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1 Background

Since the early 1990s, the mobile telecommunications market has
grown rapidly. Between 1995-2008 the number of mobile subscribers
drastically increased from 90 million to 4 billion (Figure 1.1). Hardly
anyone could estimate beforehand how rapid the diffusion of mobile te-
lephony would be.

Figure 1.1 Worldwide mobile cellular subscribers (millions)
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Nokia succeeded in utilising a booming telecommunication business.
During 1995-1999 the company grew fast internally without major acqui-
sitions. Nokia outsourced more and more its operations but it also in-
creased its own production and R&D capacity'. As a result, Nokia hired
thousands of employees in Finland but the focus became gradually more
international (Figure 1.2). Since the late 1980s, the structure of Nokia has
changed drastically. Nokia has focused on telecommunications and di-

"It should be noted that in this book, we consider Nokia as group-level (including
NSN)
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vested all of its previous core competence businesses. From a conglom-
erate with a high number of differenct business lines Nokia has trans-
formed into a pure telecommunications company.

Figure 1.2. Nokia’s growth in terms of net sales and employment
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During the 1990s, the ICT cluster was by far the fastest growing in-
dustrial sector and Nokia the fastest growing major company in Finland.
But Nokia’s operations were reflected in other companies.

The rapid growth of Nokia in the 1990s raises the question of the sig-
nificance of a single company in a national economy. Moreover, in the
beginning of the 21%t century, Europe and the U.S. have witnessed a
massive transfer of manufacturing activities to developing countries.
China in particular has become a global centre for electronics manufac-
turing activities which has also been reflected in the Finnish ICT cluster.
This book also sheds light on the recent offshoring development of the
Finnish ICT sector and its impact on the Finnish economy.
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2 An overview of the main results

The second section of this book, written by [yrki Al-Yrkkd, focuses
on the role of Nokia in the Finnish economy using traditional meas-
ures such as the share of GDP (Gross Domestic Product) and contri-
bution to GDP growth. Table 2.1 summarises Nokia’s role using these
and other measures.

Table 2.1. Summary of Nokia’s role in the Finnish economy

Nokia
Share of GDP 2.6% in 2008 (1.6% in 2009)
Contribution to GDP growth -0.12 percentage points in 2008
(-0.99 percentage points in 2009)
Share of total employment 0.9% in 2008
Share of manufacturing employment 5.5% in 2008
Share of total R&D exp. (GERD) 36.9% in 2008
Share of business sector R&D exp. (BERD) 49.7% in 2008
Share of patents (EPO patent applications) 43% in 2006
Share of corporate taxes 9% in 2008
Share of manufacturing value added 11.5 % in 2008

Notes: GERD - Gross domestic expenditure on R&D, BERD - Business Enter-
prise Research and Development, EPO - European Patent Office

No doubt, Nokia is still the most important single company in the

Finnish national economy. Notwithstanding Nokia’s share of GDP has
declined, in 2008 Nokia accounted for as much as 2.6% of GDP.

Over the past few decades, the share of research and development ex-
penditure of GDP has grown strongly in Finland. In 2008, the share of
R&D expenditure was as much as 3.4 %. Nokia has had a significant role
in this development. According to the latest figure, Nokia accounts for
approximately one third of the total Finnish R&D expenditure. If
Nokia’s share were taken out of the figures, in 2008 Finland’s R&D
spending would be about 2.4 % of GDP exceeding even then the aver-
age EU level.
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In the third section, Timo Seppdli considers the transformation of
Nokia’s Finnish supplier network between 2000 and 2008. During that
period, the demand for Nokia’s mobile phones increased rapidly. While
in 2000 Nokia delivered less than 130 million phones, in 2008 the annual
volume had grown to 470 million phones. The product portfolio also
expanded from mono blocks to a wider assortment covering clam shells,
sliders and swivels as well.

The above-mentioned changes among the supplier strategy of Nokia
led to the transformation of supplier networks. Before 2004, Finnish
manufacturing suppliers operated rather individually meaning that they
had a direct contact with Nokia. Thus, Nokia’s Tier 1 level of supplier
networks was very large. In response to the growing demand for phones,
the biggest Finnish suppliers internationalised either by acquisitions or by
investing in greenfield plants. However, some Finnish suppliers such as
Protopaja and Laukamo decided not to invest abroad. During those
years the field, however, started to change as Foxconn (from Taiwan)
and Jabil Circuit (from the U.S) expanded their operations to new busi-
ness segments. Later on, when Foxconn’s position had significantly
strengthened, Nokia started to search for competitors for Foxconn and
as a result the Chinese BYD entered Nokia’s supplier networks.

The strategy of these entrants differed considerably from their Finnish
competitors. The Finns continued with their horizontal strategy by fo-
cusing on their existing core competences while the strategy of the new
entrants was based on the vertical model which meant that they provided
a wide range of functions from design, tooling and component manufac-
turing to final assembly and testing.

Step by step, Finnish manufacturing suppliers lost their positions to
competitors. Some of these firms were acquired by Asian companies that
sought new technological competences and/or new customers. For ex-
ample, Eimo was acquired by Taiwanese Foxconn and Perlos was ac-
quired by another Taiwanese firm called LiteOn. Furthermore, Aspo-
comp sold the majority of its operations to Meadville (from Hong
Kong). On the other hand, some Finnish suppliers such as Protopaja,
Savcor and Salcomp have succeeded in preserving their independence.
However, in Finland their Nokia-related operations have contracted con-
siderably. More than 99% of Salcomp’s personnel is located overseas



(mainly in China and India) and Savcor’s Nokia-related business is also
heavily concentrated in these low-cost countries, particularly in China.

One of the main findings of the article is an observation that the com-
petition in the electronics component and EMS (electronic manufactur-
ing services) industry has changed drastically. In the late 1990s and still in
2000, the industry suffered from a lack of manufacturing resources and
consequently the suppliers’ major challenge was their ability to invest in
new capacity. Today, the major challenge is fierce cost competition
which, in turn, has led to massive offshoring of manufacturing functions
to low-cost countries. This relates to another important finding of the ar-
ticle: the manufacturing knowledge of complex electronic products such
as mobile phones has metamorphosed from ‘high tech’ into commodity.
Instead of a rare ‘raw-material’, high tech products’ manufacturing can
be described as ‘bulk’. Thus, there is a great number of companies in
both developed and developing countries with sufficient or even excel-
lent manufacturing know-how.

In Section 4, Twuomo Nikulainen and Mika Pajarinen focus on the domi-
nance of top R&D performer companies in the technological landscape
of a selected sample of smaller European open economies. Instead of
R&D expenditure, the dominant role of top R&D performers and their
technological specialisation is approximated through patents.

The results of the article show that Nokia is very dominant in the pat-
enting activities of Finland. During 2000-2006, Nokia’s share of all Fin-
nish patent applications from the EPO (European Patent Office) was as
high as 48%. The share has decreased slightly, because in 2006 the corre-
sponding share dropped to around 43%. In the Netherlands, Philips ac-
counted for 36% (in 20006), and in Sweden, Ericsson accounted for 27%
of all EPO patent applications. These shares suggest that there are also
other small economies with dominant companies in technology devel-
opment. On the other hand, when comparing the shares of patenting ac-
tivity to the technological specialisation, interesting results emerge. Even
though Philips is dominant in its national context, it represents a broad
set of technologies. Ericsson is less dominant in Sweden, but is more fo-
cused on a limited set of technologies. Nokia instead is very dominant in
Finland and is very specialised in a limited number of technologies.

For policymakers these results can be seen as somewhat alarming. For
the future development and economic prosperity, it is necessary to have
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more than one stronghold. Therefore, policymakers should actively pur-
sue and facilitate the broadening of Finland’s technological landscape. In
particular, this conclusion is further supported when taking into account
the recent downward developments in the traditional strongholds of the
Finnish export industry, such as paper and pulp.

In Section 5, [yrki Ali-Yrkkd analyses the global value chain of mobile
phones by considering a single product: Nokia N95. The N95 can be
considered as an example of a commercially successful phone model
with a number of technological novelties.

The breakdown of the N95’s value added provides three main find-
ings. First, the brand-owner Nokia creates approximately half of the total
value (sales price to consumer). The N95 includes a few expensive com-
ponents such as integrated circuits, 5 megapixel camera and display but
even then the total cost of more than 600 components account for less
than one third of N95’s total value. The distribution channels including
both the wholesale sector or distributors, and retail account for ap-
proximately 15%.

Second, pure production or manufacturing function contributes only a
minor share of the entire value of a high tech product such as a mobile
phone. In the N95 case, the final assembly of the phone costs approxi-
mately EUR 11.5 accounting for only 2.1% of the total value added and
4.3% of the valued added generated by Nokia. This implies that the final
assembly of a high tech electronics product is in fact very low tech be-

cause the manufacturing function generates only a small amount of value
added.

Third, our case demonstrates how global a single electronics product
can be. Finland, South Korea, Japan, the U.S, the UK, Germany and
China, among many other countries, have contributed to the total value
added of the N95. However, approximately 35% of the total value added
is created domestically if the country of final sale is abroad. If the hand-
set is sold in Finland (the value added of distributor and retail are attrib-
uted to Finland), then even 50% of the total value is created domesti-
cally.

More than ten years ago, we (Ali-Yrkko et. al. 1999) concluded that
“In this phase of the ICT revolution it is service producers and content providers

who are taking the lead”” During the past ten years, the digital conver-



gence of media, information technologies and communications has
proceeded but at a slower pace than expected. In any case, the trend
towards services and content is clear and Nokia has also taken several
steps in order to follow this trend. Since 2000, Nokia has acquired
several companies related to services. The acquisitions include com-
panies such as Loudeye (the provider of digital music platforms),
Twango (media sharing solutions), Enpocket (the provider of tech-
nology and services for mobile advertising), to name just a few. More-
over, Nokia made its history’s biggest (in value terms) acquisition in
spring 2008 when it acquired Navteq, the provider of map data plat-
forms. Nokia has integrated its individual Internet services under the
Ovi brand. Due to the convergence development in the ICT sector,
Nokia has faced new competitors such as Google, Apple and Tele At-
las. Rather than physical products, the core competences of these
competitors are related to services pushing also Nokia to metamor-
phose into a company providing more services and content.

Currently the market position of Nokia is completely different than
in the early 1990s. Fifteen years ago Nokia was the challenger and
companies such as Motorola, Siemens and Ericsson were the market
leaders in the telecommunication business. But today, Nokia is the
market leader in mobile phones and all the other firms challenge
Nokia with new products, design, applications and software platforms.
Competing platforms include for instance Android, Blackberry OS
and iPhone OS. Recently, Nokia has reacted to this competition by
announcing that it will merge its Linux-based operating system
Maemo with Intel’s Moblin software platform.

Even if Nokia succeeds in this new market situation, it is unlikely
that its role in the Finnish economy would be restored to the level it
was in the late 1990s and 2000. While ten years ago the shortage of
skilled labour accelerated the international expansion of Nokia and its
Finnish suppliers, currently the key drivers of overseas investment are
low cost country offshoring and the market potential of large develop-
ing countries. While Nokia hardly grows in Finland, the company still
has a very significant role in the Finnish national economy.
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Jyrki Ali-Yrkko
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1 Introduction

1.1 The impact of Nokia on GDP and productivity

During the latter half of the 1990s, the Finnish economy enjoyed
exceptionally rapid growth rates. Average GDP growth exceeded
4.5%, a rate well above the average growth in most of the other
OECD countries. This can be partly explained by the country’s recov-
ery from the deep recession that it underwent in the early 1990s. An-
other key factor is the growth of demand for handsets and telecom-
munications network equipment, which led Nokia to expand consid-
erably.

Figure 1.1. Nokia as a share of exports and GDP, %
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Note: including NSN. Sources: Authot’s own calculations (Sources: Nokia Corpo-
ration, Statistics Finland, National Board of Customs)2

2 . .
The calculations are partly based on Nokia’s own report of the value of exports,

which does not fully correspond to the official statistics.
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Nokia has had a significant impact on the Finnish gross domestic
product (GDP) for more than 15 years. In 1995, Nokia’s share of the
Finnish GDP was only 1 percent, but five years later, in 2000, the
share had quadrupled to as much as 4 percent (Figure 1.1). During the
period from 2001 to 2007, the share varied between 2.9 and 3.8 per-
cent, but due to the economic crisis, Nokia’s value added generated in
Finland dropped in 2008-2009, and the company’s share of the Fin-
nish GDP decreased to approximately 1.6 percent (in 2009)°.

It should be kept in mind that notwithstanding Nokia’s engagement
in a great deal of collaboration and subcontracting, the above-
mentioned figures do not take into account multiplier effects.

Not surprisingly, the development of Nokia’s share of Finnish total
exports has been similar to the development of the GDP share. The
share of exports rose rapidly during the late 1990s, but in the early
2000s, the share declined because the exports from other industries
grew more rapidly. Nokia’s exports include both tangible goods and
non-tangible services.

Changes in GDP further emphasise Nokia’s impact. Thanks to the
increased value added of Nokia, the company has contributed signifi-
cantly to total GDP growth (Figure 1.2).

In 2000, Nokia’s contribution — that is, its effect on GDP growth —
was almost 2.5 percentage points when total GDP growth was 5 per-
cent'. Consequently, Nokia was responsible for almost half of the total
GDP growth in 2000. Conversely, in 2001, the Finnish GDP growth
slowed to 2.6 percent, and Nokia’s contribution to this growth was

} Working from our previous calculations reported in Ali-Yrkké et. al. (2000) we
have updated our estimation method. To calculate the impact of Nokia on Finnish
GDP, we proceeded as follows. First, we estimated the value added of Nokia’s ac-
tivities in Finland. The starting point of this estimation was the financial state-
ments of the parent company. However, we adjusted the reported figures of the
parent company in years when the original figures included exceptional gains due
to group restructuring (for instance, in 2007, the operating profit includes a non-
taxable gain of EUR 1.88 billion related to the formation of Nokia Siemens Net-
works). Second, Nokia’s share of GDP was calculated by dividing Nokia’s Finnish

value added (in current prices) by the Finnish GDP (in current prices).
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close to zero. During the period 2005-2007, Nokia’s contribution to
GDP growth rose again, but due to the global recession, it turned
clearly negative in 2008-20009.

Figure 1.2. Contributions of Nokia and the electronics industry to
Finnish GDP growth, %-points
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Author’s own calculations (Data sources: Nokia Oyj, Statistics Finland)

In addition to GDP share and GDP growth, Nokia has significantly
impacted productivity growth in the Finnish manufacturing sector
(Figure 1.3). In the late 1990s, fast productivity growth pushed the
productivity level of Finnish manufacturing above the U.S level
(Maliranta 2009).
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Figure 1.3. Labour productivity (value added by employee) of
Nokia’s Finnish units and Finnish manufacturing, %-changes
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Note: The productivity of Nokia’s Finnish units (including NSN) was calculated by
deflating Nokia’s value added in Finland by the producer price index (2000=100)
for DL 322 (Manufacture of television and radio transmitters and apparatus for line
telephony and line telegraph). After deflation, we divided the deflated value added
by the number of Nokia’s employees in Finland. Correspondingly, the productivity
of total manufacturing was calculated by deflating the value added associated with
the manufacturing sector by the producer price index (2000=100), after which we
divided this deflated value added by the total number of employees working in the
manufacturing sector.

