by players such as IBM 
that bring in competences from the information technology sector and apply them in 
the medical sector, often through partnerships. Also smaller providers are entering the 
competitive arena by providing IT-based niche applications for typical purposes such 
as 3D image processing, surgical navigation and diagnostics (Ferguson et al, 2005).  
 
For the Dutch market in 2006 more than 500 companies were active within the field 
of medical and optical equipment in the Netherlands according to the Central Bureau 
of Statistics8. The sector is dominated by small-scale firms, only 10 firms are reported 
to have more than 100 employees, 145 firms have between 5 and 100 employees, and 
the remainder (more than 400 firms) have less than 5 employees. One branch 
association for medical technology represents around 120 companies in the 
Netherlands, from small enterprises to multinational companies (FHI, 2006), while 
another relevant branch association represents around 50 producers, importers and 
traders of medical products (Nefemed, 2006). The Dutch medical device market is 
foremost export-oriented, in his dissertation Biemans (1989: 181) reports that around 
90% of Dutch medical equipments is exported, while around half of the companies 
within the sector are trading companies.  
 

                                                
7 Chatting with Philips Medical, March 2004, article at website accessed October, 11, 2006, website 
address at http://www.medicalimagingmag.com/issues/articles/2004-03_09.asp 
 
8 This refers to sectorcode  SBI 33102 within the classification of CBS. Information based on access to 
www.cbs.nl on 31 August 2006.  

http://www.medicalimagingmag.com/issues/articles/2004-03_09.asp
http://www.cbs.nl
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The sector is considered to be rather knowledge and capital intensive. For example, 
valued added created as a percentage of production is relatively high compared to 
other sectors, see figure 4.3. According to Pammoli et al (2005: 26)“at the industry 
level, value added is the value of industry firms’ output minus the value of all the 
inputs purchased from firms of other sectors. Therefore, it represents a measure of the 
profit earned by a particular firm plus the wages it has paid i.e. the value of the 
labour and capital the industry uses. In the EU, medical devices are a top generator 
of value added compared to other manufacturing sectors: Figure 3 shows that almost 
46 percent of the value of production is generated within the industry through the 
manufacturing process. This reflects the high value of the labour and capital the 
industry uses.” (Pammoli et al, 2005: 26) 
 
 

 
 
Figure 4.3    Value added created as a percentage of production value 
  (Source: Pammolli et al, 2005: 26) 
 
 
Summarising, the market for medical technologies is highly differentiated with a 
steady stream of new innovations entering the market due to a continuous demand for 
better and new forms of treatment and due to supply of new generations of equipment 
with increasing and improved functionalities. Suppliers are also differentiated: a 
limited number of large suppliers take up a major share of the market while a larger 
number of small companies and start-ups play an important role in bringing 
innovations to the market.  
 
 
4.3.2. Regulatory aspects of the medical equipment market and innovation 
 
The health care sector is highly regulated with regard to the entrance of new 
equipment and drugs, the type of treatments and drugs under the health insurance 
system, and with regard to nature and size of budgets available to health 
organisations.   
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On a national and European level rules for the safety and effectiveness of medical 
equipment are applicable, and procedures for assessments and allowing access to the 
market have been formulated (RIVM, 2006b). In practice it means that new 
equipment will have to follow specific test periods and evaluations (‘clinical trials and 
evaluation’), while these are shorter for improved versions of existing equipment 
(Deckers, 2006). It is noted however that the market entry procedures for new drugs 
are much more elaborate and stricter than those for medical devices (RGO, 2002). EU 
regulations for medical devices has shifted in the past decade from detailed 
harmonisation of national regulations and standards to a new approach of regulation 
limited to essential requirements, laid down in the 1993 EU directive on medical 
devices (IPTS, 2000). Medical devices are classified in risk classes and those devices 
of high risk require design/clinical trial reviews, product certification and an assessed 
quality system. In an empirical study on the effects of harmonisation of the 
regulations regarding medical devices a positive impact on innovation and 
competition was indicated by a sample of 150 firms in Europe (IPTS, 2000: 79). 
However the study also concluded that smaller firms may be impacted heavier by the 
bureaucratic demands of the new regulations relative to larger companies, who are 
also in a better position to influence the setting of standards (IPTS, 2000: 80).  
 
 The nature of organisation of health care has a strong bearing on adoption of 
innovations. This involves the financial structure such as the type and amount of 
budget that is allocated by central government and the way it is distributed to 
hospitals, their departments and specialists. The procedures through which innovative 
medical devices become eligible for reimbursement have an important impact on the 
process of innovation and its diffusion (RGO, 2002).  
 
In overview, most important regulatory structures influencing the process of 
innovation for medical technology involve the requirement for new equipment to be 
introduced into clinical use of clinical assessment and trial. One effect is that has led 
to an institutionalisation of the relationship between medical equipment producer and 
user in the innovation process.  
 
 
4.3.3. The role of science and technology in medical equipment innovation 
 
The medical technology industry is R&D intensive. In the innovation process for 
medical devices, more than for most other industries, many fields of science converge 
(Pammolli et al, 2005). Figure 4.4. shows the share of private R&D in the medical 
devices sector compared to other sectors. The level of 5% is the overall average of the 
sector, the leading companies in the sector report around 10% expenditures on R&D 
as a percentage of turnover (Deckers, 2006). Intellectual property aspects play an 
important role in the high tech part of the medical device products. Patents are often 
seen as a way to appropriate returns for product and process innovations. Table 4.3 
shows that the Netherlands takes a middle position in terms of the number of patents 
per 100,000 inhabitants, lightly above the EU average, but below frontrunning 
countries as the US and Switzerland. More specifically for the biotechnology sector, 
currently one of the main drivers of medical innovations, the Netherlands occupies a 
frontrunning position in Europe in terms of the number of patents per million 
inhabitants (KPN, 2006). 
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Figure 4.4  Share of R&D in value added (%) 
  (Pammolli et al, 2005: 27). 
 
 
 

 
 
Table 4.3  US Patents for medical devices and pharmaceuticals, by nationality of 

assignee, 1974-2003 (Pammoli et al, 2005: 150). 
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Public R&D plays an important role in building the science and technology base for 
medical innovations. GFHR (2004) reported that in 2001 the Netherlands invested 
0,16% of gross domestic product (GDP) in public research and development for 
health care, see table 4.4. After the US and Austria as top public investors in health 
care R&D, the Netherlands is more or less at par in public spending on health care 
R&D with Finland and Sweden, but slightly above Germany. According to GFHR 
(2004: 26) “the private for-profit sector spent 49 per cent of total global health R&D 
expenditures in 2001, investing US$51.2 billion, up from US$40.6 billion in 1998”. 
Main private actors are multinational pharmaceutical companies and, to a lesser 
extent, biotechnology and medical instrument companies.  
 
Table  4.4 Public sector investments in research and development in health care in 

various countries (GFHR, 2004: 23) 
 

 
 
Summarising, a solid base in science and technology is a precondition for the 
generation of medical innovations. The Netherlands has significant public spending 
on health care R&D and a solid position in patents related to medical innovations.   
 
 
4.3.4. Competition in the medical equipment market 
 
Competition in the high tech segment of the medical equipment market takes 
predominantly place along the dimensions of performance and functionality. The 
medical euipment sector is a characterised by a limited number of globally  operating 
and competing companies, each with head start in their domestic markets. These large 
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companies mainly focus on continously bringing incrementally improved products to 
the market, and secure their market shares by continuously responding to demand for 
improved functionalities (improvement of image quality) and adaptation of their 
equipment for use in new clinical areas (expansion of application spectrum). The 
market leaders spend roughly 10% of turnover in R&D in order to satisfy critical 
professional customers who have the ability to assess technologies and potential 
applications. Competition also arises from the large number of start-ups that tend to 
bring more radical innovations to the market based on very specific applications and 
customer needs. Often these start ups are based upon the ideas from professionals 
from the health care sector. For these start-ups the importance of protecting 
intellectual property is high in order to secure first-mover advantage and to attract 
venture capital. The market leaders (GE, Philips, Siemens) are mainly focussed on 
further evolution and improvement of their product groups and are less active 
themselves in more radical innovations. Their main strategy is to monitor start-ups 
and scout the most promising ones, and eventually acquire these start-ups if they have 
significant market potential and have opened up new segments and applications 
(Deckers, 2006). With regard to patents, the market leaders have established freedom-
to-move agreements regarding the use of each other’s intellectual property, as the 
medical imaging systems represent constellation of technologies with large number of 
patents from different parties.  
 
Whereas in the initial medical imaging market competition took place based on 
equipment sales, the leading companies now offer equipment and service contracts 
and the competition is now shifting in medical imaging equipment such as MRI is 
now moving towards pay-per-view contracts where the manufacturer provides the 
equipment and its maintenance to hospitals, while the hospital pays based on the 
intensity of use (Deckers, 2006). In order to maintain an edge in the medical 
equipment market firms have extensive networks and contacts with customers in the 
health care sector, and reputation and brand familiarity are important assets.   
 
