Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

CHAPTER |I: BACKGROUND AND RESEARCH QUESTIONS

1.1 Introduction and background

Air travel with its reliability, affordability and reduced time spent compared to land
travel, is becoming more convenient for business demands that are associated

with globalisation and competitiveness.

The aircraft industry has been described by Eriksson (1995) as part of the high-
technology sector that “includes the airframe companies that are manufacturers of
the basic structure and assemble for that structure components supplied by other
branches of the aircraft industry, the engine builders and equipment manufacturers

including aviation electronics (avionics).

In this study, the civil aircraft industry forms part of the broader aerospace
industry, which is described as a technological sector covering elements such as
research and development (R&D), design, manufacture, support, maintenance,
conversion and upgrade of both rotary and fixed wing aircraft, as well as their
relevant subsystems and components (CSIR, 20083).

The aerospace market is cyclical, with the cycles being closely linked to global
economic performance. Prior to 2001, the civil aircraft industry was operating at
full capacity with high production levels. Then, a global economic slowdown
occurred. It was believed to have been aggravated by events such as the attacks
of September 11, 2001; the uncertainty in the Middle East, including conflicts in
Afghanistan and Irag; and SARS outbreak in Asia. The resulting decline in
passenger air-travel led, in turn, to a decrease in demand for civil aircraft products.
From 2005, the civil aviation sector began to recover, with civil aircraft
manufacturers planning increased production that year, with further increases
planned for the following years (House of Commons Trade and Industry
Committee, 2005).

The aircraft industry is broadly seen as an advanced, technologically complex and

competitive sector that has a strong impact on other industries and on the national
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economy, and which is therefore strategically important for strengthening national
competitiveness and international trade (Cho, 2000). This view is in line with that
of the House of Commons Trade and Industry Committee (2005), which described
aerospace as a high-technology manufacturing industry that provides high-value
goods and services to a wide range of markets. Eriksson (2006) also supports the
view when indicating that aerospace industry is the ‘archetypical knowledge-
intensive sector’, ‘characterised by complex, very high-value added products in
relatively small quantities, produced by relatively few players’, with potential for
linkages and spillover to other sectors. Eriksson (2000) indicated that “in many
industrialized countries the aerospace industry together with some high-tech
industries is strongly regarded as a source of technology renewal and thus a
strategic industry that will foster spin-off and economic development”. This has
recently been seen applying to a number of developing and newly industrializing
countries, especially in East and Southeast Asia.

Advancements in technology have played a major role in the industrial
development and economic growth of developed countries. It is acknowledged that
the civil aircraft industry in these countries has kept pace with technological
changes and has been innovative so as to remain competitive in the transport

business market.

Most developed countries have promoted the aircraft industry as an engine for
continuous economic growth and advancement in technology (Cho, 2000). This is
true for countries such as the US and France, which have succeeded in facilitating
economic growth through the development of the aircraft industry. Kleiner,
Leonard and Pilarski (1999) state that the aircraft industry is of particular
importance in the US economy as it has been one of the dominant export sectors
of high value-added goods. It also recorded a trade surplus of $21,3 billion (on
about 57% of total civil export volume) in 1995, and a trade surplus of $27 billion in
2000 (De Bruijn & Steenhuis 2004:382), which rose to a total of $32 billion in 2004
(Napier, 2005). During that period the industry was also the second largest
provider of manufacturing jobs in the US behind automobile manufacturing, with
an estimated annual average of 583 900 employees in 2004 (Napier, 2005).
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The manufacture of large civil aircraft is currently the largest single component of
Europe’s aerospace sales, accounting for over €20 billion annually (Europa, 2005).
In the EU, the aerospace industry contributed €1.9 billion to the EU trade balance
(De Bruijn & Steenhuis 2004:382, 383). However, the aircraft market is cyclical as
it is dependant on airline acquisition plans, which fluctuate considerably, especially
during times of uncertain economic prospects and global security concerns. The
industry is of critical importance in the areas of maintaining superior defence
technology, promoting rapid-growth industries, and improving productivity (Cho,
2000). For defence aircraft, demand is dependent on the defence budgets and the
procurement policies of governments, which in turn depend on geopolitical
developments and the changing perception of threat (Europa, 2005). It is essential
for the aircraft industry to have as much predictability and stability as possible in
both the civil and defence segments as the products in both these segments have
many commonalities. This increases the chances of making best use of the
knowledge base to optimise technical, human and financial resources, and
increases the likelihood of each segment complementing the other during demand

fluctuations in either one.