Source: Author’s own calculations (Sources: Nokia Corporation, Statistics Finland)

According to aggregate figures, labour productivity in the Finnish
manufacturing sector has grown rapidly. During 1992-1999, the an-
nual growth rate was some 7 per cent, and in the early 2000s, the pace
was virtually the same. Nokia has contributed significantly to these
figures, with the productivity of Nokia growing, on average, 19 per-
cent annually over the 2000s.

Once we have removed Nokia from the aggregate manufacturing
figures, we find that productivity grew, on average, 6 percent annually
in the 1990s. In 2001-2008, the corresponding figure (for the manu-
facturing sector excluding Nokia) was 4 percent on average.
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BOX.1. Nokia — A manufacturing company?

In official statistics — for example, by Statistics Finland or Eurostat — Nokia is classi-
fied as a company operating in the manufacturing industry. However, a remarkable share
of manufacturing firms’ operations is often related to other functions than the pure pro-
duction of goods. Gunnar Eliasson observed as early as the late 1980s that in practice,
different kinds of in-house services account for the majority of labour costs of manufac-
turing firms (Eliasson et. al. 1986, 1990).

To consider this issue, we classify Nokia’s total employment into three categories:
production employees, R&D employees and employees working on other tasks. As seen
in the following figure, the minority of Nokia’s employees works directly in production. In
the parent company (Nokia without NSN and Navteq), roughly 40 percent of employees
are working directly on production, while in NSN, the corresponding share is only 3 per-
cent (Nokia Form 20-F 2008). While NSN has a significant number of employees in de-
livery execution, logistics, global procurement and other tasks related to manufacturing,
the great majority of employees are working on R&D, sales and marketing, and other
service types of tasks.

Outsourcing could be a potential explanation for the low share of production em-
ployees. Although in principle, this explanation could be valid, the real figures do not
support this view. In 2008, Nokia outsourced approximately 17% of its manufacturing
volume of mobile phone engines, while Nokia Siemens Networks outsourced approxi-
mately 20% of its production (Nokia Form 20-F 2008). In March 2009, Nokia announced
that as a response to recession, the company had holded using subcontractors in the
manufacturing of mobile phone engines. Earlier, Nokia had used assembly subcontract-
ing mainly to balance variation in capacity utilization rates. When the demand for phones
decreased in the autumn of 2008, no external manufacturing capacity was needed
(Helsingin Sanomat, March 26, 2009).

Box Fig 1. The Employment of Nokia and NSN by tasks (2008) globally and in Finland
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1.2 Nokia and the public sector

Nokia’s growth and success have substantially impacted the tax
revenues of Finland, but the company has also received R&D grants.
Next, we examine in detail the flow of funds between Nokia and the
public sector.

Period 1995-2000

During the 1995-2000 period, Nokia paid corporate taxes in
Finland that totalled EUR 2.7 billion (in 2000 prices)*. Furthermore,
based on calculations by Ali-Yrkkoé & Hermans (2002), Nokia’s em-
ployees paid income taxes worth EUR 1.4 billion over the years 1995-
2000 in addition to taxes on management options worth EUR 1.2 bil-
lion. Over the same time period, Nokia paid EUR 1.2 billion in social
security payments for its employees. Altogether, the corporate taxes,
income taxes, taxes on management options, and social security pay-
ments for the employees exceeded EUR 6.5 billion (in 2000 prices)
over the years 1995-2000. In the same period, R&D grants from Te-
kes to Nokia totalled slightly below EUR 80 million (in 2000 prices).

Period 2001-2008

R&D grants from Tekes (The Finnish Funding Agency for Tech-
nology and Innovation) to Nokia totalled EUR 96.5 million (in 2000
prices) over the years 2001-2008. In the same period, Nokia’s employ-
ees paid income taxes worth EUR 2.8 billion. Moreover, Nokia paid
EUR 2.0 billion in social security payments for its employees and
EUR 6.13 billion in corporate taxes (in 2000 prices).

In 2003, Nokia accounted for 23% of total corporate tax revenue
(Figure 1.4).

* See Figure 1.4 and its notes.
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Figure 1.4. Nokia’s annual share of corporate taxes, %
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Author’s own calculations (Data sources: Nokia Oyj, Finnish Tax Administration
and Statistics Finland).

Note: For 1999-2008, the data source for corporate taxes paid by Nokia is the Fin-
nish Tax Administration. For 1992-1998, we have used the tax expenses (Finland)
reported in Nokia’s annual reports’. However, we have corrected these figures by
assuming that the real corporate tax revenues received by Finnish tax authorities
are 91% of those reported figures. This percentage is based on the fact that during
1999-2003, the average share of real corporate tax revenues of reported tax ex-
penses for Nokia was 91%.

After 2003, Nokia’s share varied between 15% and 21%, but in
2008 the share dropped to 9%, back to the 1997-1998 level. Based on
our preliminary estimate, in 2009 the share dropped to 2.5%. In addi-
tion to the adverse impact on the state budget, on the local level the
effect was potentially even more severe. The extreme example is that
of Salo (a rather small town located in the Southwestern part of
Finland), where Nokia’s mobile phone manufacturing plant and a
large R&D site are located. In 2008, approximately 90 percent of cor-
porate tax revenues received by Salo came from Nokia. However, it

> It should be noted that the country-level corporate tax expenses indicated in an-
nual report are not of exactly the same amount as that of corporate tax revenue

received by the country.
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should be noted that corporate tax revenues account for about one
tifth of Salo’s total budget.

Altogether, the corporate taxes, income taxes, taxes on management
options, and social security payments for employees exceeded EUR
12.1 billion (in 2000 prices) over the years 2001-2008. In current
prices, this equals EUR 12.7 billion.
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Box. Nokia in China

Nokia has operated for more than 20 years in China. In 1985, Nokia established its
first representative office in Beijing. Ten years later, Nokia set up its first manufacturing
unit in China, originally serving a mainly local market.

After three years (in 1998), the company was ready to take the next step: to start
R&D activities in China. The Nokia Research Center Beijing was established to do long -
erm research projects with highly educated staff: 30% of staff hold Ph.D degrees and
60% masters degrees (Hariharan 2005). In 1999, the Beijing Product Creation Center
was set up. Initially, the purpose of the site was to expand Nokia’s capability to localise
and develop mobile phones for the Chinese market and other Asian markets, but later, its
role expanded to other countries, too. For instance, Nokia phone models like 2100 and
6108 were developed by the Beijing Product Creation Center (Nokia press release May
21, 2004).

In 2008, Nokia’s operations in China included two network manufacturing facilities,
two mobile phone manufacturing facilities and six R&D units. China had become the
most important single country to Nokia, accounting for nearly 12 % its total net sales and
employing more than 14.500 employees. Nokia’s plants in China manufacturer products
not only for local customers but also for overseas markets. This global role has become
more important during the past years that can be seen in exports statistics (see Figure).
The total exports of Nokia’s Chinese units exceeded EUR 6.2 billion in 2007 while four
years before (in 2003) the corresponding figure was only EUR 1.7 billion.

Nokia's capital expenditure in

700 -~ . . . Personnel in Nokia's NSN
China and Finland, EUR. mill. 1200 ~ Hangzhou R&D site
600
1000
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800
400 -
300 L 600
200 400
100 - 200
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Source: Nokia, annual reports
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Sources: NSN, Vodde & Yi (2006)
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Continued
Nokia in China
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Nokia's R&D operations in China have grown rapidly. A good example is the deve-
lopment of Nokia’'s R&D center in Hangzhou established in January 2002. Originally the
site was established to develop software for 3G telecommunications systems. Not
withstanding that Chinese software developers were rather inexperienced1, Nokia suc-
ceed to ramp up the site and after the first years Nokia recruited hundreds of R&D em-
ployees in Hangzhou. In March, 2009, more than 1,000 R&D employees worked at No-

kia’s Hangzhou site.
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2 Nokia and the Finnish innovation environ-
ment

This chapter examines Nokia’s role in the Finnish innovation sys-
tem. The term “innovation system” refers to the operations and inter-
action of universities, research institutions, other public sector organi-
sations, and private businesses, which together influence the creation,
diffusion, and utilisation of novel know-how.

Nokia has a two-way role in the Finnish innovation system. On one
hand Nokia utilises resources from the innovation system. At the
same time, on the other hand, the company produces innovation re-
sources that diffuse outside the company.

In Finland, Nokia has benefited from innovation resources such as
the educational system, skilled labour, and Tekes’ research and devel-
opment (R&D) funding, to name a few. Similarly, Finland has reaped
benefits from Nokia. The latest knowledge in the field has been
passed onto universities through Nokia (Ali-Yrkké & Hermans 2002).
Know-how has also spread to Nokia’s company partners owing to its
networking policies. Nokia’s international research projects have also
gained in significance as a result of the company’s global mode of op-

erations.

2.1 Public funding of research and development

INTER-COUNTRY VARIATIONS IN R&D

In all industrialised countries, the public sector takes part in re-
search and development activities, with R&D activity seen as a signifi-
cant promoter of potential future economic growth. The role of the
public sector in R&D activities varies by country (Figures 2.1 and 2.2).
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Figure 2.1. Share of public finance of total R&D spending
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The results in Figure 2.1 show that during the past 15 years, the
share of public finance has decreased in general but that the share of
public funding of total R&D spending has varied considerably by
country and region. In 20006, on average, almost 35 percent of R&D
expenditures in the EU countries were financed by the public sector.
This is slightly more than in the OECD area on average, where the re-
spective figure for the same year was 28 percent. In Finland and in
Sweden, the share of public finance is even less. According to the lat-
est information available, the public sector funds less than a quarter of
R&D in Finland and Sweden.

The public sector finances both its own R&D activity (e.g., at uni-
versities and government-owned research institutions) and the private
sector research activity (Figure 2.2).

There are significant differences between countries and regions in
their share of public funding of private sector R&D. The comparison
is made more difficult by the fact that in some countries, the govern-
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ment funds a considerable portion of the private sector development
of military technologies. However, in the course of time, the results of
military technology development also spill over into the civil sector.
For instance, the predecessor of the global Internet was ARPANET,
developed by ARPA of the United States Department of Defense dur-
ing the Cold War.

Contrary to what we see in the previous comparison in Figure 2.1,
here the share of public finance (of private sector R&D) in the EU
countries is less than the OECD average. On average, companies in
the EU countries self-finance a larger share of their R&D than occurs
in the rest of the OECD countries.

A second important observation concerns the role of the public
sector in the United States. There, the public sector clearly finances
more of the private sector R&D than occurs in the rest of the coun-
tries. This is partly due to the public financing of the development of
military technology in the private sector. It may also be a signal that in
the United States, companies are encouraged to invest in higher-risk
R&D projects. However, the large share of public funding received by
the private sector is potential threat. It is possible that public funding
will begin crowd out private sector R&D funding. In fact, the empiri-
cal evidence based on statistical analyses with firm-level data gives
support to the view that crowding-out problems are more severe in
the U.S than in other countries (see the literature survey by David,
Hall & Toole 2000).
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Figure 2.2. Share of public finance of private sector R&D spending,
%.
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In Finland and Sweden, the public sector finances a significantly
smaller share of the private sector R&D than in the OECD and EU
countries on average. In Finland, only 3.8 percent of the private sector
R&D is financed by the public sector. If we exclude Nokia from the
figures, in 2007 the share of public sector funding of total private
R&D expenditure was roughly 6.5 percent®.

Both of the above comparisons clearly show that the private sector
has a more central role in research and development financing in
Finland than in many other countries. On one hand, this can be seen
as a strength of Finland’s and a signal that companies are willing to
invest in risky projects with their own financial resources.

% The share was calculated as follows: (The aggregate amount of public R&D fund-
ing received by firms — Total amount of Tekes funding received by Nokia)/(The
aggregate private sector R&D expenditure — Nokia’s R&D expenditure in Fin-
land)
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On the other hand, one may ask whether private sector R&D pro-
jects are directed towards R&D investments that are too short-term.
Projects financed by the public sector are often longer-term ventures
that are aimed at research or technology development rather than in-
cremental product development. The potential benefits from these
projects are only reaped over a long period of time.

PUBLIC R&D FUNDING AND NOKIA

Tekes (the Finnish Funding Agency for Technology and Innova-
tion) is an organisation under the Ministry of Employment and the
Economy, through which the government supports and funds tech-
nology development in Finland. In the 1990s, Tekes increasingly di-
rected its funding (grants and loans) towards companies in the indus-
try of information and communication technology. In 2008, approxi-
mately 16% of the funding by Tekes was targeted at the electronics
and electricity industry.

Nokia, too, has received public funding for its R&D activities. The
amount of Tekes financing received by the company has varied con-
siderably (Table 2.1). While in 1969 Nokia received EUR 34 000 (in
current prices) from the Technology Office of the Ministry of Trade
and Industry (Tekes’s predecessor before its founding), in 1999 the
figure was 18 million Euros in Tekes funding. In 2009, Nokia received
Tekes funding worth 9.6 million Euros.

In the 1970s, the proportion of Nokia’s total R&D expenditures
addressed through funding from the MTI Technology Office (Tekes’s
predecessor) was 7 percent on average. In the first two years of the
1980s, funding from Tekes gained a significant position in the financ-
ing of Nokia’s R&D. In 1980, over 25 percent of the company’s total
R&D was financed by Tekes, and in the following year, the share fell
to 15 percent. After these exceptional peak years, the share of Tekes’
funding of Nokia’s total R&D spending decreased significantly.

During the recession in the beginning of the 1990s, the importance
of Tekes’s funding grew again. With the support of public funding,
the Nokia Research Center managed to sustain the continuity of its re-
search activities even through the most difficult years of the economic
slump (Hiikié 2001, pg. 96). In the second half of the 1990s, the share
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of Tekes’s financing of Nokia’s total R&D expenditure was around
1.5 percent on average, while in the 2000s, the share decreased to 0.2-
0.4 percent of Nokia’s total R&D expenditure.

In the 1990s, most of the Tekes funding received by Nokia was di-
rected towards Nokia Research Center projects. In the years 1993-
2001, the share of the total Tekes financing for the whole Nokia
group received by the Research Center was 55 percent on average
(Hiikio 2001).