Most competition within the health care sector takes place at the supplier level, with 
the medical device industry and pharmaceuticals competing on the Dutch, European 
and global markets. In the Netherlands less competition takes place between health 
care organisations, although reorganisation of health care organisation aims to 
increase this competition. In the US, for example, competitiveness is higher, and 
healthcare organisation compete for patients also on the basis on availability and 
application of advanced medical technologies. In the Netherlands, the main driver for 
drug and medical device innovation is the search for new and better treatment 
methods, with academic medical centers playing a central role in the process.  

 
Recent changes in the Dutch health care system are designed to introduce more 
competition within the sector, in order  to enhance innovativeness in the sector, and 
especially especially innovations that reduce costs of treatments will diffuse more 
rapidly. This is relevant because many studies have found that innovations within 
healthcare often do not reduce costs (Maarse & Groot, 2005). One reason is that 
innovations may lead to reduction of costs of individual treatments but that the 
innovation enables a broadening of the indication area and leads to an increase in the 
number of treatments. Another factor that the primary interest of medics is in finding 
new and better treatments and not in reducing costs, where also application of high-
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grade technology is seen as a form of prestige through which medics and hospitals can 
stand out (Maarse and Groot, 2005). 
 
In overview, competition in the medical equipment sector is both technology-
intensive and demand-specific. Market leaders have extensive networks in the 
healthcare sector and provide more and more integrative solutions to customers. Start-
ups aim to satisfy specific customer needs by developing new applications and 
equipment.  
 
 
4.3.5 Patterns of interaction and collaboration in the medical equipment market  
 
The health care sector is regarded as an innovative sector with a continuous stream of 
innovations emerging based on new drug development,  new medical equipment, and 
new ways of treatment and care (Biemans, 1991; Gelijns and Rosenberg, 1994; 
Gelijns and Thier, 2002; Maarse & Groot, 2005; Schumacher & Nies, 2005). This has 
long been related to the technology-push character of the sector with innovations in 
science trickling down to healthcare (the so-called linear model of innovation), but in 
the past decades much research has emphasised the interaction between users 
(medical practioners, medical centers), industry and academia within innovation 
processes. Von Hippel (1988) found that users played a dominant role in the idea-
generation, invention and subsequent development of new scientific instruments, 
among them may medical devices. Biemans (1991) tested these results for medical 
equipment innovations in the Netherlands in his dissertation. In an assessment of  17 
cases of innovative medical devices he analysed the role of users, manufacturers and 
third parties (universities, research institutes, distributors, suppliers, government 
agencies) in seven different phases of the innovation process: (1) idea-generation; (2) 
preliminary assessment; (3) concept; (4) development; (5) testing; (6) trial; (7) launch. 
The following table gives the results (Biemans, 1991: 168). These show the 
importance of networks for medical device innovation, with significant involvement 
of users particularly in the early phase of the innovation process.  
 
 

 
 
Table 4.5:  Involvment of manufacturers, users and third parties in the development of 
   new medical devices (Biemans, 1991: 168). 
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Universities often play an important role in the process of developing medical 
devices. This can take the form of new scientific or technological principles that are 
consequently exploited to develop new ways of treatment. Examples of academic 
contributions and university-industry collaboration can be found in the development 
of lasers, endoscopy devices, and medical imaging machines such as MRI (NAS, 
2003: 91). In the Netherlands, just as in many other countries, university-health care 
relations are more or less institutionalised in the form of a number of academic 
medical centers (Amsterdam, Rotterdam, Utrecht, Groningen, Leiden). In these 
centers a range of healthcare activities takes place through cooperation between 
academic hospitals and medical faculties in a continuum from patient treatment to 
academic research. The role of industry-user interaction is furthermore underpinned 
through the nature of regulation of entry of new products in health care organisations, 
with extensive trial and assessment procedures. 
 
Summarising, the role of user-industry, user-science and science-industry 
relationships and collaboration play a crucial role in the medical equipment sector. 
The interactions function as a way to find potential applications coming from 
scientific and technological developments and to develop ideas into products that 
work in an iterative way.  
 
 
4.4 Two examples of innovations: Magnetic Resonance Imaging (MRI) and 
Coronary Stenting 
 
This section briefly introduces two major medical innovations in recent decades to 
illustrate the nature and drivers of medical innovation processes 
 
The concept of MRI builds upon advance in the area of Nuclear Magnetic Resonance 
(NMR) and NMR spectrometers. The original discovery of the NMR phenomenon 
was made by Felix Bloch, Professor of Physics at Stanford University, USA, in 1946. 
In the 1950s and 1960s commercial NMR spectrometers were built (Von Hippel, 
1988: 143). In the seventies articles were published regarding the potential of image 
formation by induced local interactions based upon NMR and these found their way 
to a scientist in the Philips Laboratories (Diebels, 2004: 8). In combination with 
achievements in computer tomography imaging that showed the possibility of cross-
sectional imaging this led to the develoment of MRI systems (Diebels, 2004: 8). In the 
early eighties first MRI systems were introduced in the US. From the first 
introduction of a MRI-system in the Netherlands in 1983, the innovation has diffused 
steadily throughout hospitals. However in the early phase of introduction, an 
evalution report by the health council argued that the systems were rather expensive 
and had only limited use, and expected that diffusion would remain rather low. The 
later success and diffusion of MRI were mainly based on a dedicated group of people 
that believed in the technology, both professionals, academics and industry 
represnentatives. Users especially believed that were a significant number of potential 
applications for MRI, while the industry and science felt that there was significant 
room for improvement of the performance of the equipment (Deckers, 2006, Diebels, 
2004). Further diffusion continued especially as new uses for the MRI-system were 
developed and the range of indication areas broadened. Ottes (2005: 96) reported 36 
MRI systems in use in 1993, and this increased to 100 in 2003 (Ottes, 2005: 96). 
Blank and van Hulst empirically looked at the diffusion of a number of innovations, 
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under which MRI. Based on a response of 64 hospitals they found in 1995 close to 
30% of the hospitals had adopted a MRI-system while this increased to around 75% 
of the hospitals adopting the innovation by 2005, see figure 4.5. Magnetic Resonance 
Imaging is now one of the key imaging technologies in radiology departments in 
hospitals. In 2005, the total world MRI market was approximately EUR 5 billion, and 
consisted of MRI systems, services and accessories. Over the past 10 years, the 
number of MRI procedures grew on average by 10 percent per year. This has been 
driven by an increasing number of diagnostic applications. MRI as part of medical 
imaging systems is now a profitable business for the market leaders. The importance 
of solid expectations and a dedicated group of believers in such a technology is 
essential as for example a representative from Philips Medical Systems reports that it 
took almost two decades from the first projects of Philips in NMR and MRI in the 
seventies to the nineties to make MRI profitable (Deckers, 2006). 
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Figure 4.5 Diffusion of MRI-systems in hospitals in the Netherlands, 1995-2005 

(adapted from Blank and van Hulst, 2005: 155).  
 
 
Figure 4.6. gives a short overview of evolution of another key technological change in 
the health care sector: the treatment of coronary artery disease (CAD)9. Coronary 
artery disease occurs when the arteries that supply blood to the heart muscle (coronary 
arteries) become hardened and narrowed, due to the build-up of plaques on the inner 
walls or lining of the arteries (atherosclerosis). Blood flow to the heart is reduced as 
plaques narrow the coronary arteries, leading to a decrease of the oxygen supply to 
the heart muscle. The history of the treatment of CAD dates back at least to the 
nineteenth century. In the seventies the main treatment was open heart surgery and 

                                                
9 This section is based upon Pammolli et al, 2005: pages 61 to 66. 
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coronary artery bypass graft (CABG). However, the latest 30 years have witnessed at 
least three important innovations, which determined a sensible change in the practice 
of the treatment of this pathology. The first one can be identified with the work of Dr. 
Andreas Greuntzig, a German physician working in Switzerland, who in 1977 
inserted a balloon catheter into a patient’s coronary artery, successfully opened a 
blockage and restored blood flow to the heart. This was the first percutaneous 
transluminal coronary angioplasty (PTCA). A decade later, PTCA – a minimally 
invasive technique – took off in Europe, and rapidly established itself as one of the 
most common surgical procedures, all over the world. Although extremely successful, 
balloon angioplasty had limitations, mainly due to restenosis or re–narrowing of the 
treated lesions (Pammolli et al, 2005: 61-66).  
 
In the first half of the 1990s, a second major innovation was introduced in the market. 
Stents were developed to try to solve the restenosis problem. A stent is a tiny metallic 
mesh with tubular shapes that is inserted into the artery using PTCA techniques, and 
acts like a mechanical scaffold that limits re-narrowing of the artery. Following the 
introduction of stents, restenosis rates dropped in the 15 percent – 20 percent range. 
Therefore, the stent market noticeably took off in Europe in the second half of the 
1990’s, and landmark clinical trials established the superiority of stents over balloons. 
At the beginning of the new century, stents were able to cope brilliantly with all the 
mechanical issues. However, restenosis also involves a biological process during 
which scar tissues form inside the stent and reduce blood flow. Hence, to address this 
biological process, drug–eluting stents were developed. Drug eluting stents (DES) 
represent one of the most innovative developments in interventional cardiology. This 
device associates an anti-proliferate drug to prevent scar tissue formation, a drug 
delivery system to release the active drug at a specific rate and a stent to carry both 
the drug and the drug delivery system and to act as a mechanical scaffold. As a result, 
the risk of incurring in restenosis is highly reduced. The expansion of the market for 
DES can be explained by the fact that, from the clinical point of view, the 
introduction of DES had the effect of allowing physicians to treat patients that present 
more complex conditions. These include diabetic patients, and individuals with 
smaller vessels and more extensive plaques in the artery, who were treated by means 
of invasive surgery, before the introduction of DES. This circumstance translated in a 
huge increase in the quality of life. However, although clinical benefits of DES are 
increasingly evident, important concerns about their costs have been raised in the 
medical community (Pammolli et al, 2005: 61-66).  
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Figure 4.6 Evolution of innovation in treatment of coronary artery disease 
  Source: Kim et al (2005: 13). 
 
