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Abstract: In this paper, we apply global value chain (GVC) analysis to study 
recent trends in the global electronic hardware industry and their implications 
for upgrading opportunities for firms from developing countries. We identify 
three key firm level actors – lead firms, contract manufacturers, and platform 
leaders. Company, cluster, and country case studies are presented to illustrate 
how supplier capabilities in various places have developed in the context of 
electronics GVCs. The findings identify some of the persistent limits to 
upgrading experienced by even the most successful firms in the developing 
world. Four models used by developing country firms to overcome these 
limitations are presented: emerging multinationals, contract manufacturer 
spinoffs, platform brands and emerging factory-less start-ups. Each of these 
new models has been enabled, to a greater or lesser degree, by the rise of new 
markets and new kinds of consumers in developing countries. 
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1 Introduction1 

The electronics hardware industry is the world’s most important goods-producing sector. 
Not only does it employ more workers and generate greater revenue than any other 
manufacturing sector, its products also enhance productivity in other activities and 
stimulate innovation across entire economies (Mann and Kirkegaard, 2006). It is a classic 
example of what Hirschman (1958) calls a ‘propulsive sector’. Consider the case of the 
USA, where innovation in electronics hardware, which employed 1,105,900 in 2009, has 
helped spawn a host of downstream service industries, including computer systems 
design services, telecommunications, as well as data processing, hosting, and related 
information services, which together employed 2,697,2002. The heavy use of computers 
and information technology in other sectors, including retail and wholesale trade, 
transportation, finance, real estate, education, professional services, and industrial 
production, make it clear how pervasive the changes made by electronic hardware have 
been. 

The goal of this paper is to delineate the central characteristics of global value chains 
(GVCs) in the electronics hardware sector, describe the incorporation of newly developed 
and developing countries, and the rise of new producers and consumer markets in the 
developing world, and discuss how they have been affected by the 2008–2009 economic 
crisis. As is common in GVC analysis, we identify the key actors in the chain of  
value-added activities, where various activities are located geographically, and how 
information and knowledge flow within the chain. This paper first outlines the electronics 
industry’s central role in the rise of GVC, especially the dramatic shift of production to 
Mainland China, and then discusses the effects of the recent economic crisis on the 
industry. The paper then identifies three key firm-level actors: lead firms, contract 
manufacturers, and platform leaders, and discuss their development, or ‘co-evolution’ 
over time. A series of company, cluster, and country case studies are then presented to 
illustrate how supplier capabilities in various places have developed in the context of 
electronics GVCs. The final substantive section identifies some of the persistent limits to 
upgrading experienced by even the most successful firms in the developing world. Four 
models used by developing country firms to overcome these limitations are then 
presented: 
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1 global expansion though acquisition of declining brands (emerging multinationals) 

2 separation of branded product divisions from contract manufacturing divisions 
(contract manufacturer spinoffs) 

3 successful mixing of contract manufacturing and branded products (platform brands) 
for contractors with customers not in the electronic hardware business 

4 the founding of factory-less product firms that rely on GVCs for a range of inputs, 
including production. 

Each of these new models has been enabled, to a greater or lesser degree, but the rise of 
new markets and new kinds of consumers in developing countries. 

Some of the material suggests that the 2008–2009 economic crisis presented a 
window of opportunity for developing country firms in the electronics GVCs, in 
particular, for firms based in Taiwan (China). The conclusion states the case that firms in 
the developing world will, in one or all of the ways described, soon come to play a more 
central role in driving the innovative trajectory of the industry by leveraging the full 
complement resources that have become available in GVCs. 

2 The electronics industry’s central role in the rise of GVCs 

Each year, the electronics industry generates a mushrooming array of products and 
services. Now deeply entwined in our social fabric, electronics products and systems 
support critical aspects of communication, education, finance, recreation, and 
government. Thousands of companies from dozens of countries contribute to the industry 
on a daily basis. Even a single product can contain work carried out by dozens of firms in 
multiple countries. Because there is less need for co-location of engineers than in other 
technology-intensive sectors, such as with the co-location of design with manufacturing, 
it is relatively easy for electronics firms to engage in the twin strategies of outsourcing 
and offshoring. Global sourcing is common. Factories can be relocated with relative ease 
and produce a wide variety of end products. As a result, GVCs in the electronics industry 
are more geographically extensive and dynamic than in any other goods-producing 
sector. 

Evidence of the importance of the electronics industry in the rise of GVC can be 
found in statistics on intermediate goods trade. Trade in intermediate goods is indicative 
of GVCs because fragmented production processes require that parts, components, and 
partially manufactured subassemblies cross borders – sometimes more than once – before 
finished goods are shipped to final markets (Feenstra, 1998; Dean et al., 2007; Brülhart, 
2008). As Sturgeon and Memedovic (Forthcoming) show, the share of total manufactured 
intermediate goods trade accounted for by the electronics industry increased from 11.5% 
in 1988 to 20.3% in 2006. This suggests that the electronics industry accounts for a 
growing share of intermediate goods trade and, by extension, GVC formation. 

In the past 20 years, East Asia in general and China in particular have become 
increasingly important in electronics as well as other industries, both as production 
locations and final markets. This is also reflected in the flow of intermediate goods. As 
Table 1 shows, ‘greater China’ (Mainland China, Hong Kong, and Taiwan) account for 
35.5% of world intermediate electronics exports, up from 6.2% in 1991. Exports of 
electronics intermediates from Mainland China have grown extraordinarily, from less 
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than one percent of the world’s total in 1991 to 15% in 2008. Much of this growth has 
come at the expense of the USA, Japan, and the UK, which ranked Numbers 1, 2, and 4 
in the world in 1991; and Numbers 5, 4, and 14 in 2008. 
Table 1 Top-15 intermediate goods exporters in the electronics industry, 2008 and 1991 

Exporter 
World 
rank 
2008 

Export 
value 

2008 ($M) 

% of world 
intermediate 
electronics 

exports 2008 

World 
rank 
1991 

% of world 
intermediate 
electronics 

exports 1991 
China 1 88,872 15.0% 26 0.3% 
China (Taiwan) 2 63,755 10.8% 9 3.8% 
China (Hong Kong) 3 57,651 9.7% 13 2.1% 
Japan 4 46,609 7.9% 2 19.1% 
USA 5 46,336 7.8% 1 20.4% 
Singapore 6 39,402 6.7% 5 5.2% 
Germany 7 39,113 6.6% 3 8.8% 
Republic of Korea 8 37,626 6.4% 6 4.8% 
Malaysia 9 28,479 4.8% 8 4.0% 
Philippines 10 18,811 3.2% 18 1.0% 
Netherlands 11 15,474 2.6% 12 2.8% 
France 12 11,875 2.0% 7 4.6% 
UK 13 11,317 1.9% 4 5.7% 
Thailand 14 8,588 1.5% 15 1.6% 
Mexico 15 7,791 1.3% 28 0.2% 

Note: To identify commodities as consumption, capital, and intermediate goods, the 
conversion table broad economic category (BEC) to SITC Rev. 1 from world 
integrated trade solution (WITS) was used. 

Source: UN comtrade standard international trade classification (SITC)  
Rev. 1 data. 

3 Effects of the economic crisis on electronics GVCs 

As with almost all other sectors, the electronics industry was deeply affected by the 
economic crisis of 2008–2009, mainly in terms of a steep and sudden drop in demand. 
Nevertheless, despite the trauma of the most recent down cycle, the global electronics 
industry is too globally integrated to have invited protectionist moves by policymakers. 
Moreover, existing trade restrictions tended to be quite lax, providing few levers for 
action. This is because electronic hardware and systems are rightly perceived as having a 
‘propulsive’ effect on other industries, and because deep expertise has tended to be 
concentrated in only a few places (for example, in Silicon Valley, California, and in large 
firms based in the USA, Europe, and Japan). As a result, politicians and policy makers 
have been loath to put too much pressure on firms to produce locally or to put up barriers 
to trade, even during economic crises. Intense competition, at first between American and 
Japanese producers, along with a series of boom and bust cycles driven by forces both 
internal and external to the industry (Brown and Linden, 2009), are what pushed early 
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fragmentation of electronics GVCs, rather than trade barriers and local content rules 
alone. Producing electronic hardware in low-cost locations lowers prices, which speeds 
adoption of information technologies at home and leads to productivity spillovers  
(Mann and Kirkegaard, 2006). Because trade barriers have been minimal in this industry 
worldwide, the main impact of the 2008–2009 economic crisis has been to sharply reduce 
demand, driving the full absorption of operating inventories and accelerating existing 
trends toward consolidation and shifts to low-cost production geographies discussed 
throughout this paper. However, the crisis may have hastened the longstanding but more 
gradual trends of consolidation and supplier learning and GVC upgrading as well. 