In summary, we can conclude that the amount of financing granted
to Nokia by Tekes increased in nominal terms in the 1990s. In the
2000s, the nominal figures for Tekes funding stayed at the same level
as in the 1990s, but the share of Nokia’s total R&D expenditure dras-
tically decreased. In 2009, the share of Tekes funding received by
Nokia was 0.16% of company’s total R&D expenditure (Table 2.1).
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Table 2.1 Nokia’s R&D activities and Tekes funding*

Nokia's R&D exp., Percent of total  Tekes funding, Percent of Nokia's
EUR mill. sales EUR. Mill. R&D exp.
1969 1.6 1.6% 0.03 2.1%
1970 1.9 1.6% 0.2 7.8%
1971 25 1.9% 0.1 5.3%
1972 34 2.3% 0.3 8.0%
1973 4.9 2.7% 0.4 8.5%
1974 6.3 2.3% 0.5 7.7%
1975 7.9 2.8% 0.4 5.1%
1976 9.2 3.1% 0.4 4.4%
1977 9.3 2.9% 0.8 9.0%
1978 9.9 2.3% 0.7 6.9%
1979 121 2.3% 0.7 5.6%
1980 16.0 2.1% 4.2 26.3%
1981 28.9 3.0% 4.2 14.5%
1982 35.7 3.3% 1.7 4.7%
1983 449 3.8% 29 6.4%
1984 59.7 3.8% 4.7 7.9%
1985 76.7 4.1% 1.3 1.8%
1986 90.7 4.5% 3.9 4.3%
1987 97.7 4.2% 4.4 4.5%
1988 133.7 3.6% 6.1 4.5%
1989 159.8 4.2% 3.0 1.9%
1990 195.8 5.3% 5.0 2.6%
1991 156.9 6.0% 7.9 5.0%
1992 187.2 6.1% 9.6 5.1%
1993 2476 6.2% 12.3 5.0%
1994 319.6 6.3% 10.8 3.4%
1995 4257 6.9% 10.9 2.6%
1996 591.0 8.9% 10.4 1.8%
1997 766.9 8.7% 124 1.6%
1998 1150.1 8.6% 13.3 1.2%
1999 1755.0 8.9% 18.2 1.0%
2000 2584.0 8.5% 7.9 0.3%
2001 2985.0 9.6% 11.8 0.4%
2002 3052.0 10.2% 10.3 0.3%
2003 3760.0 12.8% 141 0.4%
2004 3776.0 12.9% 12.7 0.3%
2005 3825.0 11.2% 13.0 0.3%
2006 3875.0 9.4% 14.8 0.4%
2007 5647.0 11.1% 12.8 0.2%
2008 5968.0 11.8% 12.8 0.2%
2009 5909.0 14.4% 9.6 0.16%

* Based on Tekes’ funding decisions. The data before 1983 is from the Ministry of
Trade and Industry Technology Office.
Author’s own calculations (sources: Nokia’s annual reports, Hiiki6é (2001), Tekes).
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During the 1980s and 1990s, the nominal amount of Tekes funding
for Nokia increased at the same time as the number of R&D projects
increased (figure 2.3).

Figure 2.3. Number of Tekes projects at Nokia annually.
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Source: Tekes, Hiiki6 (2001), updated by the author,
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In the 1970s, Nokia received Tekes funding for an average of 9 pro-
jects annually. During the following decade, the number of projects
receiving Tekes funding grew to nineteen on an annual basis. In the
1990s, the number of projects receiving Tekes funding continued to
grow, but in the 2000s, this trend turned downward. During the 2000s
on an annual basis, an average of 24 projects at Nokia received R&D
funding from Tekes.

Taking inflation into account, the average size of Tekes’ Nokia pro-
jects has not varied significantly. However, a number of extensive
projects were initiated during the 1970s — for example, laying the
foundation for GSM technology and developing I'T systems. The sec-
ond aberration in the size of projects emerged from the growth in size
that took place at the end of the 1990s. This was partly the result of
the TLX (Telecommunications — Creating a Global Village) and ETX
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(Electronics for the Information Society) research programmes initi-
ated by Tekes, in which Nokia had been involved. During the 2000s
the average amount of Tekes funding per Nokia project was approxi-
mately EUR 0.5 million (in 2000 prices).

Tekes finances only a part of the cost of companies’ research and
development projects (the so-called company projects of Tekes). Usu-
ally, most of the costs of company projects are financed by the com-
pany or group of companies. Figure 2.4 examines the share of Tekes
financing for all company projects and separately examines the share
for Nokia projects.

Tekes’s share of financing for company projects decreased during
the 1990s, but in the 2000s, the share again climbed slightly. In the
years 2000-2009, Tekes’s financing share of all its company projects
was 35 percent on average. Around 65 percent of the financing came
from other sources, mainly the companies themselves.

Figure 2.4. Share of Tekes financing for all company projects and
Nokia projects.
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The share of Tekes financing for Nokia projects has been smaller
than for company projects on average. In the 1990s Tekes financed 26
percent of Nokia projects on average, while the share of other financ-
ing, primarily Nokia’s own share, comprised about three fourths of
the project’s total costs. In 2008 and 2009, Tekes’s share of financing
for Nokia projects was 27 and 29 percent, respectively. It should be
noted that Tekes funds only a small minor of Nokia’s R&D project
portfolio; hence, the vast majority of R&D projects are funded inter-
nally.

FINLAND’S REPUTATION AS A HIGH-TECH COUNTRY

The share of research and development expenditure of the gross
domestic product has grown significantly in Finland over the past
decades. Since the beginning of the 1990s, relatively more research
and development have been conducted in Finland than in the EU on
average (figure 2.5).

In the latter half of the 1990s, Finland overtook the United States in
R&D intensity. At the end of the decade, it share of research and de-
velopment exceeded 3 percent of the gross domestic product, which
equals the level of R&D in Japan. Relatively speaking, Sweden is most
invested in research and development of all the countries in the study.
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Figure 2.5. R&D expenditures relative to GDP, %
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Author’s calculations (Data sources: OECD — Main science and technology indica-
tors, Nokia).

If Nokia’s share were taken out of the figures, Finland’s R&D
spending in 2008 would be about 2.4 percent of GDP. However, even
then, Finland’s R&D intensity would be significantly above the aver-
age EU level.

To analyse this issue in more detail, we consider how privately funded
R&D expenditures of firms have developed during the past few years
(Figure 2.6).
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Figure 2.6. Privately funded R&D expenditure performed by firms
(Eur, mill.), in current prices.
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Figure 2.6 reveals that other firms than Nokia have also increased
their R&D activity in Finland. In 2005-2007, Nokia’s R&D expendi-
ture (in Finland) grew at a slower pace than the R&D of the rest of
the private sector. Nokia’s R&D figures for the years 2007 and 2008
are not directly comparable; thus the growth, in that period is upward-
biased in Figure 2.6.

To summarise, we can conclude that more research and develop-
ment takes place in Finland than in the EU countries on average, in-
dependent of whether Nokia is taken into account or not.

Nokia’s R&D spending has increased significantly since the begin-
ning of the 1990s. Although the company has increased its research
and development abroad, R&D expenditures have also grown rapidly
in Finland. In 2008, the company’s R&D conducted in Finland was
approximately 49.5 percent of total business-sector R&D (BERD) and
37 petcent of the total R&D expenditure (GERD) in Finland’.

" GERD - Gross domestic expenditure on R&D, BERD - Business Enterprise Re-

search and Development
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The number of R&D personnel at Nokia has significantly increased
during the past fifteen years (Figure 2.7). While in 1993, Nokia em-
ployed globally a total of 4,100 R&D employees, in 2008 the figure
exceeded 39,300.

In 1997-2000 Nokia’s R&D employment outside Finland increased
rapidly when the company expanded its in-house R&D network via
both greenfield investments and acquisitions.

After that, the pace slowed significantly for several years, but be-
tween 2007-2008, the number of non-Finnish R&D employees
jumped to a new level as Nokia Networks and Siemens’s network di-
visions merged. Naturally, the R&D personnel from Siemens’s net-
work divisions were located mostly in other countries than Finland;
hence Nokia’s R&D personnel abroad (including those of Nokia Sie-
mens Networks) increased drastically.

Figure 2.7. The R&D personnel of Nokia in Finland and abroad
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Even though Nokia has established a global R&D site network
presence in Europe, the Americas and Asia, Finland has remained an

important R&D location for Nokia. Traditionally, a large share of
Nokia’s R&D employees have worked in Finland. In 2006 (before the
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merger of Nokia Networks and Siemens’s network divisions), more
than 60 percent of the total R&D workforce worked in Finland. This
kind of home country concentration is not rare among telecommuni-
cations equipment manufacturers. For instance, 60 percent of Erics-
son’s R&D activities are located in Sweden (Tekniikka & Talous
20006), and 60 percent of Motorola’s R&D workforce is in the U.S
(UNCTAD 2005). This tendency also holds in Asia. Although the
leading Chinese telecommunications equipment manufacturer, Huawei
Technologies, has established R&D sites in India, Russia, France, US
and Sweden, 85 percent of its R&D employees are still in China.
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3 Summary and conclusions

There is no doubt that Nokia is the most important single company
in the Finnish national economy. Since the early 1990s, the company
has contributed significantly to GDP and GDP growth, but annual
figures — particularly in terms of contribution to GDP growth — have
greatly varied. While Nokia’s direct impact on GDP growth reached
2.5 percentage points in 2000, it had turned clearly negative by 2008.
Notwithstanding the drop, Nokia still accounted for 2.6 percent of
Finnish GDP as of 2008.

Research and development expenditures in Finland relative to the
gross domestic product are among the highest in the world. In 2008,
R&D expenditures were 3.4 percent of GDP. Only in Sweden was the
share higher (3.6%). The high R&D intensity in Finland is largely
based on the private sector’s research and development investments.
Additionally, the public sector financing (R&D support) share of pri-
vate sector research activity is clearly smaller than in the comparison
countries. Nokia’s impact on Finland’s high R&D intensity is signifi-
cant. When Nokia’s R&D activity is deducted from the calculation,
Finland’s R&D expenditures relative to GDP are 2.4 percent for 2008.
However, it must be noted that even this share is well above the EU

average.

In the peak year, 2000, Nokia accounted for a full 4% of the Finnish
GDP, whereas currently, it accounts for about half of that. It is
unlikely that this share will be restored to its former level.
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lll. TRANSFORMATIONS OF NOKIA'’S FIN-
NISH SUPPLIER NETWORK FROM 2000 TO
2008
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1 Introduction

Yielding to the powers of a large player in an industry network can
be either exhilarating or devastating. That is to say, an enterprise in a
weak value chain position may enjoy the benefits of latching on to the
enabling vehicle or be thrown off the tracks if it does not act smart
and quickly enough. The stakes are raised when the game is not
merely with a single enterprise but instead with an entire industry.

The phenomenon of unequal power distribution in industry net-
works and relevant supply chains is well documented in the business
literature. For instance, there are global supplier networks formed
around powerful hub companies controlling key value chain activities
and resources (Achrol 1997). Similarly, there is business literature
about concentrated buyer power, where one customer represents a
major portion of industry revenues and growth. Even in well estab-
lished and stable industries, the effect of an imbalance of power can
cause major disturbances in a short period of time among the subor-
dinate supply chain players. (Fine 1998, Porter 2007).

The usual result for the feeble suppliers in a fast-changing business
environment is either that they are targeted for acquisition, lose their
business, or slowly (and often painfully) undergo a transformation
into a new market. The latter is often better served by entrepreneurial
enterprises. (Mintzberg 1994, Mintzberg et al. 1998, pp 123-147, 302-
347, Teece 1998).

Fine (1998) and Méller and Rajala (2007) point out that one way of
managing a supply chain strategy is to control the entire supply chain
and/or entire vertical demand-supply networks. This, however, can-
not occur for those in weak positions, especially when a supply chain
network relies on a single dominating enterprise for strategic and op-
erative decision-making and execution.

Understanding the success or failure of the organisations in such an
environment means considering the context of corporate decision-
making associated with the industry change and respective organisa-
tions over a certain period of time (Whittington 2006). This pattern of
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supply chain strategy decision-making and execution can be observed
from 2000 to 2008 in the Finnish electronics subcontracting network.

This particular industry experienced extraordinary growth at the
dawn of the new millennium. With the explosion of the global mobile
phone market (averaging 24 per cent growth year over year between
2000 and 2008%), the suppliers in the value chain inevitably encoun-
tered similar growth. This was especially the case for the electronics
subcontracting network, which was responsible for industrialising and
manufacturing electronic components, sub-assemblies and printed cir-
cuit boards. This subcontracting network closely aligned itself in strat-
egy and geographic proximity to its main customers, the mobile phone
companies.

Some recent papers have considered the industry, supplier chain
networks, enterprise agglomeration (Baldwin 2009, see also Krugman
1980, 1991) and global transformations of industries from one coun-
try to another (Blinder 2006) from the perspective of both macroeco-
nomic environment and strategic thinking and decision-making. Fine
(1998) elaborates on the value chain and supply chain changes in a
particular industry but does not go into detail regarding the relation-
ship between industry globalisation, regional agglomeration, supply
chain strategic thinking and strategic decision-making in different en-
terprises.

In this article, I extend the existing literature by analysing the stra-
tegic and operative behaviour of the Finnish electronics subcontract-
ing network for technology and service enterprises under the influ-
ence of industry globalisation and regional agglomeration and under a
strategically and operatively dominant player in the industry network.

Thus, I analyse the strategic and operative business behaviour of
the Finnish electronics subcontracting industry based on the perspec-
tive of three transformations that took place during the extraordinary
growth period of the mobile phone industry between 2000 and 2008.

In short, the first transformation is related to the globalisation of
the predominantly Finnish electronics subcontracting industry. The
second transformation (2004-2007) explains corporate strategic deci-

8 http://www.itu.int/newsroom/press_teleases /2008 /29.html
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sion-making as part of the forced supplier clusters and regional ag-
glomeration. Finally, the analysis of the third transformation scruti-
nises the status quo, providing insight into the next expected trans-
formation.

The qualitative analysis is based on 47 interviews with industry ex-
perts, current or former representatives of the case enterprises. The
interviews were conducted between November 2007 and November
20009.

The remainder of this paper continues as follows. The next section
introduces the global phenomenon of the mobile phone industry from
the customer business transformation perspective, paying particular
attention to the customer-supplier relationship between Nokia Corpo-
ration and the Finnish electronics subcontracting industry. The three
transformations of the global electronics subcontracting industry are
then discussed in detail, with the implications of those behavioural
patterns presented. The final section discusses the next possible trans-
formation and includes concluding remarks.
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2 Riding the wave into a mobile world: An
overview of the global mobile phone phe-
nomenon

2.1 Market changes and Nokia’s supply chain strategy

The demand for the mobile phone surged from 2000 to 2008 as
global penetration went from 12 to over 60 per cent in a short time
period. The most important changes were new emerging market areas,
higher product volumes, different product models, different product
form factors, higher product customisation levels and lower average
selling prices. Based on these changes, several mobile phone brands
quickly started to change their supply chains, moving towards an
original design and manufacturing business model. That transforma-
tion has continued to this day.

Most of the mobile phone brand owners decided to move ahead
with a strategy that minimised their own investments in variable and
fixed assets around 2002 — 2003. This caused a massive growth spurt
in the Finnish and western supplier network, but even they could not
keep up with the rising demand. By early 2003, the original supplier
network in the mobile phone industry was running out of capacity and
capital due to is own globalisation and customer portfolio manage-
ment efforts. A new strategy and new players were needed.

In the dawn of the emerging markets, Asia answered the call. Partly
due to a regional renewal network, Chinese and Taiwanese suppliers
were able to grab hold of the supplier network, assisting with the
revolutionary changes that were needed to minimise the technology
and service costs.
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NOKIA PRODUCT VOLUMES DURING 2000 — 2008

Nokia mobile phone sales were increasing year by year, especially in
emerging market areas. New strategic transformations initiatives were
needed. These strategic initiatives then helped Nokia to meet its in-
creasing volume requirements and the product needs of the market-
place.

Figure 2.1 Nokia’s handset volume in 2000-2008, millions of units
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The rapid growth of Nokia’s product volume as shown in the graph
above meant a great deal of investment in plants, machinery, compe-
tence and knowledge not only for the Finnish supplier network but
also for Nokia’s other suppliers’. The Finnish supplier network could
not have done it alone in the areas of technologies and services they
provided. It would have been catastrophic from the perspective of
Nokia volume production if Nokia had relied on just the Finnish sup-
plier network. The Finnish supplier network would also have run out
of capital.