 
4.5 Explanation 

 
1. Market demand is a core driving factor in the medical equipment sector. This is 

reported in a range of studies (Weisbrod, 1991, Gelijns and Rosenberg, 1994). 
Pammolli et al. (2005: 17) single out demographics (aging population), income 
growth (that can sustain increasing demand for high-tech health servies) and 
increasingly extensive health insurance systems as important long-term drivers of 
the medical equipment market. There is a continuous search for new and better 
treatments in a wide array of medical market segments, and the combination of 
interaction between different disciplines (within medicine), between universities 
and industry, between universities and healthcare organisations, and in academic-
industry-healthcare networks leads to continuous search for and discovery of new 
functionalities for new and modified medical devices. 

2. Advances in fundamental science are critical to the development of new 
therapeutic and diagnostic devices (Gelijns and Thiers, 2002: 73). Research in 
NMR enabled the development of MRI systems, fundamental advances in 
genetics and molecular biology have enabled the biotechnology industry. 
Especially the strong interactions beween academics and the medical profession, 
such as institutionalised in the form of academic medical centers facilitates the 
process of developing applications based upon breakthroughs in these scientific 
disciplines.  

3. The innovation process for medical innovations is characterised by strong 
interaction between science-industry-user. The role of users is crucial for the 
generation of new ideas and concepts and to learn about the potential applications 
of innovations. In a path-breaking study Von Hippel (1988) found that users 
dominate the innovation process for first of type medical instruments, and 
developed the idea of user-led innovation, also in response to the common 
wisdom that manufacturers develop production innovations. Gelijns and 
Rosenberg (1994: 32) stress “two critical characteristics of innovation in 
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medicine: (1) New technologies retain a high degree of uncertainty long after their 
initial adoption; and (2) a close interaction between developers, often in industrial 
laboratories, and users is crucial to the development of new medical 
technologies”. Lettl (2005) finds in an empirical study of five ‘radical medical 
innovations’ that inventive users played an ‘entrepreneurial’ role as innovation 
networkers. Those surgeons that were the original inventors of radically new 
health care technolgies established and organized the required innovation 
networks. They identified relevant partners, formed a network of experts with 
complementary knowledge bases, and coordinated this network. These innovation 
networks were required to transform their radically new ideas into first physical 
prototypes. 

4. The rate of R&D spending in the medical equipment sector is high. Large players 
report a R&D share of around 10% relative to turnover (Deckers, 2006), while 
some of the most innovative new entrants in the medical equipment sector may 
spend more than 20% of sales on R&D (NAS, 2003: 80).  

5. The dynamics of innovation in medical equipment is also related to the built-up of 
the industry and its competitive forces. There is  a key role for start-ups in the 
development of more radical innovations. Incumbents mainly focus on 
incremental improvement and monitor the potential of start-ups and their 
innovations (NAS, 2003: 81-82; Deckers, 2006).  

6. Regulation plays an important role in the innovation process and the diffusion of 
innovations. Regulation for pre-market approval have led to institutionalisation of 
relationships between manufacturer and user (Shaw, 1998). The organisation of 
the health care system and its funding play an important role in establishing the 
health care market (Pammolli et al., 2005).  

7. Innovation processes in the medical equipment are characterised by involvement 
of various actors in complex networks. Patterns of interaction between users, 
manufacturers, scientists and regulators, network strategies, collaboration and the 
involvement of users are key aspects central to innovation in medical equipment 
(Biemans, 1989, 1991; Shaw, 1998; Gelijns and Rosenberg, 1994; Gelijns and 
Thiers, 2002; NAS, 2003; Lettl, 2005). 
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4.6 Comparison with energy sector 
 
 
 Telecom Medical 

Technology 
Automotive  Energy 

Market 
Scale Handset: 

global  
Provider: 
European, 
national 

Global Global  Technology: 
Global 
Production 
and supply: 
National and  
Transnational 

Industrial 
Organisation 

Alliance 
organisation 
with good 
position new 
comers 

Alliance 
organisation 
with good 
position new 
comers 

Global 
conglomeration 
incumbents, 
alliances with 
suppliers   

 National 
champions 
with local 
niche players  

Type of 
competition 

Product 
competition 

Product 
competition 

Price 
competition 

 Restricted 
price 
competition 

Type of 
market 

Consumer 
market 

User market User market  Producer 
market 

Product 
lifecycle 

1-3 years    20-40 years 

 
Aspects of 
network 
externalities 

Three 
competing 
grids 

Innovation 
embedded in 
health care 
system 

Fuel and road 
infrastructure 

 Grid bound 
technology 
and services 

Performance 
orientation  
Static/dynamic 
efficiency 

Dynamic and 
static 
efficiency 

Dynamic 
efficiency 

Static and 
dynamic 
efficiency 

 Static 
efficiency 

R&D 
Innovativeness High (Winner 

takes it all) 
High 
(Winner, 
takes it all) 

High (cost 
reduction and 
functionality) 

 Low (Lack of 
market 
incentives) 

Key 
technology 

Digitalisation, 
nano, image, 
display 

digitalisation Combustion 
combined with 
digitalisation 

 Combustion 
and turbine 

Key drivers Performance, 
quality and 
service 

Performance, 
quality and 
service 

Regulation and 
performance 

 Regulation 

Role of 
expectations 

High 
technical and 
economic 
expectations 

High 
expectations 
functionality 

Market share 
increase 

 minimal 
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 Telecom Medical 

Technology 
Automotive  Energy 

R&D structure Global 
alliance 
based, 
science, 
technology 
and industry 

Strong 
collaboration 
users, science 
and industry 

Global alliance 
based science, 
technology 
industry with 
strong ties 
supply 
industry 

 Incumbent 
controlled 
R&D in 
combination 
with 
technology 
specific R&D 

Regulation 
History Monopoly 

regulation 
Market 
regulation 

Market 
regulation 

 Monopoly 
regulation 

Significance 
for innovation 

Low High High  High 

Sector 
regulator 

Yes Yes No  Yes 
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5 Innovation and Diffusion in Copying and Printing 
 
 
5.1 Introduction 
 
This chapter discusses innovation and diffusion in copying and printing. The structure 
of the chapter follows that of the other chapters. Section 5.2 summarizes the core of 
the sector technology, section 5.3 describes the basic features of the market and 5.4 
analyses the innovativeness of the sector. The chapter concludes with a short 
comparison between the copier and printer sector and the energy sector. 
 
 
5.2. Characteristics 
 

 
Figure 5.1 Core Technology in the Market for Unstructured Document Printing 
 
Figure 5.1 represents the core technology that is central to the market for copiers and 
printers at a very general level.10 The printing process can be considered as the 
transfer of stored data to paper, which results in an end product, i.e. a printed 
document. The copying process entails an additional activity: the scanning of an 
original document prior to printing. The copying and printing processes can involve 
black and white reproduction or colour reproduction. However, large scale coloured 
reproduction is still rather new and remains one of the challenges of today’s 
innovation. 
 
Today’s most popular printing alternatives are based on two core technologies, i.e. 
xerography and inkjet printing. Principles deriving from xerography can be 
recognized in much of the equipment for the office environment, including 

                                                
10 The section is based on information from different (company) websites and OCE-interview 
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photocopiers and laser printers, while inkjet technology is commonly found in the 
home/desktop environment.  
As the copying process represented in Figure 5.1, xerography can be divided into 
scanning and printing. The traditional way of scanning, i.e. the manner of scanning 
prior to the emergence of digital technology, consists of two stages. During the first 
stage, a rolling drum is electrically charged. In the second stage, an original document 
moves over a lens. Where there is image, no light hits the drum and the drum remains 
charged; where there is no image, light hits the drum and the drum is discharged. 
Printing consists subsequently of three stages. In the first stage, the drum roles along 
toner, which is attracted to the drum because of its charge. During the second stage, 
paper is passed between the drum and another element, known as the transfer corona, 
which attracts toner away from the drum and towards the paper. In the final stage, the 
toner is fused with the paper, using, for instance, heat. 
 
Some variations on xerography exists. Océ, for instance, introduced their copy press 
technology. It differs from traditional xerography in the fact that toner is not 
transferred directly from the drum to the paper. That toner is rather pressed from the 
drum onto a heated roller. The paper moves subsequently over the roller, fusing the 
toner with the paper. Notwithstanding the differences, xerographic principles can be 
recognized. 
 
Once digital technology found its way in the market for copying and printing, 
xerography evolved. Basically, the new technology implicated that the scanning 
process results in digitally stored data. As a consequence, data can be transferred 
outside the traditional copying process, as shown in Figure 5.2. 
 