4 Lead firms, contract manufacturers, and platform leaders in electronics 
GVCs 

In the electronics industry’s hardware ‘ecosystem’ there are three principal actors: lead 
firms, contract manufacturers, and platform leaders. Of course, dozens of other entities 
play important roles in the broader industry, including software vendors, production 
equipment manufacturers, distributors, and producers of more generic components and 
subsystems. Nevertheless, an analysis of how these three firm-level actors interact in the 
industry’s GVCs provides a useful if simplified portrait of the global electronics industry. 
The value captured by the most powerful firms in GVCs – lead firms with global brands 
and component suppliers with strong positions of ‘platform leadership’ – can be 
extremely high. 

4.1 Lead firms 

Lead firms in GVCs carry brands and sell branded products and systems in final markets 
to individual consumers, other businesses, or government agencies. These firms initiate, 
or ‘lead’, the GVC’s activities by placing orders with suppliers, giving them market 
power over suppliers. This ‘buyer power’ is earned, if not by technological leadership 
and large investments in brand development, then by the financial risk taken on between 
placing orders and selling products3. Of course, the size of orders matters. Large orders in 
the supply base are driven by the expectation of large sales in end markets, and this 
connects lead firm power derived from market performance to their buyer power in 
GVCs. 

Because the electronics industry has diversified as it has grown, lead firms compete in 
a widening array of end markets. Table 2, showing nine major end markets, reveals the 
remarkable breadth of the electronics industry. Each product example in the second 
column represents a significant and diverse market in its own right, with dozens of 
competitors. Examples of important firms are listed in the third column, but there are 
many more companies, large and small, competing in each of these markets and detailed 
product segments. Table 2 is necessarily incomplete and misleadingly static. Applications 
for electronics technology have grown almost too numerous to list, with new companies 
formed and new products introduced almost daily. Moreover, many of these market 
segments contain companies that resell hardware products by integrating them into larger 
systems, adding software and offering after-sales services that tailor the systems for use 
in specific situations and settings4. The electronics and wider information technology 
‘ecosystem’, therefore, is vast. 
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Table 2 Main electronics markets, products, and lead firms 

Main market segments Product examples Lead firm examples 

1 Computers Enterprise computing systems, 
PCs (desktop, notebook, 
netbook), embedded computers 

IBM, Fujitsu, Siemens,  
Hewlett-Packard, Dell, Apple,  
Acer, Lenovo 

2 Computer 
peripherals and  
other office 
equipment 

Printers, fax machines, copiers, 
scanners 

Hewlett-Packard, Xerox, Epson, 
Kodak, Cannon, Lexmark, Acer, 
Fujitsu, Sharp 

3 Consumer 
electronics 

Game consoles, television, 
home audio and video, portable 
audio and video, mobile phone 
handsets, musical equipment, 
toys 

Toshiba, NEC, Vizio, Sony, Sharp 
Apple, Nintendo, Microsoft, 
Samsung, LG, NEC, Matsushita, 
Hitachi, Microsoft, HTC, Philips 

4 Server and storage 
devices 

Portable, internal, external, 
backup systems, storage 
services 

Toshiba, Western Digital, EMC, 
NetApp, Hewlett-Packard, Hitachi, 
Seagate, Maxtor, LeCie, Quantum 

5 Networking Public telecommunications, 
private communications 
networks, internet, mobile 
phone infrastructure 

Alcatel, Nortel, Cisco, Motorola, 
Juniper, Huawei, Ericsson, Nokia, 
Tellabs 

6 Automotive 
electronics 

Entertainment, communication, 
vehicle control (braking, 
acceleration, traction, 
suspension), vehicle navigation 

TomTom, Garmin, Clarion, 
Toyota, General Motors, Renault, 
Bosch, Siemens 

7 Medical 
electronics 

Consumer medical, diagnostics 
and testing, imaging, 
telemedicine, meters and 
monitoring, implants, fitness 

General Electric, Philips, 
Medtronic, Varian 

8 Industrial 
electronics 

Security and surveillance, 
factory automation, building 
automation, military systems, 
aircraft, aerospace, banking 
and ATM, transportation 

Diebold, Siemens, Rockwell, 
Philips, Omron, Dover 

 

9 Military and 
aerospace 
electronics 

Ground combat systems, 
aircraft, sea-based systems, 
eavesdropping and 
surveillance, satellites, missile 
guidance and intercept 

L-3 Communications, Lockheed 
Martin, Boeing, BAE Systems, 
Northrop Grumman, General 
Dynamics, EADS, L-3 
Communications, Finmeccanica, 
United Technologies 

Source: Authors 

As the nationalities of the well-known firms listed in Table 2 suggest, most important 
lead firms in the electronics industry are based in industrialised countries, especially the 
USA, Western Europe, and Japan. Of newly industrialised countries, the Republic of 
Korea (hereafter, ‘Korea’) stands out as a base of important lead firms, especially 
Samsung and LG. Because of their role as production platforms and contract 
manufacturing centres, only a handful of important lead firms have emerged from 
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developing countries, including Acer, a PC company based in Taiwan; Huawei, a 
Chinese manufacturer of networking equipment; and Lenovo, a Chinese PC company that 
leapt onto the world stage with the acquisition of IBM’s PC division in 2004. Later in the 
paper we discuss the possibility that lead firms from developing countries are finding 
new ways to compete successfully in global markets, and that the recent economic crisis 
has provided lead firms based in Taiwan with new opportunities to move into more 
important roles as lead firms in the electronics industry. 

4.2 Contract manufacturers 

Contract manufacturers make products for lead firms and sometimes provide design 
services as well. The popularity of contract manufacturing in the electronics industry is a 
direct result of value chain modularity, which enables a clear technical division of labour 
between design and manufacturing at multiple points in the value chain, most notably 
between the design and assembly of final products and the design and fabrication of 
integrated circuits, or ICs. At the product level, some lead firms still assemble products in 
their own factories, but the use of contract manufacturers has been a strong trend since 
the late 1980s. Production services alone – comprising component purchasing, circuit 
board assembly, final assembly, and testing – are referred to in the industry as electronics 
manufacturing services (EMS). Historically, the largest EMS contract manufacturing 
firms have been based in the USA and Canada (see Table 3); for example, Celestica was 
spun off from IBM in 1997. These firms tend to have global operations and produce for 
lead firms in most product segments listed in Table 2. In recent years, Foxconn  
(Hon Hai), based in Taiwan but with very large production facilities in China, Vietnam, 
and the Czech Republic, has emerged as the industry’s largest player, in part on the basis 
of huge orders received from Apple for the production of the iPod and iPhone product 
lines. A number of firms based in Singapore have also risen in the EMS ranks, including 
Venture and Beyonics, ranked 7th and 12th in the world, respectively, in 2009. 

Manufacturing plus product design services are known collectively as original design 
manufacturing (ODM) services. Most large ODM contract manufacturers are based in 
Taiwan, with manufacturing now concentrated in China. These firms (top of Table 3), 
have historically focused on producing for lead firms in the personal computer (PC) 
industry. Because manufacturing process technology, especially at the circuit board level, 
is quite generic, EMS contract manufacturers can aggregate business from lead firms in 
many electronics subsectors. Design expertise is far less generic, however, which 
explains why ODM contract manufacturers have historically been confined to the PC 
industry (Sturgeon and Lee, 2005). 

It has proven to be a powerful combination for US-based ‘global’ EMS contract 
manufacturers to have facilities both at home, to work out the manufacturing details of 
new product designs in collaboration with lead firm design groups, as well as abroad, to 
perform high-volume production in locations with lower costs and proximity to 
promising new markets. In some cases, the offshore affiliates of these large suppliers 
have challenged developing country contract manufacturers on their home turf. In other 
cases, a complementary pattern emerged where global suppliers rely on ‘second tier’ 
developing country suppliers for components, services, and as subcontractors. A third 
pattern is for developed country suppliers to specialise in products and services that 
require the initial co-location described above. 
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Table 3 Top-five electronics contract manufacturers in different regions, 2009 

Top-five contract manufacturers Primary service 2009 revenue (US$, millions) 

Taiwan, China 
 Foxconn/Hon Hai EMS 44,065 
 Quanta Computer ODM 23,265 
 Compal Electronics ODM 19,424 
 Wistron ODM 16,226 
 Inventec ODM 12,349 
North America 
 Flextronics (USA and Singapore) EMS 30,949 
 Jabil Circuit (USA) EMS 11,685 
 Celestica (Canada) EMS 6,092 
 Sanmina-SCI (USA) EMS 5,177 
 Benchmark Electronics (USA) EMS 2,089 
Other locations 
 Venture (Singapore) EMS 2.428 
 Elcoteq (Luxembourg) EMS 2,090 
 SIIX (Japan) EMS 1,360 
 Beyonics (Singapore) EMS 1,120 
 Zollner Elektronik (Germany) EMS 970 

Notes: EMS – electronic manufacturing services; ODM – original design manufacturing 
(services) 

Source: Digitimes (Taiwan, China) and company annual reports 

Despite these differences, both the EMS and ODM contract manufacturing segments 
have been characterised by rapid growth and geographic expansion, making them key 
actors in electronics GVCs. Because of this rapid expansion, they now purchase the bulk 
of the world’s electronic components, albeit on behalf of their lead firm customers. Even 
with large market shares in specific product segments (for example, Taiwanese ODM 
contract manufacturers produce more than 90% of the world’s notebook computers), their 
market power (and profitability) has generally remained low because they are highly 
substitutable. In fact, the electronics contract manufacturing sector has long been 
characterised by intense competition, low profitability, and dramatic consolidation,  
even as it has experienced rapid growth. Most recently, revenues of ODM contract 
manufacturers based in Taiwan have surged ahead of EMS contractors. Because of their 
expertise in small form factor (that is, portable) product design, ODMs have been able to 
capture the lion’s share of new business for burgeoning product categories like portable 
computers, smart phones, and navigation devices. 