’ In the early 2000s, the Finnish supplier network represented less then 20% of

Nokia’s total subcontracting.
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CHANGES IN NOKIA’S PRODUCT PORTFOLIO

Nokia’s product portfolio changed considerably from 2000 to 2008
(Figure 2.2). The mobile phone evolved from a large and heavy mono
block product portfolio to include clamshells, sliders and swivels as
well. These changes in the product portfolio and product form factors
influenced Nokia’s decisions in collaborating with its suppliers be-
tween 2000 and 2004 and when implementing its supplier network
strategy during 2004 — 2007; it also impacts the current situation.

Figure 2.2 Nokia’s product portfolio changes (adapted from Kaup-
palehti Optio 1.10.2009)
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The changes as described above are usually seen in the product
portfolio two years after the actual decisions are made by Nokia ex-
ecutives. For example, the Nokia reaction to the lack of products in
the product portfolio in 2000 resulted in an increase of almost 300%
in the number of products in the product portfolio for 2002. Another
example is the Nokia reaction to clamshell products in early 2003,
which resulted in the introduction of ten new clamshell products for
the 2004 Christmas market.
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Even though there were only ten new clamshell products added to
the Nokia product portfolio during 2004, with ten additional clamshell
products and seven slider products added a year later, in 2005, the
need for capacity in terms of both mechanics and assembly was al-
most four times greater than in 2003. Additionally, because Nokia did
not want to invest in mechanics and assembly capacity, additional
suppliers were needed to provide the capacity along with Finnish sup-
pliers.

THE EVOLUTION OF NOKIA’S SUPPLY CHAIN STRATEGY

The major changes in terms of product volume and product portfo-
lio resulted in a situation wherein the globalisation of Nokia's Finnish
supplier base started to evolve at the same time as Nokia strengthened
its local distribution networks due to increasing demand for its prod-
ucts in Europe, China, Asia Pacific and North America'’.

In the late 1990s, some Finnish suppliers decided to follow Nokia
and internationalise their manufacturing operations. At the same time,
Nokia began systematically increasing the number of Asian-based
suppliers in their portfolio to include more suppliers in Taiwan, China
and, later on, India; in this way, the company copied the trends, the
integration model and the way forward almost exclusively from the
computer and automotive industries and related value chain struc-
tures. Moreover, in the electronics industry the period after 2000 saw
an intensification of the movements towards low-cost locations.

The breakdown of the company’s evolution into three transforma-
tions is based on the Nokia business strategy and organisational
changes that occurred in three distinct periods: pre-2004, during 2004-
2007 and in the current context (Doz & Kosonen 2008). Because
Nokia’s supply chain strategy implementation in particular followed a
similar pattern, this article conceptualises the transformations as tak-
ing place in these three periods as well (Figure 2.3).

' Thus, Nokia had a number of non-Finnish subcontractors already in the late
1990s.
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Figure 2.3. Three transformations and Nokia’s supply chain strategy
from the Finnish suppliers’ perspective

Individual suppliers | Three multi-technology/| Four vertically integrated
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emerging technology
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2.2 Seduce and squeeze

Some customer-supplier relationships, where no intellectual prop-
erty rights are involved, can be conceived of as a game of “seduce and
squeeze”. The seduction occurs when the customer seduces suppliers
into investing in additional capacity or additional technologies, and the
squeeze occurs after suppliers have expanded their capacity and
learned new technologies, when the customer then tightens his belt in
a bid for lower prices and more flexible terms of their agreement in
practice (Figure 2.4).
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Figure 2.4. Customer—-supplier relationships in practice
A

Depth of
co-operation

Phase 5: Back to Subcontracting

Phase 4: Co-evolution in Restructuring

Phase 3: Back to Subcontracting

Phase 2: Co-evolution in Globalisation

Phase 1: Subcontracting in Manufacturing

[
»

1980 2000 2004 2007 Time

Seduce and squeeze behaviour often emerges in customer-supplier
relationships, and some Finnish and other Western suppliers feel that
this has happened in their relationships with Nokia.

Indeed, this pattern is seen as having emerged within such a short
interval that these suppliers were incapable of reacting successfully to
it. This became one of the major obstacles for Finnish suppliers as
they attempted to address global technology, service and manufactur-
ing capacity and provide the flexibility necessary for managing that
capacity.

2.3 The behavioural patterns of different supplier net-
works

Enterprises have reacted in different strategic and operative ways to
customer business and supply chain strategies as well as to the
changes in the marketplace and competition (Figure 2.5).

There are fundamental differences between Finnish suppliers and
Asian competitors in their approaches to implementing customer
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business and supply chain strategies. In the market situation de-
scribed, the Asian approach proved to be the most efficient.

Figure 2.5. The behavioural patterns of Finnish and Asian suppliers
during the three transformations
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It seems that the Finnish networks lacked a proper understanding
of the changing market needs. Due to changes in Nokia’s supplier
network strategy, changes in categorisation and changes driven by
Asian and other competitors, the Finnish network could no longer
predict Nokia’s business strategy as easily as they once could. This led
to uncertainty and difficulty in strategic and operative decision-making
at all levels of the organisations.
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3 Pre-2004 transformation

In 1999, Nokia appointed a new head of sourcing. He is currently a
Senior Vice President of Sourcing and Procurement at Nokia. His
background is in computers, where original design and manufacturing
(complete vertical integration) companies were the tier-one suppliers
in the value chain in most cases.

After the nomination of the new head of sourcing, Nokia quickly
began to adopt new modes of thinking and complete vertical integra-
tion. To enable this change, Nokia evolved from a purchasing organi-
sation to a sourcing organisation and further developed its new supply
chain management concepts. During that same period, Nokia also be-
gan to add Asian suppliers to its supplier portfolio.

Nokia's Finnish suppliers started to globalise their supply chains
and manufacturing operations, thus taking their first step towards be-
coming global players. This happened approximately two or three
years later for the Finnish suppliers than for their American competi-
tors because Asians were just entering the game.

“In 1999, Nokia took its first steps to internationalise their
plastics and manufacturing supplier network and the first
audit of Foxconn was made. Later on that same year Fox-
conn became an approved supplier.” (A former Nokia
Sourcing Manager)

In 2000-2002, Foxconn entered the Nokia business in the Asia Pa-
cific region through some mechanics'' programmes. Foxconn also
started manufacturing their first printed circuit board assemblies, and
through their success in these areas, they challenged the Finnish sup-
pliers and other suppliers in the Asia Pacific region.

Hon Hai's (later on, Foxconn’s) superior casing and mass produc-
tion capabilities were visible in Acer’s newly launched Aspire RC900
and RC500 series PCs. Acer assigned Hon Hai to be the sole supplier

""" Mechanics includes plastic (e.g. covers) and metal parts and their assembly.
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in March 2004 when the SARS outbreak began. Due to travel restric-
tions, Acer and Hon Hai were forced to communicate concerning de-
sign and specification matters through video conference calls instead
of personal meetings. Hon Hai still surprised Acer by taking only two
months from tooling to volume production to launch these products
in the early summer of the year (Lehman Brothers, 2003).

This swift action is why Nokia started using Foxconn increasingly
in its programmes. The other reason was that Foxconn had the capital
for the necessary technology, service and manufacturing investments.

3.1 Global services locally

While there was pressure to globalise manufacturing operations,
some suppliers refused to do so. Protopaja Oy, a small company based
in Naantali, Finland, is an excellent example.

6

okia asked us to globalise our operations. First they
asked us to come to Hungary and then to China. On both
occasions we said no. We wanted to continue operating
only in Naantali [a small town located in Western
Finland] ", said one of the employees of Protopaja.

Protopaja decided to stay in Finland for very natural reasons. This
was typical in the firm’s technology segment due to the high capital
costs of setting up new industrial and manufacturing operations. An-
other reason was Protopaja’s ability to react immediately to customer
needs, which would have been weakened in the multi-plant operation
context

“As our company name says our strategy has been making
prototypes. We were manufacturing component prototypes
for Nokia 3310 and suddenly we were investing in mass
manufacturing capabilities . (Employee of Protopaja)

Nokia 3310 is still one of the best-selling Nokia products world-
wide, with over 100 million units sold. This was how some Finnish
suppliers, like many others, accidentally entered the mass volume busi-
ness.
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3.2 Local services globally

The behavioural pattern that most of the Finnish suppliers followed
was that of internationalisation. These firms invested almost blindly in
the globalisation of their own industrialisation and manufacturing op-
erations.

From the customer perspective, the change could be described as
follows: it was the transformation from regional and centralised re-
search and development, product creation and supply chain networks
to a centralised research and development network and a decentralised
(global) product creation and supply chain network. In other words, in
the late 1990s, most of Nokia’s subcontracting decisions were made in
Finland, close to Nokia’s in-house research and development, product
creation and manufacturing. Later on, Nokia started to expand re-
search and development and product creation to other countries like
China. Outsourcing was a means of managing flexibility. The tech-
nique was basically only used in Europe initially but was later ex-
panded to Asia as well as to the Americas.

Usually when co-operation began between Nokia and its suppliers,
Nokia's message to suppliers was very clear, at least from the out-
sourcing perspective: Nokia outsources manufacturing for risk man-
agement purposes and for the sake of cost efficiency and flexibility.
Cost and flexibility were the most important in the beginning. In other
words, Nokia's manufacturing strategy and its primary aim was first to
run its own plant at full capacity, after which it would outsource what
its own plants could not handle, and this meant demand fluctuations
for suppliers. The strategy was the same throughout the years, and it
was repeated in every possible context. Nokia was and is outsourcing
just because of the flexibility.

Until the end of 2003, most sourcing decisions were made by
Nokia's regional sourcing organisations, and programmes were allo-
cated within particular geographical regions by the organisation in
each region. Thus, Europe-related product design programme and
manufacturing decisions were made in Finland, Asia-Pacific-related
decisions in Hong Kong and America-related decisions in Dallas. As
mentioned above, during the same period, Nokia introduced a more
powerful global sourcing organisation, starting first as a supplier busi-
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ness development organisation and evolving into a real global sourc-
ing organisation.

Nokia also introduced and started gaining cost benefits from the so-
called Nokia XingWang logistics concept, which could be called the
tirst-generation Nokia industrial park. Additionally, this period can be
considered the time when Nokia started to implement its supply chain
transformation, integrating global supply chain processes and tools
into a way to manage the entire value chain.

In the early 2000s, the mechanics technology segment was very
fragmented, and the business was divided among several different
companies. Table 3.1 below shows the largest suppliers in this market
segment per geographical region.

Table 3.1. Nokia’s mechanics supplier network during 2000 — 2002

Asia Americas Europe Brazil
Perlos Perlos Perlos Perlos
Foxconn Triple S Nypro Intesys-Metacal
Eimo Nypro Eimo
Nolato
Balda

As can be seen from Table 3.1, Nokia's global mechanics supplier
network was very fragmented, and there was room for improvement
from a risk management, cost efficiency and flexibility perspective.

The reason why Brazil is treated as a separate market area is that it
has its own set of regulations favouring local manufacturing instead of
imports. In that market, Intesys-Metacal was dominant in the mechan-
ics technology segment in Manaus in early 2000 prior to Perlos’s an-
nouncing its investments in 2002.

Table 3.2 describes the network providing printed circuit board as-
sembly services to Nokia during 2000-2004.
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Table 3.2. Nokia’s outsourcing® supplier network during 2000 -
2002

Asia Americas Europe Brazil
Elcoteq Elcoteq Elcoteq In-house
GKI

Foxconn

* Firms that provide printed circuit board assembly services.

As can be seen from Table 3.2, Nokia was in a very different situa-
tion with regard to printed circuit board assembly service outsourcing
than with its mechanics supplier networks. Later on, these networks
changed significantly. To defend its market position in the Asia-
Pacific region, Elcoteq acquired GKI from IBM. However, the com-
petition tightened when Taiwanese Foxconn entered this business
segment, after which Nokia used that firm as a price challenger in the
Asia-Pacific region. In the Americas and as well in Europe, in 2002,
Nokia introduced Jabil Circuit as a new supplier in all outsourcing ar-
eas.

“Jabil received its first orders from Nokia in the Americas
Region in 2002 and began to become a global Nokia Sup-
plier”. (A former Nokia Sourcing Manager)

Assembly, radio frequency card manufacturing and mobile phone
engine manufacturing started to play a more important role after the
Nokia volume increased and when Nokia did not increase its capacity
in its own plants. Volume increased in every geographical region, and
therefore, outsourced volumes became attractive to other players.
Thus, price competition began in all geographical regions.

Eimo wanted to become the third global plastics supplier for Nokia
alongside Perlos and Nypro. However, “There were too many things hap-
pening at Eimo in 2000, and we lacked experience,” said a former Eimo em-
ployee. In 2000, Eimo acquired facilities from another Finnish manu-
facturer, Ensto, and established manufacturing operations in Pecs
(Hungary), near Elcoteq’s operations. Later, that strategic decision was
considered catastrophic (Seppild, 2008, pp. 18-27). Eimo acquired
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competitor Triples S from the U.S. in the same year. Later on, Eimo
faced great difficulties in the integration process with Triple S.

“For the Finnish supplier network, year 2000 was already
too late to enter Asia. We should have done it a couple of
years earlier”. (A former Eimo employee)

Eimo’s competitor Perlos is basically the only Finnish supplier that
built most of its plants from scratch. This means that all its plants
around the world are similarly designed to support its core competen-
cies and knowledge. In 2001, however, Perlos decided to expand its
service and technology offerings by acquiring the Swedish-based an-
tenna company Moteco AB. Moteco AB was considered an entry-
point into the Ericsson Mobile Phone business, but unfortunately,
when Flextronics took over Ericsson Mobile Phone in 2002, the
Moteco AB investment became almost worthless, especially because
Nokia decided not to approve Perlos as its antenna supplier.

“Yes, we were delivering antennas to Nokia, but not di-
rectly, but always through an approved antenna supplier of
Nokia” [later on, Perlos was approved as an antenna sup-
plier]. (A former Petlos employee)

Another Finnish company, Savcor, succeeded better in its acquisi-
tions. Savcor acquired two niche technology companies: LK-
Engineering, a decorative etching company from Denmark, and a
flexible circuit antenna manufacturer from Sweden named Swedecal.
This helped Savcor to maximise its value added as a one-stop shop for
its customers. As a result of the Swedecal acquisition, Savcor intro-
duced antenna technologies to its mobile phone technology portfolio.
Later on, Savcor relocated the manufacturing operations of these
companies to China. In additions to these acquisitions, Savcor fol-
lowed Nokia by expanding to the same locations where Nokia’s in-
house plants were located. For instance, Savcor invested heavily in
greenfield operations by establishing units in Beijing, Fort Worth (the
U.S.), Manaus (Brazil) and Komarom (Hungary).

“We invested heavily, but after a couple of years we no-
ticed our technologies were replaced by other shielding
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technologies and we faced restructuring”. (A former
Savcor employee)

Unlike Perlos and Savcor, with their vertical technology strategy,
Elcoteq decided to implement a horizontal service strategy.

“It was in 2002 when Elcoteq made a strategic decision to
stay in the horizontal service model instead of the vertical
service model”. (A former Elcoteq employee)

At this point, it is clear that the firm’s decision to maintain the hori-
zontal model was unsuccessful. A potential reason for the decision

was the peer group analysis by Elcoteq.