 
Figure 5.2 Basic Implication of the Introduction of Digital Technology 
 
It shows that stored data can be edited and transferred to any place in the world. In 
this way the Financial Times is printed in London and Johannesburg in the same 
format at the same time. Although the core technology in equipment for the office 
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environment remains largely based upon principles of xerography, the digital 
revolution in the copying and printing market and the emergence of connectivity 
introduced nevertheless a wide range of new opportunities to innovate. 
 
While the basic principles of xerography still form the heart of copying and printing 
in the office environment, major changes could be observed in the home/desktop 
environment. That is, a substantial alternative to the xerographic printing principles 
emerged, i.e. inkjet printing technology. At the core of the inkjet printer is a print 
head that sprays micro droplets of ink directly onto paper. The printer is connected to 
a personal computer and the print head is digitally controlled. In conjunction with the 
emergence of low cost scanning devices, copying opportunities were consequently 
introduced to the home/desktop environment that had previously not been available. 
This resulted in new dynamics in new product development in the market for 
equipment for the home/desktop environment. 
 
 
5.3 The (inter)national market of printing and copying11 
 
The market for office equipment is a global market with a small number of suppliers 
of technology, machinery and services. In, for instance, the particular segment of 
unstructured document reproduction Canon, HP, Ricoh, Xerox and Océ are the most 
prominent competitors. The players originate from the US, Europe and Japan, but 
have spread their business activities (R&D, production and sales) worldwide. Océ 
originates in Europe (the Netherlands), Xerox and HP in the US, and Canon and 
Ricoh in Japan. The market for home/desktop equipment consists of smaller 
printer/scanning machinery and is less segmented. This part of the printing and 
copying market is served by a larger number of (smaller) suppliers, but several of the 
brands that are active in the market for office equipment, offer consumer equipment 
as well. 
 
The 2005 annual report of HP-company characterizes the overall market of HP 
(including printing and copying) as follows: “We compete primarily on the basis of 
technology, performance, price, quality, reliability, brand, reputation, distribution, 
range of products and services, ease of use of our products, account relationships, 
customer training, service and support, security and availability of application 
software and our Internet infrastructure offerings.” 
 
About the market of the HP imaging and printing group the report notes: “However, 
the markets for printer hardware and associated supplies are highly competitive, 
especially with respect to pricing and the introduction of new products and features. 
IPG’s key competitors include Lexmark International, Inc., Xerox Corporation 
(‘‘Xerox’’), Seiko Epson Corporation, Sony Corporation of America, Canon USA, 
Inc. and Dell. (…) In recent years, we and our competitors have regularly lowered 
prices on printer hardware both to reach new customers and in response to the 
competitive environment. Important areas for future growth include digital 
                                                
11 Unfortunately, Data Monitor had no free access to the printing and copying market and other 
statistical sources did not provide for comparable quantitative market information. The information in 
this section therefore is based on other sources, the interview, from the ICT-market monitor 2004-2005 
published by the branch organisation ICT-office and other market information on the internet (for 
instance annual report of Hewlett Packet Company). 
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photography in the home and outside the home, printer-based multi-function devices 
in the office space, digital presses in our imaging and graphics space and driving color 
printing penetration in the office” (HP annual report 2005/webpublication). 
 
The ICT-market monitor characterizes the Dutch market for ICT and copying and 
printing as: “The overall market for office technology, furniture and supplies yielded 
a turnover of € 3.25 billion in the Netherlands in 2004. This represents a decline in 
relation to 2003 by more than 7.6%. Developments in the sub segments, technology 
and furniture, present a different view: Here it is evident that, analogous to the IT 
market, the technology market grew by 3% to € 1.96 billion in 2004. The office 
furniture and supplies market has seen a sharp downturn to € 1.32 billion (-20%) in 
the past year. 
 
The recorded growth in the office technology market was due (as in 2003) to the 
increase in the number of printers and Multifunction Peripherals (MFP: ‘smart’ 
printers that can also be used as fax machines, scanners and copiers) by more than 
10% to € 640 million. The other technology segments also performed better in 
comparison to 2003. The Repro equipment turnover stabilized this year after a 
lackluster performance in 2003. The share of this sub market, in relation to the overall 
market, has increased in recent years from 48% in 2002 to 60% in 2004. It is expected 
that this trend will be continued in 2005 at the expense of office furniture and 
supplies.”12 
 
The above shows the volatility of the copiers and printing market and the integration 
of ICT. The market has benefited strongly from the ICT boom during the 1990s. ICT 
gave a new perspective to the traditional stand alone copying and printing business, 
leading to new multifunctional equipment and new services, such as electronic 
archiving and document management systems. The speed of the innovations has 
shortened the economic and technological lifecycle of the office equipment 
(approximately 3 to 7 and 8 to 12 years respectively).  
 
De Figueiredo and Kyle (2006) analyzed product evolution in laser printing and 
showed the high dynamics in number of firms and number of products offered during 
the 1990s. See next two figures.  
 

                                                
12 This quote is taken from the ICT market monitor 2004-2005. The quote also shows the difficulty of 
tracing and isolating the segment copying and printing in the official statistics.   
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Figure 5.3 Evolution of number of products and firms in laser printing 
Source: De Figueiredo and Kyle (2006) 
 
The figure shows the evolution of the number of firms producing laser printers and 
the number of models available on the market. It shows that in 1996 633 different 
models in laser jet printing were available on the market produced by 230 firms.  
 
The next figure shows the entry and exit number of the models offered in laser 
printing. The figure shows the high dynamics in this market segment with 200 new 
models in 1990 with less than 20 withdrawals in the same year.  
 

 
Figure 5.4 Evolution of laser printer models 
Source: De Figueiredo and Kyle (2006) 
 
Another characterization of the market is offered by De Neufville and Pirnar (1999) 
who analyzed IBM’s options to respond to the tread of commoditization of the PC and 
compared this segment with the non-commodity segment of the computer market. 
Many of the characteristics of the PC-market are comparable with the printer and 
copier market, where the commodity segment represents the consumer market and the 
professional market the non-commodity segment. It shows that in the PC market the 
gross margin in both market segments differs significantly. This difference in margin 
is comparable to the printing and copying market (Océ, personal communication). So 
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both in the PC and the printing and copying market, keeping up the profitability 
margin is a key driver of R&D.  
 
 

 
Figure 5.5 Comparison of the (non-)commoditized segments of the IBM PC market 
De Neufville and Pirnar (1999)  
 
In conclusion, the market for printing and copying is a global market, both in the 
professional and the consumer segment. It is clearly competitive market with 
technology and service (speed, quality of print) improvement as key drivers of 
innovation. Company R&D is a must to keeping and continuing margin and 
profitability. Tang et al. (2000) nicely summarized the dynamics of the printing 
market in the next quote: “In the Mind Machine Museum, which is billed as a virtual 
museum and gallery of vintage computers', there exists an exhibit of the first Hewlett-
Packard (HP) laptop computer from 1984, with an original price of $2995 and an 
optional portable HP printer called the Thinkjet costing $495 additionally. Both 
laptop computer and ink jet printer were novelties back then, but have since evolved 
into common items both in the office and home.” One could add that the price of the 
laptop lowered to $ 1000-2000 with each generation offering more service and quality 
to its user. The same holds for the printing and copying technology.  
 
 
5.4 Explanation 
 
1. The printing and copying market is technology driven. R&D is necessary 

condition to stand competition and to continue profitability. As soon as an 
innovation gets commoditized, the margin erodes and a next generation 
innovation should be ready for market entry to enlarge the technological distance 
vis-à-vis competitors. Companies therefore spent significant part of turnover for 
R&D (for instance Océ spends about 7% of turnover (3 billion) on R&D and for 
Canon and HP this is about the same). 

2. Having a smart R&D strategy is a basic necessity for survival in the printing and 
copying market. Important ingredients of such a strategy is to think ahead some 5 
to 10 years, to consult the right documents (patents), to be at the right places 
(exhibitions), to listen carefully to customer’s ideas and wishes and to combine all 
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the information with the company’s knowledge, expertise, ambitions and 
possibilities. Part of the R&D strategy is translating the basic information on 
technical developments and customer wishes into feasible and rewarding R&D 
projects. Projects that clearly distinguish between technology the company wants 
to develop itself and technology which is freely and cheaply accessible (personal 
communication Océ).   

3. A lot of innovation comes from suppliers and supportive technology. R&D in the 
sector itself is basically intelligent and creative application of technology and 
smart combinations of technology. 

4. Digitalization and the new opportunities. Currently, Océ spends about 30% of its 
R&D on software development. It offers customers packages of hard and software 
which facilitates printing and copying needs of companies worldwide. For 
instance Océ is able to facilitate the complete document processing, management 
and archiving of assurance companies with its in house developed soft- and 
hardware. Electronic newspaper layout and printing at different locations on the 
world is but one of the examples offered by combining soft and hardware in 
printing. 

5. The innovation in printing and copying clearly benefited from the concurrence of 
different technological developments as digitalization, optical/laser technology 
and nano/high precision technology. Each of these technologies is highly 
complicated in itself. The printing sector manages to combine these highly 
complicated technologies in an intelligent way in high quality equipment, which 
responds almost all professional and private demands in document processing at a 
very high quality level.  