Whatever the competitive battles and complementarities that have emerged among 
developed and developing country suppliers, the most important change is that increasing 
supplier capability is allowing lead firms to implement global production strategies in 
ways that were unimagined 20 years ago. Sustained efforts by the largest lead firms to 
expand and consolidate their sourcing networks have helped to create a new class of huge 
globally operating suppliers in the electronics industry, and supplier consolidation has 
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meant that there are larger, more capable suppliers to choose from. Suppliers have 
collected bundles of capabilities and can now provide one-stop shopping for lead firms 
seeking regional and global supply solutions. This new class of global supplier has 
internalised many of the most difficult and costly aspects of cross-border integration such 
as logistics, inventory management, and the day-to-day management of factories 
(Sturgeon and Lester, 2004). 

4.3 Platform leaders 

In some industries, such as PCs, mobile phones, and a few industries unrelated to 
electronics such as bicycles, platform leaders play a crucial role (Galvin and Morkel, 
2001; Fixson and Park, 2008). Platform leaders are companies that have been successful 
in implanting their technology (in the form of software, hardware, or combination) in the 
products of other companies (Gawer and Cusumano, 2002). In extreme cases, platform 
leaders can capture the bulk of industry profits and retain tight control over the innovative 
trajectory of the industry. In the electronics industry, the notebook PC and mobile phone 
handset cases show why the term ‘lead firm’ does not necessarily imply that branded 
product firms such as Dell and Motorola are the dominant and in many cases the most 
profitable actors in the chain. 

Using the language of Baldwin and Clark (2000), it can be said that Intel, as the 
dominant platform leader in the PC industry, has the technological capability and market 
power to unilaterally change the location of key ‘pinch points’ in the GVC. In other 
words, Intel can decide how to bundle tacit, proprietary activities and where to locate the 
points in the chain where codified handoffs can occur and open standards can begin. It is 
logical to think that PC producers, if they were able to develop a viable substitute for 
Intel chipsets, would seek to protect and enhance their profitability by abandoning Intel. 
In fact, many have tried in the past. IBM’s late 1980s Microchannel PC architecture and 
the 1990s IBM/Motorola/Apple PowerPC CPU (central processing unit) alliance are 
examples of how branded PC companies have tried, and failed, to supplant Intel’s 
platform leadership in the PC industry. In mobile phones platform leadership is also 
present, but more diffuse. Key underlying patents are held by a broad array of companies, 
most notably Nokia (Finland), Ericsson (Sweden), Qualcomm (USA), Motorola (USA), 
and NTT DoCoMo (Japan). Other proprietary system elements are embedded in 
functional semiconductor ‘intellectual property’ blocks offered by companies such as 
ARM (UK) and CEVA (USA). Patent holders for cellular technology are in a  
position to cross-license with each other, which lowers their royalty expenses relative to 
non-patent-holding rivals, but non-patent holders who produce phones must pay steep 
royalties for these layers of technology licensing that can add up to $5 to $8 per phone. In 
most industries, however, system architecture is more completely defined by lead firms, 
providing them with the market power to select among alternative vendors and capture 
the lion’s share of value created within the chain. Personal computers and mobile phone 
handsets are important and well-known cases of industries where platform leaders 
dominate, but it is important to note that such cases are in fact quite unusual. 

Very few platform leaders have as yet emerged from the developing world. In the 
electronics industry a notable exception is MediaTEK, a ‘fabless’ semiconductor design 
company founded in 1997 in Taiwan. The company has moved along with the market, 
providing chipsets for reading compact disks (CDs), digital video disks (DVDs), digital 
video recorders (DVRs), and high-definition televisions (HDTV). Most recently 



   

 

   

   
 

   

   

 

   

    Global value chains in the electronics industry 129    
 

    
 
 

   

   
 

   

   

 

   

       
 

MediaTEK mastered the difficult art of combining fundamentally different technologies, 
such as analogue and digital signal processing on the same chip, in what is known in the 
industry as ‘system-on-chip’ (SOC) technology. Using SOC capabilities, the company 
began offering single-chip ‘platform solutions’ with the advantages of lower cost, smaller 
size, and lower power consumption, while sacrificing, to some degree, the ability to 
customise platforms in the interest of product variety. In the years 2004 and 2005, 
MediaTEK leveraged its experience in audio, imaging, and video to develop chipset 
solutions for mobile phones with functionality for audio capture (voice recording), music 
playback (MP3), image capture and playback (camera and video phones). MediaTEK 
chipsets have played a central role in supporting the development of low-cost phones 
suitable for the Chinese market, covered later in this paper (as well as in the paper by 
Brandt and Thun in this special issue and by Imai and Shiu, Forthcoming). 

5 The rise of supplier capabilities in electronics GVCs 

East Asia has contributed to the development of GVCs for a long time and in different 
ways. Japanese trading companies were some of the earliest sources of low-cost 
consumer goods for the West, such as footwear and apparel produced for large retailers in 
the USA and consumer electronics produced for branded lead firms such as RCA and 
Philips. When wages rose in Japan, Japanese trading companies became intermediaries in 
more complex ‘triangle manufacturing’ arrangements that brought factories in Korea, 
Taiwan, and Hong Kong into a system that had previously consisted of Japanese factories 
exporting directly to countries in the west (Gereffi, 1999). Eventually, global buyers in 
the West learned how to buy directly from factories in developing East Asia, or through 
local intermediaries in places like Hong Kong. 

As firms in Korea and Taiwan began to supply more technology-intensive products 
like electronics with help from the state, their paths diverged. By and large, Korean firms 
followed in Japan’s footsteps. During the 1980s Korean chaebols (business family) 
emerged as large, diversified enterprise groups with a vertically integrated stance toward 
product development, manufacturing, and marketing. Today, using their own brand 
names, Samsung, LG, and Hyundai Motors compete head to head with firms based in the 
USA, Japan, and Europe in global markets for technology-intensive products, such as 
mobile phone handsets, flat-panel television sets, and passenger vehicles. 

In Taiwan, however, local manufacturers began by supplying components and 
subassemblies, rather than finished products, but sought – and indeed were asked and in 
some cases forced by de-verticalised ‘manufacturers’ in the West – to move up the value 
chain. As a result, they began to assist in the design process and take full responsibility 
for component purchasing, final assembly, and the organisation of multi-country value 
chains in East Asia. Taiwanese contract manufacturers had long hoped to leverage this 
learning process to become full-blown original brand manufacturers (OBMs), selling 
their own branded products on markets (Weiss and Hobson, 1995). Few have been 
successful, however, in large part because OBM activity brought them into direct 
competition with their customers (small in number and very powerful), and put future 
orders at risk5. The fallback strategy for Taiwan-based suppliers was to remain within the 
expanding set of value chain niches that had been made available, and to increase their 
range of competencies in contract manufacturing and design services, while expanding 
geographically into Mainland China in an effort to respond to customer demands for 
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ongoing cost reductions. As a result, a different business model and path to development, 
separates Taiwanese firms, such as TSMC, Quanta, and Hon Hai, from their Korean 
‘national champion’ counterparts, such as Samsung and LG. 

The reasons for the different paths of Korea and Taiwan are complex. They include 
the more fragmented industrial structure of Taiwan noted by Feenstra and Hamilton 
(2006), the larger home market in Korea, different capabilities in the customer base 
(retailers versus de-verticalising manufacturing companies), and different state policies 
(the Korean state actively promoted vertical and horizontal integration). Korea’s earlier 
insertion into GVCs also played a role. From more arms-length relationships, GVC 
coordination and governance evolved. Taiwan’s buyers were more circumspect about 
offloading full design and product conception responsibilities to suppliers, in part because 
they had observed how Japanese and Korean suppliers had overtaken their customers 
with their own brands in consumer electronics (televisions) and home appliances 
(microwave ovens). The differences between Korea and Taiwan, then, reflect differences 
in strategy, developed in a co-evolutionary manner with a set of de-verticalising 
customers, and not just different starting points in industrial structure. As a result, we see 
Taiwan as transitioning toward the new ‘compressed development’ model rather than 
simply a variant of ‘late development’. 