“Elcoteq compared itself with the wrong peer-group while
deciding about its new strategy. They were following what
Flextronics, Solectron, Sanmina etc. were doing, not what
Foxconn and similar companies were doing”. (An analyst
monitoring telecommunications companies)

Based on the horizontal strategy, Elcoteq acquired most of its re-
search and development personnel from Benefon and established the
Elcoteq Design Center Oy in Salo.

“That was a wrong decision to start design operations in
Finland. We should have started either in China and/or
India”. (A former Elcoteq Design Center employee)
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3.3 Products globally

In 2003, Salcomp decided to close down its mobile phone charger
manufacturing operations in Kemijarvi and relocate its industrialisa-
tion and manufacturing operations from Finland to China. However,
it kept its platform design for mobile phone chargers in Finland.

To have a new technology platform designed in Western countries
but industrialisation and manufacturing operations in lower-cost loca-
tions has become the norm for most of Western electronics compa-
nies that exist today.



56

4 2004 — 2007 transformation

The transformation from a centralised research and development
network and regionalised supply chain network to a decentralised re-
search and development (R&D) network and a decentralised (global)
supply chain network meant that more and more R&D activities in the
mechanics technology segment were moved from Nokia to three dif-
ferent technology and service clusters: Foxconn, Jabil and Elcoteq.

During the same time and earlier, Nokia started to realise the im-
portance of customer variation and product customisation. The firm
made the strategic decision to concentrate on assembling to order in
its manufacturing sites, copying the Compal/Cisco supply chain and
logistics model. Cisco's model was called “a customisation for one”,
based on which Nokia's model could be called “mass customisation
for one”.

To be able to support its selected customer variation and product
customisation strategy, Nokia introduced a cluster strategy: that is, it
would be capable of supporting various part technologies and deliver-
ies and would be located close to Nokia’s manufacturing locations.

Also, after realising the above-mentioned changes, Nokia started
planning and implementing changes to their XingWang industrial park
supply chain and logistics model by introducing some second-tier
suppliers to the industrial parks. Later on, these same changes were
partly implemented at the Nokia Reynosa industry park in Mexico as
well as in Chennai, India and Cluj-Naboca, Romania.

However, there was also another reason to change supplier net-
works. “The behaviour among the Finnish suppliers, especially in geographical
region Europe, was the main reason why vertical integration became so popular
among Nokia Sourcing,” said a former employee of Nokia. In other
words, Europe became too expensive, and it was cheaper to manufac-
ture and transport parts from the Asia-Pacific region to Europe.

At the beginning of 2005, Nokia announced that it would invest in
an expansion of the Reynosa Plant, and this led to many changes in
the Americas. This investment also meant a number of changes for
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Nokia and for Nokia's supplier network in South Korea. Based on
that same Nokia decision, a year later, Foxconn entered the Nokia
supplier network in the Americas region by promising that it would
build a plant to Reynosa, which led to Elcoteq’s losing its Americas
business in 20006.

Nokia implemented the new global supply chain model, the demand
supply network strategy, by dividing its plant network into two basic
categories, a low mix/high volume category (volume) and a high
mix/low volume (value) category. Brazil and South Korea were
treated differently. This new global supply chain model implementa-
tion resulted, as an example, in the closing down of Elcoteq’s Nokia
operations in Tallinn at the end of 20006.

On the other hand, the Nokia Chennai logistics model can be called
a second-generation industrial park and demand supply chain man-
agement model. This new model meant that only vertically integrated
companies like Foxconn, Jabil Cluster (including Perlos) and, later on,
Chinese BYD were invited to join the Nokia Chennai Business Park
because they had the right vertical technology and service portfolio to
support the technologies required for the Nokia product portfolio. All
clusters were included in Chennai, making it the high volume plant
that it currently is. Before this change, the integrated mechanics and
printed circuit board assembly market was divided as follows (see also
Figure 2.3):

1. The Elcoteq cluster, later on the Nokia Cluster, including
Nypro and BYD;

2. The Jabil Cluster, including Perlos; and
3. The Foxconn Cluster

BYD was under development and basically at the same stage as
Foxconn had been at five years earlier. It was investing heavily in dif-
ferent technologies in hopes of becoming a genuinely vertically inte-
grated company. Because BYD was under development, Nokia was
forced to preserve some non-vertically integrated companies to sup-
port the BYD ramp-up.

Because of vertical integration, Jabil acquired Greenpoint in late
2000, leaving Elcoteq the only EMS (Electronics Manufacturing Set-
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vices) company without vertical integration in mechanics and some
other technologies and raising the question of whether a merger be-
tween Perlos and Elcoteq was a lost business opportunity.

Based on the changes in the marketplace and due to emerging verti-
cal integration in the Nokia supplier base, Nokia decided preliminarily
to ramp down its business with Elcoteq, one of the reasons being that
Elcoteq showed no interest in investing in vertical integration.

4.1 Commodity technology and service clusters

Foxconn got Eimo, Jabil got Greenpoint and Elcoteq got nothing.
Because not everything was not occurring as planned with Jabil and
Elcoteq, Nokia wanted to create a competitor that would serve as an
alternative to Foxconn.

“We had one target, we wanted to create a competitor for
Foxconn, another Foxconn”, said a former Nokia Sourcing
Manager.

From the beginning of this new relationship, BYD started making
significant investments in hopes of being able to serve Nokia in the
area of mechanics technologies and deliveries worldwide. BYD also
listed its operations on the Hong Kong Stock Exchange to obtain ad-
ditional financing so that it could comply with Nokia’s written and
verbal supplier requirements.

Because of BYD's willingness to invest, Nokia introduced BYD as a
second source for its product programmes, which were basically the
Foxconn programs. However, once BYD started to comply with
Nokia’s supplier requirements, they improved their performance so
much that they actually became the main source for some product
programmes. Later, the cooperation expanded to other technology ar-
eas and deliveries.

This was also when the Elcoteq cluster was renamed Nokia Cluster
because Nokia took over the management of the cluster from Elcoteq
and all of the Elcoteq cluster members were returned to Nokia's not-
mal supplier base.
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“BYD became another Foxconn in the end, but it took a lot
of effort” said a former Nokia Sourcing Manager

“Too much effort, because we did not succeed with some
technologies like mobile phone engine manufacturing” he
continued.

Perlos continued unhesitatingly to invest in its Nokia operations
because that was the only way to slow down Foxconn’s and BYD’s
success. The company continued to expand its manufacturing net-
work, remaining close to Nokia’s in-house manufacturing locations.
At the same time as it continued to invest in Nokia as a customer, the
firm struggled with acquiring new customers. Later on, this became
one of the key obstacles to the firm’s continuing alone.

“Perlos was in the brink of deciding to either restructure
their customer portfolio and keep Nokia happy, and at the
same time investing millions in new customer acquisitions,
or finding the right partner to support their vertical inte-
gration process.” said a consultant in the telecommunica-
tions industry.

Later on, following Foxconn’s acquisition of Eimo, Perlos was sold
to the Taiwanese firm LiteOn, providing LiteOn with immediate ac-
cess to Nokia’s business and volume. Following the acquisition of
Perlos, LiteOn became the fourth vertically integrated company (along
with Foxconn, BYD and Jabil) supporting Nokia's sourcing strategies.

The main reason for the acquisition of Perlos, as stated by LiteOn,
was Perlos's relationship with Nokia, which provided LiteOn with ac-
cess to Nokia. Other reasons included Perlos’s extensive knowledge

of plastics.

For Elcoteq, this was the start of a significant decline in revenue,

profitability and cash flow.

“Elcoteq’s decline started when we at Nokia could not
make Elcoteq move towards vertical integration and we
then decided to take over the Elcoteq cluster” said a former
Sourcing Manager from Nokia.
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“Because of our horizontal service strategy we started to
lose our manufacturing business... Every time we lost a
new project the feedback was the same: ‘because you are
not vertically integrated’ ” said a former Elcoteq employee.

For the first time, the possibility of establishing manufacturing op-
erations in Manaus also started to attract attention. A location in
Manaus, Brazil became the verbal supplier requirement because Nokia
wanted all clusters to have a presence in all locations. Thus, most of
Nokia’s first-tier suppliers invested in Manaus. However, Nokia later
withdrew the location requirement. The firm realised that there was
not enough business for every cluster.

Here is a list of some of the activities that took places in Manaus:

In 2004, Balda acquired Intesys-Metacal, together with Lumberg
Brasil, by establishing a 50-50 joint venture. Later, in 2008, Balda ac-
quired the entire stake in the joint venture company.

In 2004, Nypro decided to invest in Brazil because of the opportu-
nity it had missed in not buying Intesys-Metacal. Later on, Nypro de-
cided to withdraw from Manaus, and many other manufacturers made
the same decision.

In 2004, Elcoteq began operations in Manaus. In 20006, Elcoteq tri-
pled the size of its facilities.

4.2 Niche technology and service companies

Savcor’s niche technology strategy, concentrating on coating tech-
nologies, drove that firm into a predicament wherein new technolo-
gies were replacing its old technologies. However, Savcor emerged as
a winner with regard to the changing technologies and found new
business areas, such as camera modules and cosmetics, for its coating
technologies.

Building on its niche technology strategy in the mobile phone busi-
ness, the firm introduced another technology niche: decorating tech-
nologies.

Some other companies were not as successful when changes were
needed. Aspocomp (providing services for the design and manufac-
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ture of high-tech printed circuit boards), for instance, released a new
strategy in which it tried to change its company focus, but it did not
succeed.

“We warned them that their new strategy was very risky
and aggressive, but it seems that they did not listen to us”.
(A former Nokia Sourcing Manager)

The risks proved real, Aspocomp’s profitability began to fall and
the firm ran out of cash. This was one reason why the firm was forced
to sell its manufacturing operations so that Meadville (from Hong
Kong) acquired Aspocomp India, Aspocomp China and part of the
Salo operations.

On the other hand, what Nokia did globally was identical to what
Protopaja did locally in Naantali, Finland. Although Protopaja's busi-
ness with Nokia was growing, the former started sharing the growth
and risk with local suppliers because of the increasing mass volumes.

“They [Protopaja] had ten suppliers working for us under
the same roof sharing all the fixed costs. That was one of
the best decisions they made and in that way they contin-
ued to be competitive against the Asian competitors”, said
a former Nokia Sourcing Manager.
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5 Current status of the Finnish supplier net-
work

Eimo and Perlos have been taken over. Aspocomp has sold the ma-
jority of its operations. Laukamo and Elcoteq were left with no busi-
ness.

After the announcement that Foxconn was building a plant in Rey-
nosa, Mexico, it became quite obvious to Elcoteq that sooner or later,
it would lose its business in the Americas. Elcoteq did not change its
strategy for reasons that were not made public and did not become
vertically integrated — and it was apparent that there was no room in
the Nokia supplier portfolio for a company that was just manufactur-
ing mobile phone engines.

Protopaja, Salcomp and Savcor continue to be Nokia’s suppliers.
These three companies have demonstrated their capability to trans-
form strategically and operationally during the last ten years. One
might say that this is thanks to their entrepreneurial mindset at all lev-
els of the organisation.

Protopaja is returning to its original strategy of making prototypes
because there are only a couple of programmes still produced in mass
quantities. Thanks to what they have learned as a Nokia supplier, they
can also successfully attract new customers.

Salcomp invested in India and continues to be one of the market
leaders in its technological domain. However, today, all of its manu-
facturing operations are in low-cost countries, and the majority of its
R&D employees are located in China. Savcor continues to invest in
three mobile phone technology niches: coatings, antennas and decora-
tion technologies. However, its global manufacturing strategy for
these technologies has changed. While earlier, the firm was close to its
second-tier customers, it now basically offers one technology from
each of one or two locations: antennas from Beijing, coatings from
Guangzhou and Reynosa and decorations from Guangzhou and Ko-
marum.
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Savcor has succeeded in changing and has also found new business
opportunities for its existing mobile phone technology portfolio.

6 Conclusions and discussion

In this paper, I have examined the integration between the industry
market changes, how those changes are translated in supply chain
strategies by a strategically and operationally dominant player in the
industry network and how that dominant player has managed its elec-
tronics subcontracting network from 2000 to 2008.

Based on the study, there are three reasons why the Finnish elec-
tronics subcontracting network did not survive throughout these three
transformations:

All Finnish enterprises ran their own agendas from start to finish in
their business relationships with Nokia. They did not enter into real
discussions about their collaboration, and there were no private inves-
tors interested in financing these enterprises together and integrating
them.

In the end, none of the enterprises had enough financial capital on
their own to move ahead in adding additional technologies, services/
products into their portfolio, adding production capacity or making
the right kind of acquisitions.

None of the enterprises had a globally recognised brand to attract
new customers. Most of the Finnish suppliers were unknown in the
global marketplace. Additionally, having Nokia in their customer port-
folio and playing such an important role was seen as a large risk.

6.1 Structural changes within the global value chain

On the one hand, scale economies push towards complete industry
value chains or certain parts of a value chain in one location from
whence intermediate and final products are shipped to customers. On
the other hand, transportation costs and customer service commit-
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ments push towards locating value chains close to consumers. These
opposing forces drive decision-making within the different value
chains of different industries.

Industry value chain agglomeration or partial industry value chain
agglomeration usually increases speed, salience and clarity, reinforcing
and enabling firms and their supply chains in executing continual and
pervasive incremental operational improvements more efficiently and
in a more centralised fashion.

These two factors have operated as drivers behind the scenes when
the Finnish (European)-based subcontracting networks have trans-
formed into China-based subcontracting networks. This means that
most of the value added contributing to the Finnish economy and
most of the design, industrialisation, manufacturing and services pro-
vided by the Finnish electronics subcontracting network have been
transferred to China and to the different electronics industrial parks in
low-cost locations around the world.

6.2 Technology commoditisation

The idea that industries will become mature, business will become
saturated, and technologies, services and products will become com-
modities is a logic that can be followed throughout history.

In the Finnish electronics industry, where everything was ‘“high-
tech” in the late 1990s and early 2000s, many of these items have be-
come commodities. On the other hand, it can be said that Finnish
suppliers have been unable to renew and restructure their businesses
and that and their strategic and operative thinking has not kept up
with market requirements.

6.3 Knowledge spillovers between industries, enter-
prises and individuals

If a firm is to strategically transform and change, attracting talent
and experience from other industries and businesses is of the utmost
importance. This has been one of the key drivers of success for vari-



Nokia and Finland in a Sea of Change 65

ous Finnish companies, including Nokia, Nokia Siemens Networks,
UPM, Kone and Konecranes.

The mobility of top management between industry and business al-
lows enterprises to transform and position themselves according to
the requirements set by the other industries and competition. Thus,
management mobility is an important channel of knowledge spill-
overs.

Offshoring and outsourcing phenomena encourage the migration of
impersonal technology, service and manufacturing jobs to low-cost lo-
cations to minimise the cost of technology, service, and product own-
ership. However, jobs where personal or face-to-face contact is either
imperative or highly desirable remain in locations close to customers
and consumers. These opposing forces drive the decision-making in
society and business concerning where to locate jobs today and in the
future.