6. The market is a customer oriented market with quality, service and convenience 
improvements as major drivers of innovation and investment. The series of 
equipment are not too large and therefore no barrier for innovation. Large series 
are expensive to replace.  

7. De Figueiredo and Kyle (2006) quantitatively analyzed product entry and exit in 
the laser printer industry. Their analysis showed that “competition both slows 
product entry (in crowded niches) and speeds product exit.” They also found that 
“firms with large market shares are less likely to withdraw their products than are 
those with small market shares.” They also found that the most innovative 
products had lower hazard rates than products behind this innovative frontier. 
Actually they traced two types of frontiers in the laser industry, the technological 
frontier, decided by the most innovative products and the commercial frontier, 
decided by the market share of the mass market.  
 
They also found “that the innovative capability of the firm, as reflected in its stock 
of knowledge (measured by relevant patents) increases the incidence of entry. 
However, innovative capacity seems to have no effect on product withdrawals. 
Companies with strong laser printer brands, on the other hand, have lower 
incidence of entry, and also have lower hazard rates of product exit than other 
firms. The relationship between brands and product entry was not anticipated by 
our theory. What happens when a firm is highly innovative and has a strong 
brand? These types of firms have lower exit rates for their products. However, the 
effects of brands and patents on product entry operate in opposite directions. It is 
an empirical question as to which dominates. We have calculated this effect for a 
number of firms and we find that innovation effect swamps the brand effect when 
it comes to entry. That is, firms which are both innovative and have strong brands 
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have high incidence of entry, and low rates of product exit. It is these types of 
firms that are product proliferators. They introduce new products and do not 
withdraw the older models.” They concluded the analysis with the following 
classification of firms in the laser printer industry. It should be noted that their 
analysis covered the period 1984-1996 and only focused on the laser printing 
segment of the market. It is unclear whether the analysis included both the 
home/desktop environment and office environment or only the home environment.  

 
Figure 5.6 Classification of innovative firms 
Source De Figueiredo and Kyle (2006)  
 
8. Watanabe et al. (2001) compared the diffusion trajectories of two of Canon’s 

innovation trajectories, the laser beam printer and the optical card. The laser beam 
printer found its way to the market successfully whereas the optical card did not. 
The core argument of the authors in their qualitative analysis is institutional 
timing of the R&D, which was imperfect in the case of the optical card and perfect 
in the case of the laser beam printer. The diffusion of the laser beam was 
supported by the rapid diffusion of personal computers. Other positive factors 
include the use of semiconductor lasers, and the use of Canon copier engines. 
These factors provided multiplier effects in realizing the product concept of high-
quality compact printers with popularity in the market. In the case of the optical 
card, Canon misunderstood the accessibility of the market of official organizations 
for optical cards. The potential users of the technology weren’t prepared for this 
new technology and Canon lacked knowledge of the potential market of the 
technology, because it had operated with optical technology only in the consumer 
market. 

9. Fleming (2002) qualitatively tackled the question why HP and Canon invented the 
ink-jet whereas others pursued the invention but didn’t succeed? He basically 
points to in-company factors being creativity in mixing technologies, professions 
and experiences and rapid prototyping and testing. He concludes that HP was 
adaptive to what he calls the breakthrough invention of ink-jet printing, because 
HP had remained a niche-player in printing markets despite its technological 
incumbency in a wide variety of printing technologies. “Its managers remained 
relatively open to break-throughs because new technologies would not cannibalize 
existing sales.”  

10. Sood and Tellis (2005) quantitatively analyzed the shape and competitive 
dynamics of technological evolution with printing technology as one of the 13 
technologies empirically tested. They first tested the single S-shape development 
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of performance improvement of technology and found that the performance of 9 
of the 13 technologies improved along a multiple instead of a single S-curve. The 
multiple S-curve for printing technology improvement is displayed in figure 5.7. 
The figure clearly shows the multiple S-curve evolution of performance 
improvement in printing technology (desk top). 

 
  

 
 
Figure 5.7 Multiple S-curve development desktop printing technology 
Source: Sood and Tellis (2005)  
 
Figure 5.8 shows the resolution per $ of the printing technologies in the sample of 
Sood and Tellis (2005). They concluded “that the evolution of technologies is not 
even a monotonic function of benefits per dollar. One possible reason is that firms 
charge higher prices for technologically advanced products until competition drives 
the price down.” 

 
Figure 5.8 Evolution of costs of resolution improvement 
Source: Sood and Tellis (2005)  
 
11. A final indication of high R&D dynamics in copying and printing is the number of 

patents. Figure 5.8 below gives an overview of the number of US patents on ink 



 63 

jet.  HP, for instance, had a worldwide patent portfolio in 2005 of 30.000 patents. 
Of course not all patents are on printing and copying, but this segment is a 
substantive part of it.  

 
Figure 5.9 number of US patents on ink jet.  
Source: Tang et al. (2000)  
 
 



 64 

5.5 Comparison with energy sector 
 
 
 Telecom Medical 

Technology 
Automotive Printers and 

Copiers 
Energy 

Market 
Scale Handset: 

global  
Provider: 
European, 
national 

Global Global Global Technology: 
Global 
Production 
and supply: 
National and  
Transnational 

Industrial 
Organisation 

Alliance 
organisation 
with good 
position new 
comers 

Alliance 
organisation 
with good 
position new 
comers 

Global 
conglomeration 
incumbents, 
alliances with 
suppliers   

Continent 
based global 
incumbents in 
combination 
with local 
niche players  

National 
champions 
with local 
niche players  

Type of 
competition 

Product 
competition 

Product 
competition 

Price 
competition 

Product 
competition 

Restricted 
price 
competition 

Type of 
market 

Consumer 
market 

User market User market User/consumer 
market 

Producer 
market 

Product 
lifecycle 

1-3 years   7-9 years 20-40 years 

 
Aspects of 
network 
externalities 

Three 
competing 
grids 

Innovation 
embedded in 
health care 
system 

Fuel and road 
infrastructure 

 Grid bound 
technology 
and services 

Performance 
orientation  
Static/dynamic 
efficiency 

Dynamic and 
static 
efficiency 

Dynamic 
efficiency 

Static and 
dynamic 
efficiency 

Dynamic and 
static 
efficiency 

Static 
efficiency 

R&D 
Innovativeness High (Winner 

takes it all) 
High 
(Winner, 
takes it all) 

High (cost 
reduction and 
functionality) 

High (Winner, 
takes it all) 

Low (Lack of 
market 
incentives) 

Key 
technology 

Digitalisation, 
nano, image, 
display 

digitalisation Combustion 
combined with 
digitalisation 

Digitalisation, 
nano, optics 

Combustion 
and turbine 

Key drivers Performance, 
quality and 
service 

Performance, 
quality and 
service 

Regulation and 
performance 

Performance, 
quality and 
service 

Regulation 

Role of 
expectations 

High 
technical and 
economic 
expectations 

High 
expectations 
functionality 

Market share 
increase 

High 
technical and 
service 
expectations 

minimal 
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 Telecom Medical 

Technology 
Automotive Printers and 

Copiers 
Energy 

R&D structure Global 
alliance 
based, 
science, 
technology 
and industry 

Strong 
collaboration 
users, science 
and industry 

Global alliance 
based science, 
technology 
industry with 
strong ties 
supply 
industry 

Global, 
company based 
alliance 
Science, 
technology 
industry 

Incumbent 
controlled 
R&D in 
combination 
with 
technology 
specific R&D 

Regulation 
History Monopoly 

regulation 
Monopoly 
regulation 

Market 
regulation 

Market 
regulation 

Monopoly 
regulation 

Significance 
for innovation 

Low High High Low High 

Sector 
regulator 

Yes Yes No No Yes 
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6 Summary and lessons 
 
 
6.1 Introduction 
 
This final chapter rounds up the analysis in the previous chapters and answers the 
research questions of the project as good as possible. In chapter 1 we pointed to the 
difficulty of finding references in literature at the level of detail and specification 
initially intended by the project. Publicly accessible quantified information about 
learning curves outside the energy sector is not available. The review therefore ends 
with information on the ins and outs of the four sectors and a fragmented explanation 
of innovation in these sectors. The chapter starts with a comparative summary of 
findings and ends with lessons for energy innovation.  
 
 
6.2 Summary of the findings 
 
The core characteristics of the four sectors and of the energy sector are summarized in 
figure 6.1. The content of the table is based on the findings of the literature review 
and the interviews with the sector experts. The table summarizes the sector 
characteristics under three headings: market (economy), R&D (technology) and 
regulation (politics). With the help of figure 6.1 we answered the research questions 
of the review as much as possible. 
 
The first research question was about the similarities and differences between the 
market structure of the four sectors and the energy sector. We covered this aspect 
under the heading of “market” in figure 6.1. The sectors show similarities and 
remarkable differences with the energy sector on market scale, market functioning 
and market dynamics. The scale of the market of technology in the four sectors is 
global. This is similar to the energy sector. Here too the market for the technology to 
produce electricity (power plants, generators, turbines) is a global market. The 
difference between the four sectors and energy is the scale of the market for the 
application of the technology. In energy this part of the market is still predominantly 
national with limited cross border company activities making the electricity and gas 
retail market a transnational market rather than an international market. Energy 
markets are dominated by large incumbents (transformed utilities) in combination 
with regionally based niche players. The barriers to enter the energy market are rather 
high, but since the introduction of liberalisation open for new entrants. In three of the 
four sectors the leading companies are multinational companies with locations in 
almost all continents of the world with an industry organized as alliance of 
specialization. In telecom the industrial organisation of the providers of telecom 
products and services is like in the energy sector, more (trans)nationally organised.  
 