1.1.1 The aircraft industry

The structure of the civil aircraft industry will be used to analyse the South African
aircraft industry and its environment, including any existing capability gaps. The
aim is to establish where the South African industry fits within the structure in
terms of its technology and its current trade within the global value chain. The

industry is usually structured in the form of a pyramid as illustrated in Figure 1.1.
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Figure 1.1 The aircraft industry structure
Source: Adapted from British Aerospace: Annual Report and Accounts (1998)

The first tier, at the top of the pyramid, consists of system integrators (airframe
and engine) that have to manage a vast network of suppliers and subcontractors,
and provide customer support for the 20-30 years of product life. Currently, two
large oligopolistic groups, Airbus and Boeing, dominate systems design,
manufacturing, and sales (Chiang, 1999:264). This excludes the regional or
commuter aircraft industry, where Bombadier and Embraer have been the two
dominating producers. The first tier has the highest value-added products. Most of
the work in this area is assembling, with very little manufacturing. Upgrade and
maintenance also fall into this category. Examples of the products include the
A380 aeroplane, Rooivalk helicopter and Hercules C130. Examples of firms in this
tier are Airbus, Boeing, Embraer, Lockheed-Martin and Denel.

Major subsystems suppliers form the second tier. They supply airframe

structures, electronic components, engine accessories, landing gear, and



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

hydraulic systems to the system integrators. This tier is characterised by high
value-added products, and the main contributors are Rolls-Royce, General Electric
(GE), Snecma, Advanced Technologies, engineering company ATE and
Bombardier. Some assembling takes place in this category, and a small amount of

manufacturing.

The third tier is made up of minor subsystems suppliers, and they supply
medium value-added products such as navigation systems, computer systems,
gearboxes and aerodynamic control surfaces. Denel and Aerosud are the main
firms in this category. This is an assembly intensive area that includes some

manufacturing as well.

Fourth tier firms are component suppliers that provide parts such as valves,
pumps, electrical circuit boards, and machined engine parts. Medium value-added
products are found in this category. The main firms here are Turbomeca Africa

and Smiths. It is predominantly a manufacturing area and is assembly intensive.

The fifth tier, at the bottom of the pyramid, is made up of parts suppliers that
provide items such as shafts, rivets, un-machined castings, and some electrical
components. Only manufacturing occurs in this area, with no assembling at all.

Firms in this tier focus on low value-added products.

Construction of a civil aircraft needs extensive systems integration skills of a level
greater than computing, which is a skill of putting various pieces together
(McGuire, 1999). This supports the fact that the aircraft industry is complex and
that it is an aggregate system integrating almost all the nation’s high-technology
industry products (Cho, 2000). This statement is general for most nations,
especially when considering the fact that currently most large aircraft built today
form part of international co-operation projects where several nations’ high-
technology industries are aggregated into the assembly of aircraft, such as Airbus
and Boeing. The system is composed of electronic, electrical, mechanical, and
other subsystems, and the reliability of each subsystem’s components is crucial.
For the aircraft to be flown successfully, all subsystems have to function properly
and reliably, while also interfacing with each other in a perfect manner. This
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means that all related industries have to be well developed, otherwise it becomes
almost impossible to produce aircraft, and this is why aircraft industries occur
mostly in developed countries.

The aircraft industry has a wide impact on various other sectors, as it requires a
high level of investment and has long development times. Niosi & Zhegu (2005)
described aerospace as a high value-added sector, strongly affected by scale and
timing, with success depending on rapid technological progress and government
support for corporate R&D becoming essential. This was further supported by Cho
(2000) when he described the industry as a high value-added business sector,
based on specialised and technology-intensive labour, hence to develop or
produce an aircraft, large-scale production facilities supported by significant
investment and specialised technological labour are essential. The persistent
increase of R&D costs appears to be the major centrifugal force for the aircraft
global decentralization: the industry has been gradually implementing strategies of
international cooperation so as to reduce R&D costs (Niosi & Zhegu, 2005). This is
something that could have a positive impact for South African aircraft industry if
properly implemented.

1.1.2 Overview of the world market

Two market segments exist within the aircraft industry: military and civil aircraft.
The Aerospace and defence industry profile (DTl (SA), 2001) indicates that the
civil aircraft market accounts for about 40% of aerospace and defence industry
spending, and is divided into four segments: large civil aircraft (aeroplanes of 100
seats or more); maintenance, repair and overhaul (MRO); jet engines; and
business and regional aircraft (less than 100 seats). It further states that defence
spending generates 86.4% of the global aerospace and defence market’s value,
with civil aerospace spending accounting for the remaining 13.6% of the market’s
revenues (Datamonitor, 2005).

Most of the world large aerospace companies are located in the advanced
economies such as the US, UK, France, Germany, Canada, Japan, ltaly, Sweden
but also the former Soviet Union (Eriksson, 1995). Production-sharing and
subcontracting have become the most significant features of world aerospace
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production. This is because of the requirements to ‘offset’ costly purchases of
aircraft and the pressure to find lower-cost sources of components to lower the
production costs. This could result in technological capability being acquired by
local forms in the purchasing country should some production take place within
that country. The production network is denser and more valuable towards the
North American aerospace industries than towards Europe, which could be due to
various strategies used by the main aerospace firms such as Boeing and Airbus
(Eriksson, 2003b). The US and European markets are dominant in the civil aircraft
industry, with Boeing and Airbus Industrie being the leaders in large civil aircraft
manufacturing/assembling. The largest regional aircraft makers are Bombardier,
Embraer, and ATR, whereas Gulfstream and Textron’s Cessna unit are
manufacturers of business jets. Gulfstream has few models used as “corporate
shuttles” with a maximum of 26 passengers (an example being Gulfstream III).