The success of the ODM contract manufacturing model eventually shifted Taiwan’s 
industrial policy away from efforts to create full-blown, vertically integrated, globally 
competitive national industries through a process of sequential value chain upgrading. 
Eventually, most ODM contract manufacturers and other Taiwan-based suppliers in 
electronics GVCs realised that it was better to spin off their branded product divisions to 
compete in end markets and, as shall be seen, a few of these ‘contract manufacturer 
spinoffs’ have met with some success. 

The following sections detail the development of suppliers based in three places: 
Taiwan (China), the USA, and Guadalajara, Mexico. While outsourcing in electronics 
GVCs has driven supplier development in many places across the world at many stages 
of the value chain, these case studies provide a range of emblematic cases in the contract 
manufacturing stage: 

1 global suppliers from an advanced economy (USA) 

2 regional suppliers from a newly developed economy (Taiwan, China) that have 
shifted the bulk of their production to Mainland China 

3 the operations of global suppliers that have been set up in a developing economy to 
feed an adjacent, advanced economy market (Guadalajara, Mexico into the USA). 

These three patterns of GVC development, taken together, describe a range of 
experiences that have larger resonance in the world economy. The experience of 
Guadalajara, for example, is similar to that of other places in the world that have received 
investments from global contract manufacturing firms for rapid supply into nearby 
advanced country markets, such as plants that were established in Hungary, Poland, and 
the Czech Republic to export mainly to Western Europe. But the cases presented here do 
not describe all experiences. As already mentioned, Korea developed partly as a supplier 
of components, contract manufacturing and design services, but even more as the home 
base for large, vertically integrated product companies that now compete head to head 
with branded electronics companies from Europe, Japan, and the USA. Many, if not most 
countries in East Asia have received investment from Japanese electronics firms seeking 
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to avoid tariffs and export to Europe and the USA (see Hobday, 2001; Oikawa, 
Forthcoming). In many, if not most other places in the developing world, the only link to 
electronics GVCs is in the form of finished product imports. 

5.1 Contract manufacturers from Taiwan (China): a focus on PCs and a shift to 
the Mainland 

Taiwan-based ODM contract manufacturers have come to dominate world production of 
PCs, but have historically had difficulty selling their own branded products to 
consumers6. However, the recent economic crisis may have created new opportunities for 
Taiwan-based firms to overcome these barriers, as will be discussed in this section on the 
evolution of electronics hardware production in Taiwan. 

Taiwan has developed what is arguably the world’s most capable and agile  
supply-base for the design, manufacture, and delivery of PCs and related products, 
especially notebook computers (Dedrick and Kraemer, 1998). This powerful productive 
engine has developed, almost in its entirety, in response to orders from lead firms based 
in the USA, and more recently, Japan (Sturgeon, 2007). At the same time, the 
development of contract manufacturing in Taiwan and elsewhere has provided lead firms 
with an increasing range of sourcing options. This process of co-evolution means that 
Taiwan’s electronics industry has been able to develop without a significant cadre of 
local lead firms. From the late 1970s to the present day, sourcing from Taiwan has 
expanded from computer monitors, to various components and subsystems, to complete 
desktop and notebook PC systems. 

Enormous market expansion and the modular system architecture of PCs,  
especially the dominant role of Intel’s central processing units (CPUs) and Microsoft’s 
Windows operating system software in setting system architecture, along with intense 
competition and short product life cycles, have created the conditions for the emergence 
of a set of firms specialising in the iterative, post-architectural portions of product design. 
However, because most functionality resides in chipsets and software – system elements 
that computer producers do not design – control over the innovative trajectory of the 
industry has continued to reside in ‘platform leaders’ such as Intel and Microsoft, which 
have traditionally worked closely with branded PC firms on future requirements. 
However, as the notebook format has come to dominate consumer PC sales, and branded 
PC firms have either left the business (IBM), changed their business focus to bundling 
services with PCs (Hewlett-Packard), or tried to move up-market to servers and storage 
systems (Dell), Intel has begun to work more closely with Taiwanese firms on the 
requirements for next generation CPU design for mobile computing (Kawakami, 
forthcoming). 

The migration of Taiwan’s electronics production to Mainland China began  
to accelerate in the mid-1990s, following a sharp drop in desktop PC prices (some  
models fell below $500). The migration started with components and peripherals and 
then spread to assembly of desktop PCs and motherboards, with the latest stage  
being notebook computers in the period 2001–2006, when notebook PC ODMs  
moved nearly all of their manufacturing from Taiwan to Mainland China. As sales  
of notebook PCs expanded rapidly, surpassing desktop units in the early 2000s, 
production in Taiwan soared from 2.3 million units in 1995 to a peak of 14.3 million  
in 2002. However, after 2002, notebook PC production in Taiwan dropped just as  
rapidly, even as Taiwanese firms produced a larger share of the world’s output,  
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reaching 92% in 2008. This migration contributed to the dramatic expansion of  
two industry clusters for electronics manufacturing, one in the Pearl River Delta  
near Hong Kong focused on the assembly of desktop PCs, PC main boards, and 
peripheral products, and the second in the Yangze River Delta near Shanghai, focused  
on notebook PC assembly. Smaller Taiwanese contract manufacturers and  
component suppliers were not able to make this move, leading to a dramatic 
consolidation among firms specialising in notebook PC production: the number of 
Taiwanese notebook PC producers fell from 45 in 1993 to only 21 in 2006, with market 
share shifting dramatically in favour of the largest five producers (Kawakami, 
Forthcoming). 

The co-evolution of lead firms, suppliers, and platform leaders outlined here reveals a 
recursive dynamic of outsourcing, upgrading, and further outsourcing; the enabling role 
of open standards and modular product architecture in the PC sector; the intense 
competition and rapid product life cycles that drove lead firms to seek to spread risk and 
lower costs through outsourcing; and the entrepreneurial agility displayed by Taiwanese 
firms to recognise and quickly seize new opportunities to specialise in narrow segments 
of the value chain7. 

5.2 Contract manufacturers from the USA: a diversified product portfolio and a 
global footprint 

In the USA electronics industry, a combination of globalisation, outsourcing, and vertical 
bundling at suppliers in the 1990s helped to push a small but elite set of supplier firms to 
quickly move beyond their traditional cluster- or national-scale footprint to become 
global in scope. Vertically integrated lead firms with global operations based in both the 
USA and Europe, including Lucent, Nortel, Alcatel, Ericsson, and Apple Computer, sold 
off most, if not all, of their in-house manufacturing capacity – both at home and  
abroad – to a cadre of large and highly capable US-based contract manufacturers  
(Table 3), including Flextronics/Solectron, Jabil Circuit, Celestica, and Sanmina-SCI 
(Sturgeon, 2002; Sturgeon and Lee, 2005). 

In the round of consolidation that followed the technology bubble bursting in  
2001, Flextronics (listed in Singapore, but managed from San Jose, CA) emerged as  
the world’s largest electronics EMS contract manufacturer, a position that was  
further solidified through its acquisition of number 2-ranked Solectron in 2007. 
Flextronics’ 2009 revenues were slightly less than $31 billion. Aside from dozens of 
stand-alone factories and technology centres around the world, Flextronics, with  
its strategy of ‘vertical integration’, operates nine huge ‘industrial parks’, where  
it has ‘invited’ many of its most immediate suppliers of product-specific components 
(bare printed circuit board and plastic enclosures) to co-locate with its final  
assembly plants for rapid response in regional markets. Flextronics has one industrial 
park in Poland and two each in Brazil, China, Hungary, India, and Mexico. In a pattern 
typical of many goods-producing industries, facilities located in developing  
countries tend to be significantly more vertically integrated than those in industrialised 
countries, where existing local suppliers and component distributors can be relied on for 
inputs. 

The sale and spinoff of in-house manufacturing and parts operations in the  
American and European electronics industries underlines the structural shift that has  
been occurring in the electronics industry from in-house production to global 
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outsourcing. The accumulation of this offloaded capacity within a relatively small 
number of huge suppliers shows the dramatic consolidation and increasing integration  
of the global supply-base. However, outsourcing, as such, does not tell the entire  
story. In the electronics industry, fast-growing lead firms with little if any in-house 
production capacity, such as EMC, Sun Microsystems, Cisco, and Silicon Graphics,  
also demanded that suppliers provide global support. And, in some key locations,  
lead firms did not necessarily have plants to sell or spin off, especially in newer  
locations like China and Eastern Europe. As a result, a great deal of the global  
expansion of suppliers in the 1990s was either ‘organic’ in character, involving  
the enlargement of existing facilities and the establishment of new ‘Greenfield’ plants8, 
or achieved through the acquisition of regional suppliers, in what some industry 
participants refer to as the ‘rolling up’ of regional supply bases to create a global 
footprint. 