Competition in the four sectors is on product and technology, a race fueled by 
competitive advantage, market leadership, profitability and “the winner takes it all” 
(first mover advantage) dynamics. This kind of technology driven competition and 
R&D dynamics is completely lacking in energy. In energy supply competition is far 
less intensive and basically price driven, at least in the industrial segment of the retail 
market. In comparison to a couple of years ago, price competition in the retail 
electricity market intensified, but the benefits of changing supplier are still restricted 
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and uncertain due to governmental taxes, which mitigate consumer benefits of price 
based.   
 
The type of market also differs between the four sectors and energy. In the four 
sectors the market is consumer oriented. In the energy sector the market is still 
supplier dominated, although the consumer orientation is rising. The transformation of 
the energy market into a consumer market is still ongoing and not yet finished. 
  
 
 Telecom Medical 

Technology 
Automotive Printers and 

Copiers 
Energy 

Market 
Scale Handset: 

global  
Provider: 
European, 
national 

Global Global Global Technology: 
Global 
Production 
and supply: 
National and  
Transnational 

Industrial 
Organisation 

Alliance 
organisation 
with good 
position new 
comers 

Alliance 
organisation 
with good 
position new 
comers 

Global 
conglomeration 
incumbents, 
alliances with 
suppliers   

Continent 
based global 
incumbents in 
combination 
with local 
niche players  

National 
champions 
with local 
niche players  

Type of 
competition 

Product 
competition 

Product 
competition 

Price 
competition 

Product 
competition 

Restricted 
price 
competition 

Type of 
market 

Consumer 
market 

User market User market User/consumer 
market 

Producer 
market 

Product 
lifecycle 

1-3 years 2-4 years 4-8 years 7-9 years 20-40 years 

Aspects of 
network 
externalities 

Three 
competing 
grids 

Innovation 
embedded in 
health care 
system 

Fuel and road 
infrastructure 

 Grid bound 
technology 
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Performance 
orientation  
Static/dynamic 
efficiency 

Dynamic and 
static 
efficiency 

Dynamic 
efficiency 

Static and 
dynamic 
efficiency 

Dynamic and 
static 
efficiency 

Static 
efficiency 

R&D 
Innovativeness High (Winner 

takes it all) 
High 
(Winner, 
takes it all) 

High (cost 
reduction and 
functionality) 

High (Winner, 
takes it all) 

Low (Lack of 
market 
incentives) 

Key 
technology 

Digitalisation, 
nano, image, 
display 

Digitalisation
nano, image, 
display 

Combustion 
combined 
with 
digitalisation 

Digitalisation, 
nano, optics 

Combustion 
and turbine 

Key drivers Performance, 
quality and 

Performance, 
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Regulation and 
performance 

Performance, 
quality and 

Regulation 
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service service service 
Role of 
expectations 

High 
technical and 
economic 
expectations 

High 
expectations 
functionality 

Market share 
increase 

High 
technical and 
service 
expectations 

minimal 
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technology 
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specific R&D 
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Market 
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Market 
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Monopoly 
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Significance 
for innovation 
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Yes Yes No No Yes 

 
Figure 6.1 Comparative summary of the five sectors 
 
Consumer autonomy and consumer choice in energy is still rather limited compared to 
telecom, printers and copiers and automotive. Households can choose mode of 
electricity production (grey or green), supplier and duration of fixed tariff. In the 
industrial segment of the energy market, consumers might also negotiate certain price 
advantages. In a comparative perspective, however, consumer autonomy and 
consumer choice in energy is still limited. 
 
Product lifecycles and lead time of investments also show remarkable differences. In 
the four sectors the product lifetime is a decade at the maximum, whereas in energy 
this is three or four times more. Of course this is due to the grid bound technology and 
service in energy. This network externality seems to be a core barrier for new 
entrants, since they cannot enter the market on a similar technological and service 
scale as the incumbent. They can bring new technology to the market (a wind turbine 
or a biomass gasification unit), but the technology can only function effectively when 
connected to the grid. The grid is dominated by the incumbent, both technically and 
economically which makes the introduction of a new technology to a non rational 
activity from a purely economic point of view, because the new technology can never 
beat the technology, products and services of the incumbent without extra financial 
support.13 In telecom newcomers brought new pieces of technology to the market 
which really challenged the incumbent’s dominant technology and offered real 
technological alternatives and real consumer choices to the market. Niche players, 
new entrants and suppliers had rather good chances to enter in the four sectors, 
because they brought attractive new technology and products to the market. In energy 
                                                
13 This rational underlies current support of renewable based electricity production in the EU 
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new comers are only tolerated in the periphery of the grid and in the green niche of 
the market.  A real grid bound alternative competitive technology is still missing in 
energy and this makes it hard for newcomers to enter the market with the intention to 
enhance competition. Although combined heat and power generation is already quite 
substantive in the Netherlands, competition in the energy sector in a way needs an 
equivalent of the wireless network in telecom. 
 
Without such an alternative neither the newcomer nor the new technology are a risk or 
tread for the incumbent because the basic orientation of the energy market is static 
efficiency. This orientation makes the incumbent a winner, since he is able to control 
and manage costs far better and effective than the newcomer and therefore always 
will be able to offer the lowest prices. In three of the four sectors the basic orientation 
is dynamic efficiency focusing on future gains on account of current low prices. Of 
course there exists a trade off between dynamic and static efficiency in the three 
sectors, but it is dynamic efficiency that still seems to dominate (CPB, 2002b). In 
automotive the tradeoff is static/dynamic in stead the other way around: current prices 
do count for producers and consumers. In energy a trade off between static and 
dynamic efficiency seems to be lacking. Market dynamics predominantly focuses on 
static efficiency, on reductions of current costs and low tariffs without any orientation 
on future energy products and markets.   
 
This brings us to the second heading of comparison “R&D” and to the second 
question of the review on the type of innovations in the four sectors and the 
corresponding learning curves. In R&D too, like in the market, there are remarkable 
differences between the four sectors and energy. In three of the four sectors 
innovation is fueled by “the winner takes it all” dynamics (competition for the market 
instead of competition in the market). The company with the newest technology (new 
product, new functionality) will gain most as long as he is in the winning position and 
the competitors haven’t cached up. Therefore, companies invest significantly in R&D. 
In automotive the innovateness is fueled by cost reduction and functionality of the 
technology. Diesel technology should meet specified emission standards in 
combination with high functionality and convenience. In energy, a comparable market 
based incentive to innovate seems to be lacking or is not that strong. Here the key 
innovation driver was and still is regulation. Regulation in combination with 
performance is an important innovation driver in automotive too. In the other three 
sectors the key drivers are improvement of performance and quality of product and 
service. Tempting technological and economic expectations are fuelling the 
innovation dynamics in the three sectors. Energy is lacking any appealing idea about 
the future energy provision or future energy technology, other than “humanity facing 
huge problems challenging the existence of the world.”  
 
There is, however, innovation of electricity production technology in the energy 
sector, in particular after the change of the scheme for the support of the production of 
renewable electricity. The introduction of the MEP in 2003 launched a substantive 
increase in both installed capacity and production of renewable electricity. A closer 
look shows that co-firing of biomass in large scale gas and coal fired plants produced 
about half of the renewable electricity between 2003 and 2006 (Website Energie in 
cijfers). From a producer’s perspective this can be a rational choice, but the 
innovative impact of co-firing of biomass is restricted since the distance to the 
incumbent technology (combustion of fossils) is minimal. The distance of wind 
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turbines, the second important renewable based technology, to incumbent technology 
is larger, but here the energy industry only became seriously interested after the 
maturation of the offshore technology.  
 
The number of patents is another indication of innovativeness of the sectors. See 
figure 6.2 
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Figure 6.2 Number of patents per technology 
Source: esp@cenet worldwide 
 
Figure 6.2 shows number of patent “hits” in a reference based search by the authors14 
in the worldwide patent register. Inkjet and color printing clearly registered the largest 
number of patents. Biomass is also in a very good position compared to renewable 
energy and wind turbine. There seems to be a lot going on in biomass technology 
worldwide. The number of biomass patents is significantly larger than that of wind 
turbines. Not that much patents have been registered under the label “Diesel 
technology”.   
 