6.4 Discussion - Parting thoughts on Nokia’s next trans-
formation

In my opinion, this recession is a golden opportunity for Nokia to
restructure its supply chain and reselect its outsourcing subcontractors
as well as its overall supplier portfolio. I believe that Nokia will move
further toward an exclusively ODM (Original Design Manufacturer) -
oriented business model, meaning that some additional manufacturing
assets and machinery may be sold to newly selected outsourcing part-

ners.
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1 Introduction

The emergence of a new, large-scale industry often has a significant
impact on the technological landscape of a country. The impact in-
creases over time as an industry develops and grows, and eventually,
as the industry matures, its role in the national economy starts to di-
minish (Abernathy and Utterback 1978). Large-scale technological
progress is usually driven by a select number of large multinational
companies that have the resources and abilities to take advantage of
technological advances. In smaller economies, there are often only a
few such companies, or even just one, that may start to dominate the
technological landscape of the country over time. Eventually, this
dominance should diminish as the industry becomes more mature.
One reason for this change may be higher levels of specialisation
among the dominant innovators as markets become more defined and
increasingly competitive.

This paper will focus on large companies’ dominance in innovative
activities in selected smaller European countries. This approach
should illustrate whether Nokia’s dominant role in Finland is unique
among small, open economies'. In addition, this paper will discuss
the changes in technological specialisation that occur over different
stages of industry life cycles.

The dominant role of top R&D performers and their technological
specialisation will be examined through looking at patents and patent
statistics. These data provide a useful proxy for innovative output. As
the use of patent statistics has certain limitations, a brief discussion of
the uses and misuses of this type of data is included.

"2 The basic unit of analysis in this article is patent applications but instead of all
applications, only those patent applications from top R&D companies that were
assigned to the company’s home country were included in the study. As all com-
panies included in the analysis are multinational corporations, our focus is their

domestic activities and development trends.
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The scope of the current research is limited to a small number of
selected countries to provide an overview of the role of top R&D per-
formers, or ‘national champions’, in a domestic context. While this
scope can be seen as a limitation, it does allow for a more in-depth
analysis of underlying changes in the role of these companies’ in a na-
tional context.

The rest of the paper is structured as follows. Section 2 will briefly
discuss the use of patents in measuring innovative activities. Section 3
will focus on the role of top R&D performers in selected countries, il-
lustrating that the dominance of a single company is not a unique
phenomenon. Section 4 addresses changes in technological specialisa-
tion in the selected countries and among the top R&D performers.
Section 5 concludes with a brief discussion.

2 Patenting as a measure of innovative activi-
ties

Patent and associated intellectual property rights (IPRs) have be-
come ever more important in the last decades in an increasing number
of industries, not only because of their role in preventing imitation in
the globalizing economy but also as bargaining chips in technology
development through activities such as licensing and cross-licensing
of patents (OECD 2009). In some industries, IPRs are also the basis
for technological standards. Thus, the ownership of essential patents,
upon which standards are built, is important (Palmberg and Marti-
kainen 2004). Patents have a variety of different characteristics that re-
late to the efficiency of patent systems, such as the width and length
of patent rights; but the key question for this paper is whether patent
statistics, including both the number of patents as well as their tech-
nological classifications, provide a valid approximation of the innova-
tive activities of companies.

Patent statistics should be seen as an intermediate output measure
for innovative activities (Griliches 1990). R&D investments represent
input to the innovative processes within companies, whereas innova-
tions are products and processes successfully commercialised in mar-
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kets. Patents lie somewhere in between. They are not direct inputs for
the internal innovative processes of companies, nor are they innova-
tions that have been commercialised, although they may be someday.
Patents indicate a certain level of inventive activity within companies,
which is a preliminary stage for actual commercialisation. In fact, only
a small number of patents are commercially valuable and can be seen
as innovations (Harhoff et al. 1999).

The advantage of using patent statistics as an intermediate innova-
tion indicator is that they are readily available, with only a short lag
from the actual innovative activities within companies (Griliches
1990). They are also fairly objective, as they are screened by external
examiners in patent offices who determine whether or not the patent
application is valid. The main drawback of using patent statistics is
that they usually do not measure inventive activities related to process
innovations but, instead, mostly relate to product innovations. The
degree to which this is a problem depends on the industry in question.
In industries where components and equipment are related end prod-
ucts (for example, electronics), patents play a key role in protecting in-
tellectual property rights. In other industries, manufacturing processes
are more important, and they are better protected by means other than
patents, such as secrecy (Cohen et al. 2000). Another drawback of us-
ing patent statistics is that national patenting activity is partly a reflec-
tion of company's patenting strategy. As patent protection is national,
patents for companies operating in global markets are filed in coun-
tries with biggest sales (both for company itself and its competitors)
and also in countries, where the risk of patent litigation is the highest.

Even when taking into account the shortcomings of patent statis-
tics, it is evident that they are and will continue to be used widely as
indicators of innovative activity. Patents are used by policymakers,
analysts and other parties, such as OECD, for measuring technologi-
cal development and identifying national differences in technological
specialisation.
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3 The role of top innovators in selected Euro-
pean countries

The main focus of this paper is the role of top R&D performers in
selected countries. Through a comparison of patenting activities of
the top R&D performers, this paper aims to inquire whether it is typi-
cal for a single company to dominate innovative activities in individual
countries. To shed light on this issue, a comparison of patenting ac-
tivities in a sample of small, open economies in Europe is presented in
the following figure 4.1.

The top R&D company for each country was identified from the
2008 EU Industrial R&D Investment Scoreboard (European Commis-
sion 2008), and patenting data were extracted from the OECD PAT-
STAT database based on EPO (European Patent Office) applications
by filing date. The basic unit of analysis in this paper is patent applica-
tions, which were assigned to the country of interest if at least one
patent applicant was from that country. This method means that only
those patent applications from top R&D companies that were as-
signed to the company’s home country (not all of the company’s ap-
plications) were included in the study. As all companies included in
the analysis are multinational corporations, this focus allows us to
highlight their domestic activities and development trends.

The EPO patent application data are used instead of data from do-
mestic patent offices (for example USPTO - United States Patent and
Trademark Office) for two reasons: 1) application data allow for the
identification of a wider range of activity than granted patents and are
more readily available after 18 months from the filing of the applica-
tion, thus providing a more detailed account of the recent activities of
the top R&D companies; and 2) EPO patents may be more relevant
for European countries, such as the ones analysed here, and, due to
higher application costs, EPO patents may be of higher quality than
domestic patents (Moed et al. 2004). The drawback in using EPO ap-
plication data compared to, for example, U.S. patent data is that the
U.S. patent system allows for the patenting of software and even busi-
ness models, which would provide a wider range of patents (Hall and
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MacGarvie 2000). In the EPO, only technological patents are allowed.
At the same time, many scholars argue that the broad applicability of
the U.S. system has also deteriorated the use of patent statistics be-
cause the quality of these non-technical patents is highly debatable
(Hall et al. 2003). In addition, U.S. patent data does not provide a long
time-series of application data since it is available only from 2000 on-
wards.

The countries selected for the study were Austria, Denmark,
Finland, the Netherlands and Sweden, all of which possess somewhat
similar economic characteristics (e.g., population size, level of GDP
per capita, and welfare system) and industry structures (a mixture of
traditional and high-tech industries, with a prevailing shift from manu-
facturing to services). As shown in Table 4.1 and Table 4.2 below, the
companies and industries represented in the analysis are some-what
diverse, ranging from medium-tech areas, such as steel, to high-tech
areas, such as telecommunications.

Table 4.1. Top R&D performer by country

Country Top R&D per- Industry Industry description
former
Austria Voestalpine Steel Steel; special steel, and steel prod-

ucts for railway, cold-rolled tubes,

automotive industries

Denmark Novo Pharmaceuticals Pharmaceuticals related to diabetes
care, haemostasis management,
growth hormone therapy, hormone

replacement therapy

Finland Nokia Telecommunications Mobile phones, telecom networks

Netherlands Philips Electronics Electronics related to healthcare,

consumer lifestyle, lighting

Sweden LM Ericsson Telecommunications Mobile phones, telecom networks

Notes: Novo (Denmark) includes Novo Nordisk and Novozymes and their prede-
cessors; Philips (Netherlands) was selected instead of EADS because of stronger
historical ties to the country; and LM Ericsson (Sweden) includes Sony-Ericsson.
The source of company rankings: European Commission (2008). Industry descrip-
tions were adapted from companies’ annual reports.
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Table 4.2. Some key figures for the top R&D performers (2008)

Global
Employ- R&D Global R&D
Turn- Total ment in expendi- expenditure,
over, bill. employ- the home  ture, bill. % of

euro ment country euro turnover
Nokia 50.7 125,829 23,320 5.97 11.8%
Ericsson 21.7 78,740 20,155 3.49 16.1%
Philips 26.4 121,398 n/a 1.60 6.1%
Novo Nordisk 6.1 27,068 13,050 1.05 17.2%
Voestalpine 11.6 41,216 n/a 0.12 1.1%

Notes: Ericsson’s (Sweden) figures include a 50% share of Sony-Ericsson.

Source: Companies’ annual reports

From Table 4.2, it is evident that Nokia is by far the largest com-
pany when measured through turnover, employment and R&D ex-
penditures.

To illustrate the role of these companies in their home countries,
Figure 4.1 provides summary statistics for the period 2000-2006. The
top left figure indicates the total number of EPO applications for the
respective countries for the period in question. The top right figure
shows the number of patent applications without the top R&D com-
pany. The bottom figure provides the share of patents filed by the top
R&D performers per country.
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Figure 4.1. EPO applications - summary (2000-2006)
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Data source: OECD PATSTAT database, calculations by the authors.

Note: Only those patent applications from top firms that were filed within the
country in question have been included in that firm’s and country’s data.

The most enlightening figure in Figure 4.1 is the bottom one, which
indicates that Nokia is very dominant in Finland’s patenting activities.
In the Netherlands, Philips has almost as dominant a role, but it
should be noted that Philips operates in a broader set of technological
areas, whereas Nokia focuses mostly on a single technology area: tele-
communications (see Table 4.1). In Sweden, Ericsson has a lesser role,
with only a 28% share of all Swedish EPO applications. While it is a
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notable share, the technological landscape is broader in Sweden (for
example, in pharmaceuticals), as will be shown in following sections
of this paper. In Denmark, the top R&D performer - Novo group -
has a 12% share of applications. In Austria, Voestalpine has a small
share, with only 3% of all applications. The figures presented in Fig-
ure 4.1 are for the period 2000-2006. The following figures (Figures
4.2-4.6) display the developments over time, and trends in each of the
selected countries are analysed to highlight the evolution of patenting
activities and the role of the top R&D performers.

Figure 4.2. Nokia’s share of EPO patent applications in Finland
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Data source: OECD PATSTAT database, calculations by the authors.

As shown in Figure 4.2, the overall trend in Finnish patent applica-
tions peaked in the year 2001 after a period of rapid growth. The
number of applications rose more than fourfold from 1990 to 2001.
Since the peak, there has been a slowdown in patenting activities. This
is partially explained by the decrease of patenting by Nokia. Nokia’s
share of all Finnish patent applications rose from about 12% in 1990
to 55% in 2001, indicating a strong dominance in the domestic tech-
nological landscape.
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In the last several years, that share has dropped to around 45%. In-
terestingly, non-Nokia patenting has remained fairly stable since the
peak year of 2001, and the overall downward trend is largely due to
Nokia’s decreasing activity. The reason for this downward movement
in recent years may involve several factors, such as reorientation to
services at the expense of technology development, more active li-
censing from external sources, patenting activity becoming less do-
mestic or technological specialisation occurring due to maturing in-
dustry structures.

Figure 4.3. Ericsson’s share of EPO patent applications in Sweden
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Data source: OECD PATSTAT database, calculations by the authors.

Figure 4.3, above, indicates that patenting activity in Sweden has a
somewhat more steady growth trend than Finland, which may be par-
tially explained by Sweden’s more diversified technology landscape.
For Ericsson, 2000 is the peak year for its share of all Swedish patent
applications, during which it accounted for 34% of all activity. The
share grew very rapidly from 1990 to 2000, after which it has de-
creased slowly. Ericsson’s volume in patenting is fairly similar to
Nokia’s role in Finland, but it has always accounted for a smaller share
of applications than Nokia in Finland. Looking at the non-Ericsson
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applications, it is also evident that Swedish patenting activity has
grown steadily regardless of developments in telecommunications.

Figure 4.4. Philips’s share of EPO patent applications in the Neth-
erlands
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Data source: OECD PATSTAT database, calculations by the authors.

From Figure 4.2, one can see that the role of Philips in the Nether-
lands follows a fairly similar path to Nokia in Finland and Ericsson in
Sweden. The peak year for Philips’s share of applications was 2001,
which was preceded by a steady share for most of the 1990s and then
rapid growth in the late 1990s. Philips’s share then went into a slow
decline after 2001.

As in Finland, overall patenting activity in the Netherlands has
slowed down after the peak of 2001. Non-Philips patenting has re-
mained steady, and Philips’s share has declined. The reasons for this
development may be similar to those of Nokia in Finland.
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Figure 4.5. Novo’s share of EPO patent applications in Denmark
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Data source: OECD PATSTAT database, calculations by the authors.

Figure 4.5 illustrates the role of Novo in Danish patenting. Novo’s
share has been lower than in the countries discussed earlier and has
been within the range of 10-20% of all Danish patent applications.
Overall, patenting activity in Denmark seems to be fairly independent
of Novo’s role. This may relate to the industry in question, as the pre-
viously discussed companies represent industries where patenting
plays a more significant role than in pharmaceuticals. That being said,
patents are important in pharmaceuticals but do not play the critical
role in standard-settings and cross-licensing there that they do in the
telecommunications and electronics industries.
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Figure 4.6. Voestalpine’s share of EPO patent applications in Aus-
tria
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Data source: OECD PATSTAT database, calculations by the authors.

Figure 4.6 shows that in Austria, top R&D performer Voestalpine
only accounts for a marginal share of the country’s patenting activity.
One of the main reasons for this situation may be that the steel indus-
try is very process-orientated. Thus, IPRs are protected by other
means, as discussed earlier in this paper.

One of the key insights from the figures above is that peak patent-
ing activity in Finland, the Netherlands and Sweden occurred in the
years 2000 and 2001. Each country’s peak year is followed by a slow
decline in the number of applications, which, interestingly, coincides
with the decline of the shares of the top R&D performers. In Den-
mark and Austria, the patenting trend has been increasing steadily, and
the share of the top R&D performers seems to be fairly stable over
the years.

These different trends may reflect differences in the industries to
which the companies belong. In electronics (Philips) and telecommu-
nications (Nokia and Ericsson), changes in the division of labour
among different parts of the value chain may have had an impact on
patenting activity. It may be that the companies have become more
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technologically focused and have begun leaving some parts of tech-
nology development to their suppliers instead of developing all rele-
vant technologies in-house. This change would lead to higher speciali-
sation in the top R&D performers in these industries, where IPR de-
veloped by other parties is accessed through licensing and cross-
licensing. In pharmaceutical (Novo) and steel (Voestalpine) industries,
such a breakdown of the value chain may not have happened, and
thus, the level of patenting activity is more stable and technological
specialisation has remained similar over time. To shed more light on
the issue of technological specialisation, the next section will focus on
changes in the technological specialisation of the selected countries
and companies.

4 Technological specialisation

To assess technological specialisation, the same patent application
data is used in greater detail. Patent publications include a variety of
useful information. In the context of technology specialisation, the
most valuable information is the technological classification of the
patent. This information allows us to follow patenting trends in spe-
cific technologies.