Global coverage allows the largest EMS contract manufacturers to produce  
high-volume, price-sensitive products for global markets from plants in China, and higher 
value, medium-volume products in regional production facilities such as Mexico and 
Eastern Europe. It also enables them to produce a variety of products locally for regions 
containing large developing countries such as India, Brazil, and China, and to work 
closely on lowest volume, highest value products with customers in industrialised 
counties, in places like Silicon Valley. 

However, expansion in the 1990s was so rapid that the largest EMS companies 
quickly became overextended. Integrating diverse plants acquired from customers  
and competitors left these firms with excess capacity, facilities with incompatible  
factory and information systems, and too many plants in high-wage locations. Efforts  
at consolidation are ongoing, but overexpansion and poor management left  
certain companies, especially Solectron and SCI, with too much inventory in the  
system and in very weak financial positions, making them ripe for acquisition. After  
the 2001 technology bubble burst, contractors made a strong push to increase capacity  
in low-cost geographic areas, especially China, and, as shown in the next section,  
to transform regional production hubs in Mexico and Eastern Europe to produce  
higher value, lower volume products previously manufactured in the USA and Western 
Europe. 

5.3 Contract manufacturing in Guadalajara, Mexico: a production base for 
global suppliers and a shift to higher value products 

Economic downturns can have obvious negative effects on workers, companies, 
industrial clusters, industries, and entire national and regional economies9. But they can 
also provide an impetus for positive change, adaptation, better prospects for sustainable 
development for the long term, and an improved ability to weather future downturns. One 
example is the electronics cluster in Guadalajara, the capital of Jalisco State in southwest 
Mexico. The technology bubble bursting in 2001 was felt acutely across electronics 
GVCs, and the Guadalajara electronics cluster was no exception. Companies and 
facilities there went through a wrenching and rapid decline, but recovered through a 
remarkable process of industrial upgrading. This involved a move to new products and 
processes, as well as changes in work organisation and training as high-volume 
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production lines were transformed into high-mix production cells to accommodate a 
greater variety of higher value products. 

The Guadalajara electronics cluster is deeply embedded within electronics GVCs. 
With few exceptions, electronic goods produced in Guadalajara are designed and sold by 
US-based lead firms. Most are produced by affiliates of US-based global EMS contract 
manufacturers using imported components and equipment, especially from East Asia  
(see Figure 1). Almost all output is exported, the vast majority going to the USA. 

Figure 1 Position of the Guadalajara electronics cluster in electronics GVCs 
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Note: Guadalajara, Mexico 
Source: Authors’ drawing 

Until 2001 Guadalajara’s factories competed directly with those in China in the 
production of high-volume, price-sensitive items such as mobile phone handsets and 
notebook computers. Because global suppliers dominate the landscape of electronics 
GVCs, competition between locations often occurs within the global footprint of contract 
manufacturers. Thus, decisions to shift work from one location to another are taken by 
the managers of contract manufacturing firms, carried out at the request of lead firm 
customers, or some combination. During 1994–2000, the value of electronics exports 
from Jalisco State, which contains the Guadalajara metropolitan area, on average, 
increased at a rate of 35.4% per year. During 2000–2005, the average annual export 
growth rate declined to only 1.3% per year, falling in absolute terms for several years 
(see Figure 2). While a few foreign electronics firms (for example, Hewlett-Packard and 
IBM) had been operating in Guadalajara since the 1970s, a new wave of foreign direct 
investment (FDI) peaked at US$611 million in 1998 as the affiliates of global EMS 
contract manufacturers expanded in the area as part of the worldwide expansion strategy 
described earlier. Flextronics, Jabil Circuit, Solectron, Sanmina-SCI, Benchmark, and 
Foxxcon (Hon Hai) all established facilities in Guadalajara, along with a handful of 
multinational component manufacturers and a few component distribution companies to 
manage the increased inbound flow of components. Because the decline in output after 
2001 followed these huge investments, capacity utilisation dropped precipitously and 
remained low for several years. As Figure 2 shows, the nadir for both employment and 
exports was 2003. 
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Figure 2 Guadalajara ‘high-tech’ employment and exports, 1996–2009 

 
Source: CADELEC (2010) 

With new, large, state-of-the-art production facilities sitting idle, the stakes were very 
high in 2001 to 2003. Employment had grown to about 10,000 workers each at several of 
the largest plants, and total high-tech employment in Jalisco State peaked at 76,666 in 
2000. After the technology bubble burst in 2001, employment dropped by 40% to 60% at 
some plants, with total high-tech employment in Jalisco falling by 40% to 45,877. This 
downturn was more than a temporary drop in demand. In an effort to lower costs, global 
contract manufacturers were shifting high-volume work to their plants in China. There 
was no expectation that this work would come back to Mexico when the crisis abated. 
Failure to find new business would likely have meant further stagnation, decline, and 
possible plant closures. In an effort to utilise their state of the art investments in 
Guadalajara, the global firms provided the electronics cluster there a new role in the 
global industry: produce higher priced, lower volume products, often on a direct-ship, 
rapid replenishment basis to retail outlets in the USA. Examples of such medium volume, 
medium price point electronics products include low and mid-range computer servers, 
electronic fish finders for use in recreational boating, alarm systems for homes and 
businesses, and the like. 

This strategy led to a dramatic transformation and gradual recovery to pre-crisis 
levels of employment and exports. Very few of the products made in Guadalajara in 2000 
are still made there. The assembly of high volume, price sensitive products has been 
shifted to other locations, mainly China, for export back to the USA and other advanced 
country markets. Final assembly workers, therefore, have had to adapt to a much more 
complex and challenging production environment. Instead of performing one or a few 
operations on the same product for months at a time, line workers must frequently 
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perform new and different operations as a variety of products move down the line. Such 
work is much less geographically mobile. 

Materials management, for both circuit board and final assembly, also became much 
more complex, and many plants are working to adopt the most advanced ‘lean 
production’ methods for maintaining quality in the face of product variety. While circuit 
board assembly machines still feed final assembly stations in linear fashion, final 
assembly has been reorganised into ‘cells’ that hold very little inventory and where 
workers perform several tasks rather than a single task. Finally, new logistics functions 
have been added to ship small lots, often by air, directly to retailers for distribution. 
Materials management, testing, and quality assurance systems have all been upgraded 
dramatically to accommodate the vast increases in product variety10. 

The changes in Guadalajara’s electronics industry since 2001 are a striking example 
of ‘industrial upgrading’ (Humphrey and Schmitz, 2002), in which the industry shifts to 
higher value products, more advanced processes, and adds a host of new functions and 
services. However, it is important to note that many of the techniques that support these 
changes were developed outside of Guadalajara. In this way, global contract 
manufacturers can provide a powerful mechanism with which to disseminate best 
practices. On the other hand, our field research also found that local officials, plant 
managers, and workers played a powerful role in the transformation of the region. 
Finally, while employment at foreign-owned contract manufacturing facilities is now 
back to 2001 levels, local suppliers have not made the transition to the new high-mix 
product profile of production in Guadalajara, and employment has not recovered at most 
of these firms. 

The case of the transformation of the Guadalajara electronics cluster provides some 
lessons for the concept of GVC upgrading and for the prospects for economic 
transformation in locations where modular GVCs touch down. First, any neat partition 
between product, process, and functional upgrading as specified by Humphrey and 
Schmitz (2002) seems problematic because of the powerful complementarities that flow 
from product upgrading. The shift to higher value, lower volume products, in this case, 
required firms to upgrade processes to accommodate rapid changeover and to add new 
functions to control a much more complex inventory basket and to develop new 
engineering inputs to support changes. Second, rapid upgrading was possible in part 
because the skills to do so had been developed within the larger global structure that the 
facilities in Guadalajara are part of. Finally, the authors’ research found that local firms 
have not been able to adapt to the new requirements of the cluster, in part because the 
resources and knowledge to transform their plants is not available locally. These local 
firms have generally not been able to upgrade their operations in concert with the branch 
plants of global suppliers. Since many could not make the transition to high mix 
production, they have had their already tenuous linkages to electronics GVCs severed 
entirely (Gallagher and Zarsky, 2007). Nevertheless, the upgrading achieved after the 
technology bubble burst in 2001 may have provided the Guadalajara plants owned by 
global suppliers with some protection during the current economic crisis. 