Another important difference is that energy is lacking innovation dynamics from 
digitalisation and micronisation of technology, whereas the mutual fertilization of 
these technological developments leap frogged technology, products and services in 
all four sectors. The most spectacular example is telecom were innovation completely 
changed the way of life in less than 25 years. Digitalisation and micronisation has set 
technology onto new tracks of change and development and opened new economic 
horizons in the four sectors. Whereas the new technology invaded all four sectors it 
neglected energy thus far. In energy digitalisation enabled and facilitated the 
transformation from monopoly to market based supply, which was, no doubt, a 
tremendous change. The next step in digitalisation – the smart meter - is under 
preparation. This digital technology is expected to widen the spectrum in energy 
products and services and definitely will further differentiate existing products and 
services, but will it also change and accelerate innovation as it did in telecom, printers 
and copiers and medical technology? The smart meter probably will improve static 
efficiency of the energy market. 
                                                
14 We also tried a search by company name but this did not produce satisfying results. 
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Under the final heading of regulation it shows that two of the five sectors come from a 
tradition of monopoly regulation: telecom and energy. The other three sectors have no 
such tradition. Both monopoly sectors transformed into a market based organisation in 
combination with competitive oriented transactional relations monitored and 
controlled by a sector regulator. In automotive and energy regulation is the dominant 
incentive to innovate. The review did not give any clue on the impact of a sector 
regulator on innovation. It only showed that both sectors with a sector regulator, show 
opposite innovation dynamics: strong in the telecom sector and weak in the energy 
sector regulator.  
 
It is very difficult to draw any conclusions regarding learning curves on the basis of 
the review. We only came across non-sector specific findings on learning curves. For 
instance Sood and Tellis (2005) found a declining duration between successive 
improvements of technology. See figure 6.3 (see also chapter 4, figure 4.6). 
 
 

 
Figure 6.3 Duration between successive improvements of technology 
Source: Sood and Tellis (2005)  
 
They also found that: 
“1. Technologies do not show evidence of a single S-shaped curve of performance 
improvement. Rather, they evolve through an irregular step function with long periods 
of no growth in performance interspersed with performance jumps. A jump in 
performance appears to be largest after a long plateau of no improvement. 
2. New technologies may enter above or below the performance of existing 
technologies. The performance curves of a pair of competing technologies rarely have 
a single crossing. 
3. The path of technological evolution seems partially predictable. Previous 
improvement in performance of the same technology, improvement or crossing by a 
rival technology, and especially crossing by a rival firm tend to signal immediate 
improvement in performance. 
4. The rate of technological change and the number of new technologies increase over 
time. 
5. New technologies come as much from new entrants as from large incumbents. 
6. Each new technology introduces a sequence of random, seemingly unpredictable 
secondary dimensions as a new basis of competition.” 
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The next fragment is taken from Sood and Tellis (2005) where they suggest a certain 
innovation pattern based on a sequence/priority in four dimensions of technology: 
functionality, reliability, convenience and costs.   
 
“For example, Christensen (1999) notes four generic dimensions of intertechnological 
competition: functionality, reliability, convenience, and cost. Product functionality is 
the primary attribute on which consumers choose products in that category. Similarly, 
Moore (1991) suggests that products begin to compete on consistent performance, or 
higher reliability, after subsequent innovations increase functionality beyond a certain 
point. Christensen suggests that after product functionality and reliability 
requirements are satisfied, firms become more willing to customize product designs to 
meet customers’ specific requirements, such as convenience. Abernathy and Clark 
(1985) propose that the product becomes a commodity, and progress occurs through 
price reductions after the technology has progressed up the S curve sufficiently on 
functionality, reliability, and convenience. The occurrence of such generic dimensions 
can be important in guiding firms on the path of evolution and in the direction of the 
next competitive attack. However, in contrast to expectations about the dimensions of 
technological competition, our results suggest a sequence of random, unpredictable 
secondary dimensions in each of the four categories (see Table 5). Each platform 
technology offered a completely new secondary dimension of competition while 
competing on the primary dimension. For example, consider four successive 
technologies in monitors: CRT, LCD, plasma, and OLED. The CRT monitor was 
initially introduced on the basis of resolution. Each subsequent technology was 
inferior in resolution at the time of introduction but introduced a new important 
secondary dimension: resolution, compactness, screen size, and efficacy.” 
 
Explaining learning curves, the final research question of the review, is even more 
difficult to answer. Literature hardly provides specific information on explanation and 
research findings are quite different on core aspects of innovation. For instance, 
economic innovation literature takes Schumpeter’s thesis on creative destruction as 
point of departure, but there is no agreement who and what explains the innovative 
dynamics. Is it the new entrants challenging the incumbent or is it the incumbent itself 
with its extensive resources to absorb the risks of innovation? (See Scherer, 1992 for 
an overview of the discussion). Or differently formulated: is competition or monopoly 
conditional to innovation. On this core issue scholars do not agree. Our review of the 
four sectors shows that the answer to this question to a large degree depends on the 
type of sector and the technological potential to innovate.  
 
In telecom for instance the incumbent and newcomers changed leading positions in 
innovation in the last decades. In medical technology, automotive and printers and 
copiers innovation is dominated by incumbents. In all four sectors the interaction and 
collaboration between the incumbent and the newcomer and the incumbent and the 
supplier gains importance. Complexity increases in every new generation of 
technology forcing innovative companies collaborating with the best of all experts in 
specific domains. In this way companies are developing their own alliances of 
innovation by recruiting the best experts from all over the world. Energy is lacking 
this kind of interaction between the incumbent and the newcomer for the benefit of 
innovative products and services.  
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6.3 Lessons for energy innovation 
 
Our review did not result in hard evidence for any specific suggestion to accelerate 
innovation and technological learning in energy. The suggestions formulated in this 
section therefore, are tentative and still rather speculative. They are based on what is 
going on in the four sectors. Innovation in these sectors is quite intensive and for that 
reason the sectors could inspire energy innovation. At the same time the many 
differences between the four sectors and energy in terms of structure, organisation and 
functioning should be accounted for and certainly complicates copying good habits, 
routines and practices to the energy sector.  We have structured our lessons in line 
with the structuring of the comparative findings, meaning that we discuss the 
suggestions under the label of “market”, “R&D” and “regulation”. But we start with 
one general lesson on learning curves.  
 
One of the hard findings of the review is that quantitative learning curve research 
reported in publicly accessible academic journals and periodicals is almost completely 
restricted to the energy sector. At the same time the innovateness in the energy sector 
is rather low, at least compared to the four sectors of our review. An obvious lesson is 
to find out why learning curve research is so popular in energy and why it seemingly 
has so little impact on innovation in the sector? Is the learning curve approach an 
adequate tool for enhancing energy innovation? Is it focusing on the right 
determinants of innovation in the energy sector? Answering these questions appears 
relevant for finding new adequate entrance points for energy innovation. The findings 
of the review show that it is rather difficult to conceive technology and technological 
progress so well defined and narrow as assumed by the quantitative learning curve 
approach. In all for sectors the system boundaries of technology and technological 
innovation are far less clearly definable.   
 
 
6.3.1 Energy market 
 

1. The review showed a global market scale in three of the four sectors on 
technology application which sharply contrasts with the national and 
transnational scale of the application of production technology in the energy 
market. Energy innovation definitely needs a larger market to balance costs and 
risks of applying innovative energy technology and to intensify the economic 
incentives of innovation. Only the market for new energy technology (wind, 
hydro turbines and PV) is global, but the user market of the technology is still 
national. Enlargement of the market scale from the national to the European is a 
necessary and at the same time very difficult step due to the political barriers. 
But energy innovation definitely could benefit from enlargement of market scale. 
A really harmonized pan European electricity market enlarges room for the 
emergence of variety in technology, products and services and facilitates 
entrepreneurs and emergence of innovative market niches. National and 
transnational markets are too small for that.15  

                                                
15 A specific push for a pan European green market could be an active political support of the voluntary 
green market of European energy companies cooperating in RECS international.  
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2. Next to enlargement of market scale, energy innovation needs real technological 
alternatives for the grid and pipeline based energy supply. Energy is lacking a 
“wireless” network technology that could offer real product and service 
alternatives to the consumer. Distributed generation and private networks could 
be such an alternative technology, but the market definitely will come with 
feasible alternatives when there are no barriers anymore in this respect. So 
minimizing barriers for alternative technological energy supply concepts is 
another lesson from the review.  
The same holds for digital technology. On this topic too the review showed large 
differences between the four sectors and energy. Digitalisation and 
miniaturization opened new directions in product and service development in 
each of the four sectors, but in energy the innovative offspring of digitalisation is 
still missing. Facilitation of entrepreneurship in combination with settlement of 
barriers could push the entrance of digital technology in energy provision.  

3. The third market focused lesson is strongly related to both previous ones and is 
strengthening of the dynamic efficiency perspective in energy supply. The 
review showed a balance between static and dynamic efficiency in all four 
sectors. Each of the sectors has its own balance between static and dynamic 
efficiency, but both are important parts of the sector performance. In energy the 
balance seems to lay in static efficiency. The static efficiency perspective is 
actually at the core of national and European liberalisation policy and energy 
market regulation too. In the static efficiency perspective innovation is too much 
part of a bureaucratic process of tariff regulation whereas it should be part of 
corporate strategy. The lesson here is to strengthen the dynamic efficiency 
perspective in energy market performance, for instance by formulating a clear 
and consistent long term green ambition that really challenges the market.16 
Analyzing the impact of the energy sector regulator on dynamic efficiency is 
another suggestion in this respect.    

4. The review showed quite some differences in market dynamics, competition and 
consumer choice between the four sectors and energy. The sector comparison 
places market dynamics and competition in the energy sector in perspective. 
Periodic benchmarking of competition in the energy market and other markets 
might contribute to a better understanding of the functioning of the energy 
market and its regulation and their impact on energy innovation. 