The following analysis of technological specialisation focuses not
on the volume of activity in specific technological classes but on the
overall portfolios of the countries and the companies and the devel-
opment of these portfolios over time. For this reason, the analysis
uses an index that provides information on the concentration level of
patent application portfolios. The Herfindahl index is more com-
monly used in the context of estimating market concentration as
competition authorities to estimate the impact of mergers and acquisi-
tions on market dynamics. In this paper, the index is applied in a dif-
ferent context, in which it does provide information on the techno-
logical concentration of companies (i.e. technological specialisation)
similar to that which it provides on market concentration. The Her-
tindahl index is as follows:



83

N
2
H =Zsl. ,
i=1

where s is the number of patents in technology area 7 divided by the
total number of patents for each year. These are then summed up to
provide the technological specialisation index H. In the following sec-
tion, the level of technological specialisation is discussed on a fairly
detailed level, where applications are categorised into 30 different
classes (for more details on the classifications and categories see Ap-
pendix I). The technological specialisation index ranges from 0 to 1,
where a value of 0 indicates absolute non-specialisation and a value of
1 indicates absolute specialisation in a single technology. This index
number has been multiplied by 100 to make the differences between
various countries and companies more clear. To give an example, a
country or a company that is specialised in one technology with some
patents in other technologies will have a high value in the index, and a
country or a company with patents evenly distributed across different
technologies will have a low value in the index (Table 4.3).

Table 4.3. Technology specialisation indexes for 1991-1999 and 2000-

2006
Country Period Index - Index — Index —
country top company country without
top company
(average) (average) (average)
Finland 1991-1999 12.90 65.06 5.89
2000-2006 17.12 50.21 5.77
Sweden 1991-1999 6.44 51.71 5.40
2000-2006 9.88 58.60 5.76
Netherlands 1991-1999 4.79 13.80 5.10
2000-2006 5.71 14.83 5.13
Denmark 1991-1999 5.83 25.18 5.17
2000-2006 5.99 20.87 5.38
Austria 1991-1999 5.68 27.36 5.82
2000-2006 6.04 27.10 6.16

Data source: OECD PATSTAT database, calculations by the authors.

Looking first at the technological specialisation index on the coun-
try level, it is obvious that Finland is almost twice as specialised as
Sweden and almost three times more specialised than the other coun-
tries. All countries exhibit a growing trend towards more specialised
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patent profiles. The higher degree of specialisation in Finland is
largely explained by Nokia’s dominance, as shown by the last column
in Table 4.2, where the specialisation index without the top company
is presented. The results are strikingly similar across countries, sug-
gesting that without the countries’ top companies, their levels of spe-
cialisation are practically even.

In the second column of Table 4.3, a comparison of the technologi-
cal specialisation of the top R&D performers reveals that the compa-
nies have very different levels of specialisation. Nokia and Ericsson
are clearly more specialised compared to the other companies. This is
mostly explained by the characteristics of the industry, as the tele-
communications industry is not only very IPR-orientated but also
highly focused on specific technological areas, such as telecommunica-
tions, information technology and control and measurement technol-
ogy. The other companies represent a more diversified set of indus-
tries: electronics, pharmaceuticals and steel. For this reason, compar-
ing them to telecommunications is difficult. Philips operates, to some
extent, in the same areas as the two companies that specialise in tele-
communications, but it is active in a broader set of technologies, as it
manufactures a wider range of electrical equipment. This diversifica-
tion explains its low level of technological specialisation. Novo and
Voestalpine have moderate levels of specialisation, which can be seen
as typical for industries in which patenting plays a less significant role
when compared to the high-tech industries.

The trends in the technological specialisation of companies provide
further details. In the 2000s, Nokia began to diversify its technological
portfolio. This trend may be explained by its extensive standard-
setting activities in the 1990s and its shift in 2000s from pure technol-
ogy provider towards offering integrated services that are built heavily
on software in addition to hardware. Ericsson seems to have a some-
what different specialisation profile than Nokia, which has led to
higher specialisation in the 2000s. All the other companies have a
fairly stable level of specialisation, which may relate to the overall low
levels of specialisation in their industries.

One aspect that the technological specialisation index does not cap-
ture is the role of individual technologies. For this reason, Table 4.4
presents countries’ share of the top technology based on the total
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number of patent applications in each class (for the top three tech-

nologies, see Appendix II).
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Table 4.4 provides further insights into the technological specialisa-
tion of the countries and the top-performing R&D companies. On the
country level, telecommunications technologies play a dominant role
in Finland, Sweden and the Netherlands, whereas in Denmark, bio-
technology and related pharmaceuticals play an important role, and in
Austria, civil engineering-related patenting is most prevalent. These
results are, naturally, quite similar to those of the top R&D compa-
nies.

Nokia’s most important technology class, telecommunications, ac-
counts for around 70% of all its patent applications. For Ericsson, the
situation is fairly similar for the same technology (around 72%). Phil-
ips operates in a broader set of technologies, which is apparent in its
share of the most important class (around 26%). As discussed eatlier,
Novo and Voestalpine exhibit moderate levels of specialisation, which
is also evident from their moderate shares of their countries’ main
technologies.

The last column of Table 4.4 provides us with details on countries’
leading technologies without the top company. This shows that the
technological landscape of each country would be very different with-
out its top company. In Finland, thermal process-related patents
would be most important, relating mostly to the machinery industry in
Finland. In Sweden, medical technologies and pharmaceuticals would
be the main technologies. In the Netherlands, chemical engineering
and pharmaceuticals would prevail. In Denmark and Austria, civil en-
gineering and pharmaceuticals would be the most dominant technolo-
gies.
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5 Concluding discussion

The answer to the main research question of this article, “Is the inno-
vative dominance of Nokia in Finland unique in international comparison?”, is

less straightforward than one could assume a priori.

Looking at Nokia’s share of EPO patent applications, it is evident
that the company has played a very significant role in the technologi-
cal landscape of Finland, particularly since the mid-1990s. While that
share has declined in recent years, there is no doubt that Nokia will
continue to dominate patent statistics in the near future. In Sweden,
Ericsson has been less dominant, but this can be partially explained by
the broader technology base in Sweden. Philips has a level of domi-
nance in the Netherlands similar to that which Nokia has in Finland,
but since Philips is active in a broader set of technologies, its domi-
nance may be due to its multi-technology approach (compared to
Nokia’s fairly focused technological portfolio). In Denmark and Aus-
tria, the top R&D performers seem to be far less dominant, which is
partially explained by the industries they represent (pharmaceuticals
and steel).

To provide more insight into companies’ innovative dominance in
their respective countries, technological specialisation of the selected
countries and the top R&D companies were examined. The results
clearly show that Finland is the most specialised country of the se-
lected sample, largely due to Nokia’s dominant role. The individual
company results indicate that Nokia and Ericsson are highly special-
ised, whereas Philips is less specialised due to its broad technological
base. When comparing the share of patenting activity to the techno-
logical specialisation, interesting results emerge. Whereas Philips is
dominant in its national context, it represents a broad set of technolo-
gies. Ericsson, on the other hand, is less dominant in Sweden, but it is
more focused on a limited set of technologies. Nokia, by contrast, is
very dominant in Finland and quite specialised in a limited number of
technologies. This indicates that the technological landscape of
Finland is quite skewed.
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The findings from the analysis do not suggest that Nokia should di-
versify its patent portfolio or its technological profile. In fact, Nokia
has actively diversified its activities towards services and software, nei-
ther of which is captured by patent statistics. For policymakers, the
results of the analysis could be seen as somewhat alarming. For future
development and economic prosperity, it is necessary for a country to
have more the one stronghold. For this reason, policymakers should
actively pursue and facilitate the broadening of Finland’s technological
landscape. Especially when taking into account the recent downward
developments in the traditional strongholds of the Finnish export in-
dustry, such as paper and pulp, this conclusion appears stronger still.

This article provides insight into the role of top R&D companies in
selected European countries. In future research, taking into account
the global activities of the top R&D performers, not only to highlight
the degree of internationalisation but also to identify the technological
areas in which the internationalisation is most prevalent, would be a
useful and complementary approach. These developments may have
significant consequences for the future development of Finnish indus-
tries.
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V. THE VALUE CREATION OF MOBILE
PHONES - THE CASE OF NOKIA N95

Jyrki Ali-Yrkko
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1 Introduction

During the past few decades, industry value chains have expanded and
globalised. Products and services typically require a number of value-
creating activities and phases, performed by different companies and lo-
cated in different regions and countries. The manufacturing process of
final products typically consists of a number of phases, including com-
ponent manufacturing, sub-assemblies and final assembly. These phases
or steps have been dispersed to different companies and regions. Diver-
sification is not limited to manufacturing operations but also includes
R&D (research and development) activity and distribution channels.

Because GDP (Gross Domestic Product) can be measured as the sum
of the values added by all organisations in a national economyj, it is im-
portant to know where value added — gross output minus intermediate
consumption — is created.

In this article, we concretise the operations of global value chains by
taking a detailed look at a single product. We choose the Nokia N95
handset as our case example. The N95 was launched in September 2006
and can be described as Nokia’s flagship device with a number of tech-
nological innovations. The N95 started shipping in the first quarter of
2007, and by February 2008, more than 7 million units were sold (Nokia
press release, February 11, 2008). Therefore, the N95 can be considered
an example of a commercially successful model with a number of novel
technological features. In 2007, the retail price of the N95 without sales
tax was $749 (EUR 546.5) in the U.S". This price is the total value added
of the product, which has been created in different phases by a number
of companies located in various countries. This sales price equals the
sum of all phases of production, from the processing plants of raw mate-
rials to mobile phone retail shops that create value added to the N95.

Our main research question here is very simple: to whom do these
dollars ($749) gor In other words, the aim of this article is to analyse the
vertical value-creating phases of this product, from component manufac-

B To convert U.S. dollars to Euros, we have used the yearly (in 2007) average
USD/EUR exchange rate 1.3706.
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turers to brand owner and from brand owner finally to retail. Our aim is
to provide answers to the following questions: Firsz, how is the value of
the N95 distributed across organisations and participants? Second, how
does the total value added of the N95 spread to different coun-
tries/regions, and how much of it is created domestically? We strictly
adhere to the value added analysis of a single device without taking into
account additional services or applications that Nokia can sell to the
owners of this device. Moreover, we do not analyse the potential value
that has been created when Nokia’s other device models has included
software and other technologies originally developed for the N95.

The phone model N95 consists of approximately 600 physical com-
ponents, and its mechanical structure is quite complex, including its in-
novative double-slider design (Figure 1.1).

Figure 1.1 The mechanical structure of the Nokia N95
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1.1 Data and methods

Companies themselves do not provide information about pricing of
components or manufacturing costs, and the same holds for distribu-
tors and retailers. As this practice also applies to Nokia and the entire
value chain of mobile handsets, we use three different information
sources to estimate the distribution of value added created by differ-
ent participants and regions.

As a starting point, we use the ‘teardown’ report published by Portel-
ligent Inc. (Portelligent 2007) to analyse the component composition
of the Nokia N95'. This teardown report includes a detailed list of
components, their factory prices and suppliers.

To cross-examine and complete the teardown data, we use qualitative
and quantitative data based on interviews of 10 industry experts work-
ing (currently or previously) in different parts of the handset’s value
chain. Due to the sensitivity of our topic, we had to assure anonymity
to our interviewees. The interviews were conducted between January
2009 and October 2009.

Our third information source is financial reports and press releases
published by companies.

2 The global value chain of the N95

2.1 Value capturing by participants

A value chain consists of a chain of activities where each activity gives
the product or service more value added. The sum of the value added of
all activities equals the final price of the product or service. These activi-
ties and their value added are typically distributed to different companies
located in different regions and national economies. At every step, the

' The teardown report of Portelligent was acquired in September 2008.
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producer of the activity buys inputs, adds value, and sells outputs (or in-
termediate products) to the next producer.

The journey from raw material mines to the final consumer electronics
product that is delivered to the consumer is very long. There are typically
at least four to eight supplier layers between Nokia and mining activities
(Nokia 2009a). This stylised chain concerning the N95 is illustrated in
Figure 2.1.
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This kind of vertical supply chain is quite common in the consumer
electronics industry (see e.g., Linden, Kraemer and Dedrick 2007).

According to Portelligent Inc. (Portelligent 2007), the Nokia N95
phone consists of almost 600 components. The most important material
used in Nokia phone components is plastics (45%), with a further 35%
percent made from metals, 10% glass and ceramics, 9% battery elec-
trodes (graphite, lithium and cobalt) and 1% other materials (Nokia
2009b). Component suppliers deliver components mainly to sub-
assembler companies, but some components are delivered directly to
Nokia. Moreover, nowadays Nokia’s first-tier sub-assemblers such as
Foxconn, BYD and Jabil are no longer pure EMS (Electronic Manufac-
turing Services) companies but also manufacture components (see Chap-
ter 111 of this book).

In the N95 case, sub-assemblers deliver intermediate products to
Nokia’s manufacturing plants where in the first stage, Nokia itself under-
takes final assembly of the N95’s engine'”. Mobile phone engines include
both hardware and software that perform core functions, but engines
lack everything that varies from customer to customer. In the second
stage (assembly-to-order), the engines are given the final software and
outward appearance based on customers’ orders. In addition to appear-
ance, software also varies between customers, with different languages,
features and menus. Nokia has introduced this two-step manufacturing
process in response to customers’ willingness to differentiate themselves
from their competitors. Hence, phones they offer have customised soft-
ware and features built into the handset. A single phone model, such as
the N95 or the N96, can represent as many as 170 handset variations and
250 different sales packages (Putkiranta 2008).

Nokia sells completed phones to distributors (for example Brightpoint
Inc.) and also sells directly to large customers such as operators (for ex-
ample, China Mobile). Distributors, in turn, sell handsets to both smaller
wholesalers and retailers. Depending on the country and region, opera-
tors are often important mobile phone retailers. In the U.S., the mobile

" To our knowledge, Nokia has not outsourced the engine’s final assembly for the
N95 to other companies. In 2007, Nokia outsourced 20% of its total manufactur-
ing volume (including all models) of mobile device engines (Nokia 20-F report,
2007, p.30).
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phone retail sector is dominated by operators while, for instance, in
China the operator’s role is lower.

To analyse the breakdown of value added for the N95, we proceed
systematically by using several data sources. To analyse the hardware cost
structure of the N95, we use the teardown report by Portelligent as a
starting point. Based on interviews, we modify and update some of these
original figures.

We start our analysis by considering the N95’s bill of materials
(BOM). As mentioned before, lists of components, their factory prices
and supplier companies are included in the teardown report. In Table 2.1
we consider these components as entities, without taking into account
that many of those components include parts and materials that have
been bought from other companies.