6 Upgrading: pluses and minuses for developing country firms 

The advantages of incumbent lead firms with deep technological expertise, in terms of 
value extraction in GVCs, as well as the limitations for firms based in developing 
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countries, are illustrated by the well-known case of Apple Computer Inc. Linden et al. 
(2007) estimate that only $4 of the $299 retail price of an Apple 30 gigabyte video  
iPod MP3 player is captured in China, where they are assembled and tested by the  
Taiwan-based ODM contract manufacturer Inventec. The share captured by domestic 
Chinese companies is even less; probably limited to packaging and local services. This is, 
in part, because iPods are assembled from components made mostly in other countries, 
such as the USA, Japan, and Korea. But more importantly, it is because Apple – which 
conducts high-level design work and software development in-house and orchestrates the 
product’s development, production, marketing and distribution – is estimated to capture 
$80 of the sale price. This study also estimates that $83 is captured in the USA by 
Apple’s technology suppliers and by retailers. Clearly, assigning the $183 per unit 
wholesale price of exported iPods (as would be reported in trade statistics) to the Chinese 
economy misrepresents where value is created in the global economy. Similarly, a 
‘teardown analysis’ of the recently released iPad tablet computer by the consulting firm 
iSuppli estimated Apple’s gross margin for the product (the $499 sale price less the 
component costs) to be $270, or 54% (Hesseldahl, 2010). Assembly costs for the iPad 
may be higher than for the iPod, but it can still be assumed that very little of the product’s 
value is captured in China, and even less by mainland Chinese companies. 

For developing country lead firms involved in product innovation, such as the 
Chinese mobile phone handset producers and independent design houses discussed by 
Brandt and Thun in this special issue and by Imai and Shiu (forthcoming), the solution in 
technologically intensive product areas like electronics is to purchase highly modular 
design solutions from platform leaders. This allows quick market entry, but can also lead 
to several traps. First, as already mentioned and to be covered in more depth later, there 
are the high costs associated with acquiring highly functional components and 
subsystems, as well as the royalties that must be paid, directly or indirectly, to the 
platform leaders and other standard setters in the industry. Second, there is the 
‘modularity trap’, as identified by Chesbrough and Kusunoki (2001), where the highly 
integrated off-the-shelf components and subsystems provided by platform leaders reduce 
product distinctiveness. By and large, the world’s major contract manufacturers have 
been trapped in low value-added segments of the electronics GVC: manufacturing and 
iterative, detailed design. In the PC industry, most of the industry’s profits have been 
captured by branded lead firms such as Dell and Hewlett-Packard, and especially by 
platform leaders in software operating systems (Microsoft) and CPU chipsets (Intel). But 
as developing country markets grow, the space for these less than cutting edge product 
categories is expanding rapidly, providing openings for developing country lead firms 
relying on highly modular design solutions. 

7 Overcoming the limits to industrial upgrading in electronics GVCs 

Examples such as the Chinese mobile phone handset industry reveal the opportunities, 
but also the challenges and limits to industrial upgrading in electronics GVCs. On the 
other hand, there are a growing number of important exceptions that suggest that new 
models of learning through close engagement in GVCs could be emerging, with broader 
lessons for developing countries (see Yeung, 2009). As mentioned in the beginning of the 
paper, there are four identifiable models electronics companies from the developing 
world are using to escape these limitations: 
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1 global expansion though acquisition of declining brands (emerging multinationals) 

2 separation of branded product divisions from contract manufacturing  
(ODM spin-offs) 

3 successful mixing of contract manufacturing and branded products (platform brands) 
for contractors with customers not in the electronic hardware business 

4 the founding of factory-less product firms that rely on GVCs for a range of inputs, 
including production (emerging factory-less start-ups). 

The analysis in this final section is derived from the authors’ ongoing research and 
secondary sources covering very recent events and nascent trends. As such, it is more 
speculative and forward-looking and less certain. 

7.1 Emerging multinationals: exceptions or the new rule? 

The case of Lenovo, a partially state-owned Chinese PC company, shows one way in 
which lead firms from developing countries have been able to overcome traditional 
barriers to upgrading their positions in GVCs11. In the mid-1990s Lenovo, benefiting 
from a protected market, emerged as the largest domestic producer of PCs in China. As 
import restrictions were lifted, however, Lenovo struggled to remain competitive, as have 
most developing country national champions in technology-intensive sectors. After the 
technology bubble burst in 2001, persistent low profitability in the global PC industry, for 
the reasons described earlier, led some of the largest multinational producers to exit the 
industry, precipitating a wave of acquisitions, most notably Lenovo’s purchase of IBM’s 
huge PC division in 2004. 

The IBM purchase gave Lenovo a new headquarters in the USA with a large R&D 
centre in North Carolina; an advanced notebook computer development facility in Japan; 
three final assembly plants in China and one in India; regional distribution facilities in the 
Netherlands, Dubai, Florida, Australia, and India; and an important corporate planning, 
finance and business process development group in Singapore. The deal also came with a 
dense set of ongoing supply relationships, mainly with Korean, Taiwanese, and American 
component producers and contract manufacturers, the largest with global operations, to 
provide main boards, microprocessors, memory, disk drives, monitors, LCD screens, 
keyboards, and contract manufacturing services12. Lenovo’s new American CEO, based 
in Singapore, was a former Dell Computer executive. He led a management team with 
top executives from China, the USA, Europe, and India. While it would be wrong to 
portray Lenovo as something other than a China-based company, the structure, 
geography, ownership, leadership, supply base, and sources of innovation at the new 
Lenovo were vastly different from the national champions that emerged in Japan and 
later in Korea13. 

Lenovo can be seen as an example of a small but dynamic set of ‘emerging 
multinationals’ (Bonaglia et al., 2007), also called ‘dragon multinationals’ by Mathews 
(2002) in the context of Chinese East Asia. In many cases, such firms can fairly be 
characterised as updated, globalised manifestations of traditional national champions. 
Additional examples include other Chinese firms such as Huawei (communications 
infrastructure equipment) and Haier (home appliances and consumer electronics), as well 
as firms from countries as diverse as Mexico (Mabe, home appliances; Cemex, cement) 
and Turkey (Arçelik, home appliances). As Bonaglia et al. (2007) put it, 
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“These new [multinational enterprises] did not delay their internationalization 
until they were large, as did most of their predecessors, and often become 
global as a result of direct firm-to-firm contracting. Many grow large as they 
internationalize; conversely, they internationalize in order to grow large.”  
(p.3, emphasis in the original) 

These companies have sometimes become global by ‘rolling up’ (purchasing) smaller 
regional producers with well-known but declining brands using funds generated not so 
much by selling products or services in their home markets but by acting as suppliers to 
existing multinationals, tapping into international capital markets, and producing and 
selling globally. 

What remains to be seen is whether these examples are exceptions that prove the rule 
or the vanguard of a new wave of multinationals with roots in the developing world. 
Whatever their prospects, they will still have to contend with very large and powerful 
incumbent players. It is notable that all of the emerging multinational mentioned here, 
with the exception of Huawei and perhaps Lenovo, work in extremely mature product 
areas. It is not surprising, then, that these firms have had the most success in burgeoning 
emerging economy markets, were low costs are more important, for the moment, than 
high functionality or product quality. It also remains to be seen whether companies from 
the developing world can prosper in the lead firm position without building up deep 
internal expertise in market and product definition organically or whether such expertise 
will continue to develop once it has been captured through acquisition. In some cases, 
however, such as Lenovo, the learning curve seems to be extremely steep, in part because 
research and design centers and other expertise acquired in advanced economies has so 
far functioned effectively within the firm. In other cases, such as Huawei, burgeoning 
sales, driven by market growth in the developing world, provides them with a high level 
of buyer power that has won them the ardent attention of advanced component producers 
around the world. 

7.2 Contract manufacturer spinoffs: settling for scraps or setting the agenda? 

The recent economic crisis came with a set of significant successes for a set of  
Taiwan-based ODM spinoffs, branded factory-less lead firms that have become legally 
independent from their former ODM contract manufacturing arms. Acer pioneered this 
model when it separated its branded PC business from its ODM contract manufacturing 
(Wistron) and PC peripherals (BenQ) businesses in the early 2000s. By doing so, the 
company successfully avoided competing with their ODM customers in final markets and 
put Wistron into position to compete with pure-play (that is, contract manufacturing only) 
ODMs such as Quanta and Compal, which had been winning huge contracts at the 
expense of Acer. In order to create viable conditions for the contract manufacturing 
business, spun off lead firms typically make aggressive moves to use non-affiliated 
ODMs for contract manufacturing services. For example, today Acer uses Quanta and 
Compal for the bulk of its contract manufacturing services; Wistron now ranks a distant 
number three. ASUSTek, founded by former employees of Acer in 1990, followed suit 
when it spun off Pegatron in 2008. 