  
 
6.3.2 R&D 

 
On R&D the review highlighted differences between the four sectors and energy on 
all R&D dimension listed in figure 6.1 above and holds a few lessons for energy 
innovation.  
 

5. It showed that clear expectations regarding form and function of technology are 
present in at least three of the four sectors. Expectations act as guidance of 
innovation. In energy similar expectations are missing or only negatively present 
as abstract hazard and sorrow of mankind. Energy innovation could benefit from 
more specific expectations on the future of the energy provision. It might be 

                                                
16 The German ambition and support of renewable based electricity production might serve as example. 
The Germans formulated a clear long term ambition and spend huge amounts of money for it paid as 
surcharge of current prices.  
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useful specifying expectations according to the segmentation of the energy 
market (households and industrial consumers). It also might help to involve 
creative types of expertise (designers, artists) in stead of only analytical and 
technical expertise. The involvement of user groups (energy consumers) might 
also help. The review showed that this involvement is important in some sectors 
(medical). In particular young people are an interesting group. They not only 
might have new ideas, but they also are more open to experimentation and 
innovation. The lesson here is to formulate expectations positively and specified 
for market segments.  

6. In the four sectors the large incumbent firm is at the heart of the R&D alliance. 
The firm manages and controls the activities in the alliance for the best 
innovation. The result is then brought to the market by the incumbent itself. In 
the energy market the technology developer (wind turbine producer) instead of 
the incumbent energy company is at the heart of the R&D alliance. The lesson 
here is initiating R&D alliances inside the energy system with the incumbent 
energy company at the heart of it. This also could widen the scope of energy 
innovation from production to supply, new products and services.  

7. Related to the previous point is the role of spin offs in innovation. In medical 
technology spin offs play an important role in R&D were the incumbent 
develops good relations with the spin offs. When the spin off turns out to be 
good and usable, the incumbents buys the company and its product. So the 
relationship between the spin off and the incumbent is cooperative and mutually 
reinforcing. In energy cooperation between an innovative spin off and the 
incumbent is missing or considered competitive.     

 
 
6.3.3 Regulation 
 

8. In particular the automotive sector showed the strong innovation incentive of 
technology forcing regulation. Energy innovation could benefit from this in two 
ways: by strengthening emission standards for fossil based energy production 
and by exposing the energy market to a formalized ambition in the greening of 
energy supply. The lesson from the automotive sector is that the scale of 
implementation of these measures should be European at the minimum. A 
linkage with the European emissions trading scheme, in combination with an EU 
wide quota system for green energy might be considered as ways to proceed 
along the regulatory dimension.   
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Appendix 1 Literature Search 
 
The literature search can be divided in two phases. The initial phase was aimed at 
identifying scientific and non-scientific sources that tell about recent innovations in 
the four selected industries and that provide quantitative data on the innovations, 
including their learning curves. Once it was learned, however, that quantitative data 
on recent innovations in the selected industries in general, and their learning curves in 
particular, was hardly available; an alternative strategy was introduced, which marked 
the beginning of the second phase. The second phase was aimed at finding scientific 
sources that identify determinants of innovation at a more general level. 
  
Recent Innovations and their Learning Curves 
 
During the first phase of the literature search, a strategy was used that was aimed at 
identifying recent innovations in the four selected industries and at obtaining 
quantitative data on these innovations, including adoption, diffusion or market 
penetration rates, and preferably their learning curves. The strategy was build upon 
the use of two internet search engines. That is, the Google Scholar engine was used in 
order to identify scientific literature, while the regular Google engine was used for 
identifying any source of information. The strategy used during the first phase of the 
literature search is graphically represented in Figure 3. 
 

 
Figure 3. Initial Research Strategy 
 
Figure 3 shows that, at the start, an initial set of keywords was constructed. Trivial 
words like “innovation” and “new products” were combined with sector specific 
words, including “transport” and “telecom”. The keywords were the input for 
following Google search processes, which subsequently yielded a large number of 
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potentially interesting sources. These intermediate results were manually assessed and 
the most promising results were added to the set of final results. 
 
Having performed one iteration, the initial set of keywords was improved. Words like 
“experience curve”, “learning curve”, “diffusion”, “adoption”, “market penetration” 
were combined with specific innovations, like “MRI”, “mobile telephony”, “clean 
diesel”, etc. The following searches yielded a new set of potentially interesting 
results. These intermediate results were again assessed, after which the best were 
added to the set of final results. Another iteration was subsequently started, after 
which the procedure was repeated again. As such, the search process was constantly 
refined. 
 
The procedure described above was supplemented by an additional process. That is, 
bibliographies of some promising results were examined, which yielded another set of 
potentially interesting sources. These sources were also assessed and the most 
relevant were added to the final results. 
 
Although the research strategy described above yielded many results, little literature 
was found that actually provided detailed quantitative data on the adoption and 
diffusion of particular innovations, let alone, that showed learning curves for recent 
innovations. For that reason, an alternative research strategy was introduced, which 
was aimed at identifying more general literature exploring determinants of innovation. 
This marked the beginning of the second phase. 
 
Determinants of Innovation 
 
As indicated, the second phase was thus aimed at finding sources that show what 
factors affect innovation. Most relevant in that light is literature providing quantitative 
empirical data that tests these factors, preferably from the four selected industries. 
 
While the first strategy was built upon the use of search engines, the alternative 
strategy was based upon scanning recent volumes of scientific journals. The strategy 
is represented in Figure 4. 
 

 
Figure 4. Alternative Research Strategy 
 
The procedure started with the identification of a set of quantitative economic 
journals. Next, titles of articles from the most recent volumes of these journals were 
assessed, which yielded a range of potentially relevant papers. Abstracts were 

Set of 
Journals 

Potentially 
relevant articles 

Assess 
recent titles 

Final results 

Reconsider set 
of journals 

Read 
abstracts and 

assess 



 78 

subsequently examined and the most promising articles were added to the set of final 
results. Experience gained during the whole process was used in order to adapt the set 
of journals to be examined. That is, by having learned which journals yielded the most 
relevant results, other journals could be added to the set of journals to be studied. 
Table 1 shows an overview of the journals that have been scanned in the end. 
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Table 1. Overview of Scanned Journals 
Journal Scanned Volumes 
De Economist March 2000 to June 2006 

Energy Economics January 2000 to July 2006 

ESB (Economisch-Statistische Berichten) January 2002 to June 2005 (and an 
additionally, less focused, January 
2000 to January 2002) 

European Journal of Political Economy March 2000 to September 2006 

Health January 2000 to July 2006 

Health Affairs January 2000 to July 2006 

Health Economics January 20005  to August 2006 

Health Policy January 2005 to August 2006 

Holland Management Review 2000 tot 2005 

Industrial and corporate change January 2000 to June 2006 

Innovation: the European journal of social 
sciences 

January 2000 to March 2006 

Innovations: Technology | Governance | 
Globalization 

Winter 2006 to Spring 2006 

International journal of industrial organization January 2000 to September 2006 

International journal of innovation 
management 

January 2000 to September 2006 

Journal of Economic Dynamics and Control January 2000 to September 2006 

Journal of Economic History March 2005 to June 2006 

Journal of Economic Issues January 2000 to September 2006 

Journal of Economic Literature January 2000 to June 2006 

Journal of Economic Perspectives Winter 2000 to Summer 2006 

Journal of Economic Theory January 2000 to July 2006 

Journal of evolutionary economics January 2000 to  August 2006 

Journal of Product Innovation Management January 2000 to July 2006 

NAKE Nieuws April 2000 to September 2006 

Quarterly Journal of Economics Number 1 2000 to Number 2 2006 

R&D Management January 2000 to June 2006 

RAND Journal of economics Spring 2000 to Spring 2006 

Research Policy January 2000 to July 2006 

Review of Industrial Organisation January 2000 to May 2006 



 80 

Strategic Management Journal January 2000 to September 2006 

Technology Analysis and Strategic 
Management 

January 2000 to September 2006 

Technovation January 2000  to October 2006 

The Academy of Management Journal January 2000 to June 2006 

The Academy of Management Review January 2000 to July 2006 
 
As could be expected, the strategy used during the second phase yielded many 
scientific articles. Although it was not the aim of the scan, hardly any additional 
sources were found that show learning curves for innovations in the four selected 
industries, however. 
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Appendix 2 Interviewed persons 
 
Telecom:  
Dr. ir. Wolter Lemstra Delft University of Technical 
 
 
Automotive: 
Ing. T.N.M. Pas, Director Product & Services Planning, Daf Trucks NV, Eindhoven 
 
 
Medical Technology 
Prof. dr. W. van Rossum, Scientific director Institute for Governance Studies, 
University of Twente 
Prof. dr. A. Hofman, Chairman of the Department of Epidemiology and Biostatistics, 
Erasmus Medical Center, Rotterdam. 
Dr. S. Deckers, sr Director Alliance Management, Philips Medical Systems 
 
 
Printers and Copiers:  
Wim Orbons Senior Vice President Research & Development, Océ Venlo  
Joop Pouls, Project Management Research and Development Océ Venlo 
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