Table 2.1. The bill of materials (BOM) of the Nokia N95 (in 2007)
Eur % of Total

Description BOM
Integrated circuits 80.3 40.4 %
Display 21.6 10.9 %
5MP camera module 16.5 8.3 %
Mechanics 18.7 9.4 %
All other hardware inputs including supporting ma-

terial 40.8 20.5 %
Bill of materials excluding license fees 177.9 89.6 %
WCDMA license fees 13.5 6.8 %
Symbian OS 3.0 1.5 %
Other license fees 4.2 2.1 %
Bill of materials (software and other immaterial

inputs) 20.7 10.4 %
Total Bill of Materials (BOM) 198.6 100.0 %

Source: Authot’s calculations
Data source: ETLLA’s database
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As Table 2.1 shows, the bill of materials covering all hardware com-
ponents and accessories is approximately EUR 178 (in 2007). Integrated
circuits such as memories and processors form the most costly compo-
nent category, which has an estimated cost of EUR 80. In addition, a
display module and high-resolution (5 MP) camera are expensive inputs.
It should be noted, however, that the above-mentioned suppliers do not
generate the entire value of the components they provide by themselves.
Many components, such as the 5-MP camera module, consist of a num-
ber of sub-components — e.g., module socket, interconnect flex, lens
and electronic components — and not all of these components are
manufactured by the camera module supplier itself. For example, accord-
ing to Portelligent (2007), EEPROM camera memory is manufactured by
the Japanese company Seiko, while the U.S. company Micron has pro-
duced CMOS image sensors for the camera module'®. In any case, the

value added of these components and sub-components are not generated
by Nokia.

In addition to components and other physical parts, mobile phones
include software that can be said to be the brain of the phone. Moreover,
telecommunications technology is tightly protected by patents and other
intellectual property rights. Therefore, notwithstanding the fact that
Nokia itself invests heavily in software and other technology develop-
ment related to handsets, it has to pay significant license fees to other
companies. The N95 runs the Symbian operating system and based on
press releases and financial statements by Symbian, the average royalty
per phone was roughly EUR 3 in 2007". We use this amount to estimate
the Symbian OS license fee for each phone.

18 Because labour costs are an essential part of the calculation, value added cannot
easily be calculated for companies from the U.S. and other countries using U.S.
GAAP, because they ate not at present required to reveal labour costs in their ac-
counts.

7 Source: Symbian Press Release, February 12, 2008. However, in 2007, Nokia was
also the major owner of Symbian Ltd., owning as much as 48% of shares (Nokia
20-F 2007, p. F-64). However, later on Nokia acquired full ownership if Symbian
Ltd and established the Symbian Foundation.
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Moreover, Nokia has paid significant royalty payments to other com-
panies in connection with WCDMA technology'®. According to Nokia, it
has paid less than 3% aggregate license fees on WCDMA handset sales
(press release, April 12, 2007). This share is calculated from Nokia’s sales
price. Based on our interviews, we estimate that Nokia has paid 2.9% in
WCDMA license fees on each WCDMA phone. Nokia’s sales price of
the N95 is approximately EUR 467; thus, Nokia has paid roughly EUR
13.5 in WCDMA license fees per phone to Qualcomm and other
WCDMA patent owners.

In addition to WCDMA technology, Nokia also pays license fees relat-
ing to other technologies and applications. Based on our interviews, we
estimate that these other license fees are approximately 0.9% of Nokia’s
sales price. Altogether, the purchase price of all software and other im-
material inputs totals EUR 21.

Thus, the suppliers of material and immaterial inputs, including their
upstream vendors, generate a total value of EUR 199 for each phone.
The question arises as to how much value added Nokia and the distribu-
tion channel generate for the N95?

To answer this question, we use a backwards calculation method,
starting from the retail price. By definition, the retail sector only resells
products. Thus, the sales margin and value added margin (value added
divided by net sales) have to be almost equal. Based on interviews, retail-
ers’ sales margins are clearly lower for mobile phones than for other elec-
tronics products. Typically, sales margins for high-end mobile phones are
only 10-12% of the final prices". We use this share (11%), leading to an
estimate of EUR 60.1 value added generated by the retail sector. By sub-
tracting this amount from the retail price, we obtain EUR 486, which is
the retailers’ purchase price of the N95.

Independent retailers and retail chains purchase handsets from dis-
tributors or wholesalers. According to our interviews, distributors’ sales
margins are typically 3.3—4.5%. By assuming that in the N95 case the

1 . ... .

¥ Wideband Code Division Multiple Access.

" However, sales margins vary, and in some cases retailers sell some models with-
out margins or even at a loss. In these cases, handsets are typically bundled with

services such as subscriber connection.
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distributors’ share is 3.9% and that the sales margin equals the value
added margin, the value captured by distributors is about EUR 19.1.
When we subtract this amount from the retailers’ purchase price (EUR
4806), we obtain the estimated purchase price of distributors: EUR 467
Because distributors buy phones directly from manufacturers, this
amount is also Nokia’s estimated sales price of the N95.

Finally, we are able to estimate Nokia’s value added per N95 mobile
phone. Value added is the difference between the cost of all inputs pur-
chased by Nokia for each N95 and the price for which it sells the phone.

Hence, by subtracting all material input costs (EUR 178) and immate-
rial input costs (EUR 21) from Nokia’s sales price (EUR 467), we obtain
our estimate for Nokia’s value added (EUR 269). This amount represents
the value of work related to the N95 undertaken by Nokia in its own or-
ganisation. Value added is used to pay in-house labour costs (such as
manufacturing, R&D, marketing and sales), depreciation of assets and
operating profit. Based on our interviews, the manufacturing cost of the
N95 is about EUR 11.5, accounting for only 2% of the consumer price
and 4% of Nokia’s value added”. Therefore, despite manufacturing’s
function as an essential part of the industrial value chain, its share of this
product’s value added remains surprisingly low.

Figure 2.1 summarises the value breakdown by the value chain partici-
pants.

21t should be noted that the design of the N95 is rather complex; hence, its manu-

facturing costs are clearly higher than corresponding costs of basic phone models.
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Figure 2.1. The value added breakdown by the participants in the
N95 value chain
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Source: Authot’s calculations
Data source: ETLA’s database

Out of the retail price of EUR 547 (without sales or value added tax),
Nokia accounts for 49%, hardware suppliers 32.5%, software and other
immaterial suppliers 4%, distributor 3.5% and retail approximately 11%.
Therefore, Nokia generates by far the largest share of the total value. It
should be noted, however, that this value added is not the same as profit.

2.2 Value capture by countries and regions

Our next step is to analyse the geographical breakdown of the N95’s
value added. It should be noted that companies themselves do not usu-
ally provide product-level information on the location of manufacturing
and other operations. On that account, we follow Linden, Kraemer &
Dedrick (2007) and use the headquarters location as the criteria for loca-
tion. Thus, 100% of value added created by each participant in the value
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chain is attributed to the country or region where the headquarters of
that company is located. For instance, the media processor of the N95 is
produced by Texas Instruments (headquartered in Dallas), and we attrib-
ute the entire value of the processor to the U.S.

However, Portelligent’s report does not provide any data relating to
WCDMA and other license fees paid by Nokia. Therefore, we have used
different sources to estimate these fees and their geographical distribu-
tion.

As discussed earlier, according to Nokia, it pays approximately 2.9%
royalty fees for each WCDMA handset. In the N95 case, this means that
Nokia pays EUR 13.5 WCDMA license fees per phone. Based on our
expert interviews, we estimate that 40% of these fees are paid to Qual-
comm (U.S.). To approximate the geographical distribution of the resid-
ual 60%, we use several studies focusing on the patenting of WCDMA
technology (Goodman & Myers 2005, Martin & De Meyer 2006, Bekkers
& West 2009). Analysis of the above-mentioned studies leads us to the
following results: excluding Nokia and Qualcomm as receivers of license
fees, approximately 50% of WCDMA license fees are paid to European
(EU-15 countries) companies, 22% to U.S. companies, 3% to Korean
companies, 12% to Japanese companies and 0.8% to companies head-
quattered in other Asian countries (see Appendix for details)®'. We use
these shares (and the share of Qualcomm) to geographically apportion
WCDMA license fees paid by Nokia. This means that out of EUR 13.5
for WCDMA license fees, Nokia pays EUR 4.05 to European compa-
nies, EUR 7.16 to U.S. companies, EUR 0.33 to Korean companies,
EUR 0.94 to Japanese companies and EUR 0.06 to Chinese (including
Taiwanese) companies™.

In 2007, the headquarters of Symbian Ltd. was located in the UK, and
thus we attribute the entire Symbian license fee to the UK.

In addition to Symbian and WCDMA fees, the N95 includes a multi-
plicity of patented technologies by other companies, and as discussed
earlier, we estimated that these license fees paid by Nokia total approxi-

2 These shares do not total 100% because 13% of license owners were unknown.
2 Due to the lack of data, the residual amount of EUR 1.05 cannot be attributed to

a specific company or country.
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mately EUR 4.2%. According to our interviewees, most of these fees are
paid to U.S. and Japanese companies, and we account 35% (EUR 1.5)
each for both U.S. and Japan and 30% for Europe (EUR 1.2).

Based on headquarters location, the N95’s total value added, including
material and non-material inputs, Nokia’s value added, distributor and
retail, is distributed geographically as follows:

Table 2.2. The geographical breakdown of N95 total value added™

@ (b)
EUR %
Finland 270.8 49.7 %
Other Europe 29.1 5.4 %
The U.S. 69.8 12.1 %
Japan 40.2 6.5 %
Other Asia 40.6 4.6 %
Unknown 16.8 7.2 %
Country of final sales 79.2 14.5 %
Total 546.5 100 %

Note: Based on headquarters location.

Table 2.2 shows that out of the total value added, half has been gener-
ated in Finland, 5.4% in other European countries and 12% in the U.S.,
while Asian countries account for only 11%. However, the share of un-
accounted inputs is 7%, and a large portion of these hundreds of low-
value inputs is probably made and designed in Asia. Even then, ap-
proximately two-thirds of the total value added is created in Europe and
the U.S.

Until now, we have considered the breakdown of value added based
on the location of companies’ headquarters. However, particularly large
companies increasingly operate on a multinational basis, with affiliates in
a number of countries. This development is emphasised in the electron-

¥ Based on our interviews, Nokia does not pay GSM licence fees to other compa-
nies. However, handset companies that do not hold a strong GSM patent portfo-
lio have to pay GSM licence fees to patent holders.

* We have not separated the value added generated by the upstream activities of
vendors. Hence, the entire factory price of each component is attributed to the

country where the headquarters of the vendor is located.
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ics industry, where manufacturing operations in particular have agglom-
erated in China and other low-cost countries.

To estimate the Finnish share more accurately, we proceed by analys-
ing Nokia’s Finnish activities in more detail. First, we consider the geo-
graphical distribution of Nokia’s Multimedia business unit, which was re-
sponsible for the product creation of the N95. In 2007, out of the total
number of Multimedia employees, roughly 75% were located in Finland.
Second, about 80% of Multimedia‘s top management worked in sites lo-
cated in Finland. Third, the majority of N95 devices were manufactured
in Finland, but Nokia’s site in Beijing manufactured some of them as
well.

Based on the above-mentioned three facts, we estimate that Finland
accounts for roughly 70% of the valued added generated by Nokia. Us-
ing this share, approximately 35% of the total value added is created do-
mestically if the country of final sale is abroad. If the handset is sold in
Finland (and the value added in distribution and retail is attributed to
Finland), then 50% of the total value is created domestically.
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3 Conclusions

In this article, we have studied the global value chain of consumer
electronics by using a single mobile phone model (Nokia N95) as a
case example. Our analysis provided us with three main findings.

First, our results show that in the N95 case, the brand owner Nokia
generates the largest share of the total value added. Out of the total
value added, Nokia accounts for 49%, component suppliers 32.5%,
software and other immaterial suppliers 4%, distributor 3.5%, and re-
tail approximately 11%.

Second, the pure production or manufacturing function contributes
only a minor share of the entire value of a high-tech product such as a
mobile phone. In the N95 case, the final assembly of the phone costs
approximately EUR 11.5, accounting for only 2.1% of the total value
added and 4.3% of the value added generated by Nokia. This impli-
cates that the production of a high-tech electronics product is in fact
very low tech because manufacturing generates only a small amount of
value added. One can buy electronic manufacturing services from a
number of companies located in either developed or developing coun-
tries. Hence, much of the manufacturing know-how related to high-
tech electronic products has become commoditised.

Third, the value added of the N95 is dispersed to a number of coun-
tries and continents. The geographical distribution also depends on
the country of final sale, as retailers and distributors account for al-
most 15% of the total value. Notwithstanding the fact that virtually all
physical components of the N95 are manufactured outside Finland,
approximately 35% of the total value added is created domestically if
the country of final sale is abroad. If the handset is sold in Finland
(the value added of distributor and retail are attributed to Finland),
then 50% of the total value is created domestically. We will consider
the geographical breakdown of value added more carefully in our on-
going study that will be published in 2010.
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5 Appendix

Appendix 1. The Geographical Breakdown of WCDMA License
fees

Several studies have focused on patent ownership issues in third-
generation cellular technology. Goodman & Myers (2005) identified
732 patent families issued prior to 2004 for WCDMA (Figure 1 in
Goodman & Myers 2005). We excluded Nokia (94 patents) and Qual-
comm (279 patents) from the total count and consider the owners of
the remaining 359 patents. Our geographical breakdown is based on
the headquarters location of these patent owners and is presented in

Row 1 (Table Al).

Goodman & Myers also evaluated which patents are actually essential
to the WCDMA standard, distinguishing them from those that are
claimed to be potentially essential. Based on this evaluation, only 157
of 732 patents were judged to be essential (Figure 5 in Goodman &
Myers 2005). Again, we exclude Nokia (40 patents) and Qualcomm
(30 patents) and consider the remaining 87 patents. The geographical
breakdown of this residual number is presented in Row 2 (Table Al).

Martin & De Myers (2000) criticised the approach and patent evalua-
tion method of Goodman & Myers (2005) and suggested an alterna-
tive approach, based on patent citations. Martin & De Myers analysed
the citations of 725 UMTS patents and found that they received a to-
tal of 14211 citations by others (Table 1 in Martin & De Myers 2000).
We excluded the citations of Nokia’s and Qualcomm’s patents and
consider the patent owners of the residual 7630 citations. The geo-
graphical breakdown of this residual is presented in Row 3 (Table A1l).

The more recent analysis of WCDMA patents covered a total of 1,227
patents that were claimed to be essential (Bekkers & West 2009, Table
3). After excluding Nokia (248 patents) and Qualcomm (228 patents),
we considered the geographical breakdown of the remaining 751 pat-
ents (see Row 4 in Table A1).
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Table Al. The geographical distribution of WCDMA patents
(Nokia and Qualcomm excluded)
U.S. ex-
cluding China
Other Qual- South (incl.
EU-15 comm Korea Japan Tw) Unknown
3gpp (Goodman & Myers, Fig. 1) 46.2% 13.6% 0.0% 20.9% 0.0% 19.2%
IP judged essential 3gpp (Good-
man & Myers, Fig. 5) 58.6% 172% 0.0% 17.2% 0.0% 6.9%
Citations (Martin & De Myers, Ta-
ble 1) 49.2% 33.4% 00% 6.0% 0.0% 11.5%
ETSI notified essential patents
(Bekkers & West, Table 3) 46.2% 22.4% 11.5% 24% 3.1% 14.5%
Average 50.1% 21.7% 29% 11.6% 0.8% 13.0%

Notes: Martin & De Meyer (2006) argue that rather than patent counts, patent cita-
tions are a better proxy for the value of intellectual property of WCDMA patent

holders.

Sources: Goodman & Myers (2005), Martin & De Myer (20006), Bekkers & West

(2009)

To approximate the geographical distribution of WCDMA license fees
paid by Nokia (excluding fees paid to Qualcomm), we have used the
average share of each region (the last row of Table A.1) based on the

above-mentioned studies.
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