One case is the successful launch of ‘netbook’ computers, the ultra-low-cost portable 
PCs, by Taiwanese branded firms. Again, the market focus niche is for price sensitive 
consumers in advanced (during the crisis) and developing country markets (for the 
foreseeable future). AsusTek first developed the idea for simple-to-use and ultra-low-cost 
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portable PCs in 2006 and launched its first product, the ‘EeePC’ netbook computer, in 
2007 (Shih et al., 2008). The quick success of the EeePC set new expectations for PC 
consumers regarding PC prices and disrupted Intel’s product roadmap, as well as those of 
competitors in the notebook PC market. Intel had promoted the development of low-price 
PCs for educational purposes in developing countries, but it had not envisioned or 
encouraged the netbook product space in developed countries. Intel responded by quickly 
adapting a newer processor, the Atom, developed primarily for embedded products and 
mobile devices, for use in netbook computers and other low-cost mobile electronics. 
Traditional branded PC lead firms like Dell and HP were not developing ultra-low-cost 
machines, not least because price erosion was a perennial concern. In response to the 
success of EeePC, these firms decided to enter the netbook market as well. Among them, 
Acer is by far the most successful follower; and a sharp increase in netbook shipments 
helped them surpass Dell to become the world’s second largest selling PC brand by the 
third quarter of 2009. 

During the economic crisis of 2008–2009, the arrival of new platform solutions for  
low-cost mobile devices – Intel’s Atom chipset and Google’s Android operating system 
discussed below – have created new opportunities for contract manufacturer spinoffs to 
identify and fill underserved market niches, especially for low- to mid-range products that 
established multinationals previously deemed unattractive. In a dynamic similar to that in 
the China mobile phone handset case – where local firms used MediaTek platforms to fill 
underserved low-cost and rural mobile phone handset market niches in China  
(see the paper by Brandt and Thun in this special issue and by Imai and Shiu, 
Forthcoming) – Taiwan-based contract manufacturer spinoffs are having success in  
low-end markets in both developed and developing countries. But instead of being easily 
pushed aside when consumers demand more sophisticated products, they appear to have 
the technological capabilities, and the close working relationships with ODMs, to move 
up-market into more lucrative segments for existing ‘mainstream’ products. 

The case of low-cost PCs recently developed by local companies from Mainland 
China provides a useful contrast. Inspired by the success of MediaTek, an IC design 
house based in Taiwan called Via Technologies entered the netbook market with their 
own platform and by marketing their own low-cost PC chip-set platform to a set of small 
‘guerrilla’ PC makers in China. As with the China mobile phone handset case discussed 
in the paper by Brandt and Thun, the problem for these firms is an inability to respond 
when consumers begin to ask for more sophisticated products. The guerrilla PC makers 
cannot add new features fast enough; preliminary analysis suggests that consumers in 
China are moving to products from HP, Acer, and Lenovo when they upgrade. Again, 
developing country markets have been strategically critical for firms seeking to overcome 
the limits to industrial upgrading in electronics GVCs. 

7.3 Platform brands: leveraging modularity to define new (low-end) product 
categories? 

As discussed earlier, competing with customers has proven to be a poor strategy for 
ODM contract manufacturers. Most ODMs have either given up their brand aspirations or 
legally separated their branded product business from their contract manufacturing 
business. A few, however, have been successful in selling branded products, based on 
highly integrated platforms, in markets that are of little interest to their main contract 
manufacturing customers. One such company is ASUSTEK, which a long successful 
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business selling branded PC motherboards to ‘value-added resellers’ that assemble 
custom desktop PCs for individual end users and small companies, an especially popular 
sales channel in Europe. Overall, this sales channel has remained small and is of little 
interest to dominant PC brands. 

A more current example is HTC, a Taiwan-based mobile phone handset ODM 
founded in 1997. At first, HTC developed handsets branded with the logos of carriers 
such as Orange, 02, T-Mobile, Vodafone, Cingular, Verizon, Sprint and NTT DoCoMo 
(company website). More recently, HTC won the ODM contract for the G1 Smartphone, 
based on Google’s Android software operating system. Shortly after the G1 hit the 
market, HTC began selling its own Android-based phone using the HTC brand. In this 
case, mixing ODM contract manufacturing with the selling of branded products has not 
created a conflict because Google is not interested in generating profits from selling 
phones under its own brand. In fact, the opposite is true. The G1 was launched with the 
intention of gaining platform leadership in smartphones and other Internet-enabled 
portable electronic devices. Even Android licensing is of little interest to Google as a 
revenue-generating business. Their main goal is to provide more mobile users with easy 
access to the Internet, where Google’s search engine and other online Google services 
expose them to Web advertising, Google’s main source of revenue. In the context of 
Google’s business model, HTC branded phones are welcome. If Android takes hold in 
mobile electronics, opportunities for HTC and other firms with the design capabilities to 
become ‘Platform Brands’ could expand rapidly. 

7.4 Emerging factory-less start-ups: moving into the driver’s seat? 

Recently, a few firms from developing countries have been able to engage in pure 
systems integration, assembling system elements purchased through the global supply 
base. In this sense, they resemble factory-less start-up firms typically seen in advanced 
technology regions such as Silicon Valley, California. Such firms may or may not have a 
strong technology kernel, but they inevitably have a clear product roadmap and 
marketing strategy, and rely on a host of technology and (if needed) manufacturing 
partners to realise their finished products or services. An example from the automobile 
sector is Chery, a small state-controlled Chinese automobile company that has been able 
to develop and market a line of Chery-badged vehicles within a remarkably short time by 
making use of the supply base, both within China and in the West, These sourcing 
arrangements show that Chery is nothing like a typical car company, and that it is far 
removed from the most recent entrants to the mass market for cars, the vertically 
integrated and horizontally diversified national champions from Korea: Hyundai, Kia, 
and Daewoo (see the paper by Sturgeon and Van Biesebroeck for details in this special 
issue). 

Similar cases from the electronics industry can be found in the area of portable global 
positioning and portable navigation devices (PNDs). Until the early 2000s, the mobile 
navigation market was dominated by Japanese manufacturers such as Pioneer, Panasonic, 
and Clarion. These firms supplied automakers with very sophisticated systems with rich 
functions. Because US Government policy limited the accuracy of global positioning 
system (GPS) signals prior to 2000, the systems developed by Japanese electronics firms 
relied on comparisons of measured distance and direction travelled to on-board map 
databases. While some of these systems were sold as aftermarket products, many were 
supplied directly to automakers for inclusion as optional in-dash original equipment on 
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new cars. These firms worked closely with auto makers to customise products and meet 
strict quality standards. Their products had integral system architectures based on 
proprietary technologies developed in-house and were extremely expensive, as much as 
one-tenth of a car’s sale price. 

In the early 2000s, the availability of more accurate GPS signals allowed a set of 
start-up PND makers to enter the market with ultra-low-cost aftermarket products that 
quickly began to erode the profits and market share of traditional car navigation  
makers. Among the market share leaders today are Netherlands-based TomTom, US- and 
Taiwan-based Garmin, and Mitac, based in Taiwan. These emerging factory-less  
start-ups are able to produce affordable products by making heavy use of Taiwanese 
ODMs’ capabilities in designing and manufacturing portable electronics. In contrast to 
the integral architecture of in-dash car navigation systems, PNDs have highly modular 
architecture, which lowers development costs. PNDs initially cost only $500 to $1,000, 
but today TomTom’s lowest cost model sells for less than $100. This affordability 
opened up new markets, such as handheld GPS, and world shipment of PNDs grew  
from less than one million units in 2004 to more than ten million units in 2006 (Nikkei 
Electronics, 2007). While not all of these companies are fully based in Taiwan, they are 
all making heavy use of Taiwan-centred supply-base capabilities. Tom Tom outsources to 
Inventec and Quanta. Garmin was founded in the USA by a Taiwanese immigrant 
entrepreneur; R&D and production are both located in Taiwan. Mitac itself is a 
Taiwanese IT hardware company. 

Again, companies that jump to the head of GVCs in this way are quite common in the 
industrialised world. Many are started in Silicon Valley each year, for example. But 
without the backdrop of a technology cluster with the capital and intellectual resources of 
Silicon Valley, emerging factory-less start-ups may be unable to develop the deep design, 
system integration, and market-defining expertise that would allow them to compete at 
the vanguard of fast-moving markets. On the other hand, with close relationships with the 
world’s most dynamic set of EMS and ODM contract manufacturers, it seems inevitable 
that an increasing number these firms will meet with success over the long term. 

7.5 Crisis and convergence 

The recent economic downturn has created a seemingly conducive climate for the 
implementation of these new models, as shown by the following scenarios. First, 
traditional Intel customers, the branded PC lead firms, were displeased with the sudden 
arrival of small, portable netbook computers selling for less than $300, but Intel’s quest 
for business during the crisis may have allowed it to overlook the objections of its 
traditional customer base. Even without Intel’s cooperation, the appearance of excess 
Celeron stock in distribution channels provided the first opportunity for ASUSTek’s 
EeePC. Second, the economic downturn introduced a new cost-consciousness among 
consumers in developed countries that made netbooks and PNDs attractive options. The 
downturn also heightened the search for new markets, and those with the greatest 
potential for growth are in developing countries, where netbook computers and PNDs 
may serve as ideal entry-level machines. 

In the past, PC standard platforms were largely used in PC-related products, and 
ODMs were mostly confined to that market. Very recently, the arrival of highly 
functional but low-cost platforms like the Intel Atom chipset and Google’s Android 
operating system is driving product convergence in netbooks, smartphones, and PNDs. 
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Intel’s Atom chipset, for example, is being used in netbooks, PNDs, embedded systems, 
and the new Google TV platform. This may be disrupting the status quo and improving 
the competitive position of ODMs. The introduction of new software-based platforms 
from companies with no direct prior involvement in the PC industry, such as Google, 
may be opening up new strategic space for ODMs. By combining new platforms with the 
capabilities of ODMs, lead firms appear to be able to quickly launch products that cross 
traditional product boundaries. In this way, convergence is creating a broader market for 
both ODM contract manufacturing services and new opportunities for platform brands 
and contract manufacturer spinoffs. These trends may finally steer the Taiwan’s 
electronics industry out of the (albeit very large and expanding) cul-de-sac of PC design 
and manufacturing and into the larger innovation system of the electronics industry. 

8 Conclusions 

This paper has summarised the evolution of GVCs in the electronics industry and 
highlighted some recent developments that have come into focus during the 2008–2009 
economic crisis. It shows the increasingly important role the electronics industry has 
played in GVC formation since 1988 and the growing pull of developing country markets 
on the industry. Three key actors were identified in electronics hardware GVCs: lead 
firms, contract manufacturers, and platform leaders. Modularity, in the realm of both 
product architecture and industrial organisation, has opened strategic space for all three 
of these GVCs actors. In particular, modularity has allowed the industry’s most 
successful platform leaders to continually stake out and hold key territory in the 
industry’s technological landscape. The strategic moves of platform leaders such as Intel, 
therefore, can trigger changes across large swaths of the industry. 

A key to GVC development, as argued here, is the emergence of deep supplier 
capabilities, most recently in contract manufacturers based in Taiwan and the USA. 
Consolidation, both organisational and geographical, has cemented the position of these 
firms as critical actors in electronics GVCs. Since the largest contract manufacturers have 
established facilities throughout the world and are purchasing huge volumes of electronic 
components on behalf of their customers, their investment and purchasing decisions 
influence industry trends in less developed countries like Malaysia, the Philippines, 
Thailand, Vietnam, and Mexico. Clearly, the crisis is causing GVCs in the electronics 
industry to undergo further consolidation. It may be that the firms in the Taiwan/China 
nexus are joining firms based in places like the USA, Japan, and Europe as key players in 
the global innovation system of electronics industry – not just the production system, 
especially as they exploit their advantages in catering to bourgeoning markets in the 
developing world. 

The experiences of electronics contract manufacturers provide examples of both the 
limits and opportunities for suppliers in electronics GVCs, and thus serve as important 
lessons for latecomer firms from developing countries. However, given the integrated 
nature of the global electronics industry, latecomer firms have to consider global 
suppliers not only as examples but as potential dominant competitors as well. While the 
barriers created by recent developers are substantial, there are few zero-sum games in an 
industry as dynamic as electronic hardware. As this paper argues, new models for GVC 
participants may be emerging that will allow latecomer firms to leverage, rather than seek 
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to supplant, the deep capabilities that have built up in the global electronics supply base 
over the past 20 years. 

If we are to draw any lessons from the long history of GVC development discussed, it 
is a lesson against stasis and for continuous change and opportunity. Assumptions about 
industry life cycles, where product segments stabilise as the industry matures, do not 
seem to apply to the electronics industry. At the same time, long exposure to the 
industry’s rapid but volatile growth and the sudden emergence of immense new market 
opportunities (for example, the PC, the mobile phone, and the Internet), has allowed 
electronics companies in the developing world to build up extraordinary capabilities. We 
need to ask, not how emerging economies can repeat the experiences of successful recent 
developers like Taiwan and Singapore, but what roles might be available in electronics 
GVCs in the future. Newcomers should seek to avoid the pitfalls and limits of GVC 
engagement and supplier-led upgrading outlined here, certainly; however, in an 
integrated global industry, this has proven to be exceedingly difficult, even for firms with 
established roles in the industry and deep expertise in their GVC niche. 

Looking forward we must instead consider the possibilities of using the same palette 
of globally distributed capabilities that firms in the industry see, as well as 
acknowledging the expanding potential for new combinations. The combination of value 
chain modularity and deep capabilities in multiple locations will continue to create huge 
opportunities for both suppliers and lead firms in electronics GVCs. Lead firms have 
options to assemble and reassemble GVC elements in new ways for new markets and 
products that did not exist even a few years ago. Dynamic change is nothing new in the 
electronics industry (see Brown and Linden, 2009). However, going forward, new 
industries and value chain combinations will inevitably include more firms – lead firms, 
contract manufacturers, component suppliers, and even platform leaders – based in newly 
developed and developing countries. We can anticipate, if nothing else, a spate of new 
lead firms born in developing countries without the expectation that they will need to 
move up the contract manufacturing ladder in their efforts to become branded companies. 
Today, more GVC elements are available than ever before, either for sale or for hire, and 
it is only a matter of time before one, and then several new, world-beating electronics 
companies arise from the developing world to dominate some as-yet-unknown product or 
market area in the ever-expanding electronics industry. We may look back on the crisis of 
2008–2009 as an inflection point where firms from the developing world began to lead, 
rather than follow, the development of the global electronics industry. Certainly, the rise 
of huge new markets it the developing world will become a significant part of the terrain 
upon which these competitive battles are fought. 
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3 While this risk-taking is a source of lead firms’ advantage over suppliers, lead firms often seek 
to pass on as much financial exposure to suppliers as possible. One such mechanism is ‘vendor 
managed inventory’, where suppliers own the parts until the moment they pass onto the 
factory floor. 

4 Markets associated with specific industrial settings are sometimes referred to as ‘vertical 
markets’, including banking, legal and accounting services, airline security, shipping,  
and so on. 

5 Exceptions include giant bicycles, which began as a supplier of ‘private label’ bicycles to US 
retailers like Montgomery Ward and eventually developed its own line of high-quality branded 
products, and to some extent Acer, which recently surpassed Dell as the number 2 PC brand in 
the world after Hewlett-Packard, the first brand not based in the USA or Japan to achieve this 
high market share (Vance, 2009). Full success with this supplier-driven upgrading model, 
however, has been elusive (Sturgeon and Lester, 2004).  

6 This section draws on Sturgeon and Lee (2005) and Kawakami (Forthcoming). 
7 Another important factor that has not been discussed here is the role of Japanese technology 

partners, which provided critical technologies and components, such as disk drives, that came 
as ‘black boxes’ or with licensing restrictions that inhibited Taiwanese firms from building up 
fully independent technological capabilities. Restrictive licensing agreements have continued 
to be important, for example in Taiwan’s flat-panel display industry (see Akinwande et al., 
2005). 

8 At Celestica, for example, 40% of global capacity expansion was ‘organic’ in nature. 
9 This section draws from Sturgeon and Dussel-Peters (2006) 
10 Increases in product variety vary by firm, but in general it has increased by several orders of 

magnitude, that is, from tens to thousands. As a result, the number of components in use have 
increased even more dramatically. 

11 This section draws from Whittaker et al. (Forthcoming). 
12 The IBM PC Division was in many ways the vanguard of ‘de-verticalization’ at IBM, and the 

focus on design and marketing and select critical technologies and capabilities (e.g., integrated 
mouse pointer technology and notebook design in its Japanese ‘Thinkpad’ design facility) is a 
prime example of what leading US ‘manufacturing’ firms had become during the 1990s 
though the process of co-evolution with their global (mostly Asian) supply-base. 

13 In 2007, Lenovo had 27,000 employees worldwide: 18,400 in China; 2,780 in the USA;  
2,040 in Europe, the Middle East, and Africa; and 3,800 elsewhere. In terms of ownership,  
45% of the company’s shares were publicly traded; 6% were held by IBM, 7% by  
investment banks, 42% by its parent company legend holdings. The Chinese Academy of  
Sciences maintained 27% ownership of Lenovo through its 65% share of legend holdings 
(Zhijun, 2006). 
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