Pratt and Whitney, General Electric (USA), Rolls-Royce (UK), and Snecma
(France), who together have more than 80% of the world jet engine-making
market, dominate the aero-engine sector (Hwang, 2000). Most aircraft
manufacturers also do maintenance, repair and overhaul (MRO). In South Africa,
SAA Technical is the dominant organisation for maintenance, repair and overhaul

work.

Currently, only the US, the UK and France (known as the world’s ‘Big Three’) have
the design and development capabilities to produce a complete range of
aerospace products and related equipment. The US industry has greater
economies of scale with more R&D, and the advantage of trading aircraft in US
dollars (House of Commons Trade and Industry Committee, 2005). UK, France
and Germany represent about 50% of the 429000 European aerospace
employees (Niosi & Zhegu, 2005). The two main European aerospace industries

(UK and France) are roughly similar in size in terms of sales.

Emerging economies such as Brazil, Taiwan and Indonesia have established their
own aerospace industries that could have an impact on the international market in
future should they become successful (House of Commons Trade and Industry
Committee, 2005). Eriksson (2003b) indicated that several economies in East,
Southeast Asia and South Asia (China, India, Indonesia, Singapore, South Korea
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and Taiwan), during the last decades, have targeted the aircraft industry for their
future economic development, where they have explicit industrial policies to
develop their industrial competence and technology. What appears to be important
is fostering economic development and the creation of “spin-off” effects to other
sectors leading to development of new technologies and job creation. Singapore’s
government has put more emphasis on the development of aircraft-related sectors
of the economy. Another observation is the lack of ‘internal’ intra-regional
subcontracting links within the Asian NIEs (Eriksson, 2003b).

Several other nations have varying degrees of capability in niche or specialised
markets (Hayward, 1994). Table 1.1 shows the distribution of World Top 100
aerospace companies. The ‘Big Three’ can be differentiated from the rest by the
scope of their national capabilities. However, drawing conclusions of the origin,
impact and national capabilities in the aircraft industry could be difficult because of

the increased cross-border acquisitions and mergers in recent years.

Table 1.1 Distribution of the World Top 100 aerospace companies

Country Ownership of the World Top 100 aerospace companies
USA 47
UK 12
France 7
Japan 6
Germany 3
Canada 3
Sweden 3
Others (including

South Korea and 19
Brazil)

Source: Adapted from Flight International 13" August, 2002

The size of some of the national industries is indicated in Table 1.2.
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Table 1.2 Estimates of aerospace industry sales and employment, 2003

Country Sales (million pounds) Employees (000s)
USA 91 000 475
France 17 000 106
UK 17 000 124
Germany 11 000 75
Canada 9000 76
ltaly 7 000 38
Japan 7 000 30
Spain 3000 23

Source: Based on House of Commons Library estimates and Aerospace and
Defence Industries Association of Europe, Facts & Figures 2003, 2004 (in House
of Commons Trade and Industry Committee, 2005)

A strategy for an aerospace industry in South Africa indicates that the international
aerospace market is growing and is expected to continue increasing (DTl (SA),
2003). Datamonitor (2005) indicates a growth of 5.4% in 2004 for the global
aerospace and defence market. It further indicates that passenger traffic is
expected to increase at about 4.7% per annum, whereas the number of aircraft is
expected to increase at about 3.1% in the near future (DTI (SA), 2003). The total
number of civil aeroplanes in the world is expected to double to about 28 400 over
the next 20 years as a result of business demands associated with
competitiveness and globalisation — increased business travel, the growing
affordability of air travel, and the desire for time saving. This is supported by
Figure 1.2, which shows the general growth in air traffic between 1970 and 2001,
and the growth forecast beyond that period, to 2020. Boeing forecasts a growth for
the African market from 641 aeroplanes to about 1 000 aeroplanes over a 20-year
period (Reuters News, 2004). The increasing demand for new aeroplanes
encompasses the need to replace old ones. The market demands increasing
technical complexities associated with newer technologies and must build on
aspects of safety and security in line with the current trends or society’'s

expectations.
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After a drop in civil aircraft orders in 2001 following the September 11 attack on
the World Trade Centre (Boeing experienced a drop in orders of 45% and Airbus
28%), orders rose again in 2003 and 2004 (DTl (SA), 2001). Boeing developed the
long-range, fuel-efficient, mid-sized, 7E7 Dreamliner (to be launched in 2008),
while Airbus countered with its A380, a 550-passenger aircraft. Airbus also
announced plans to build the A350 (due in 2010), which is intended to compete

directly with Boeing’s 7E7 Dreamliner.
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Figure 1.2 General growth in air traffic

Source: DTI (SA), 2005. Positioning the South African Aerospace Industry as a
Priority Sector: Presentation July 2005.

Airbus (which is European) continues to increase its market share of aircraft
manufacturing. Its global customers include Lufthansa (German) and Air France.
Its strategy at the time when the three major US civil aircraft manufacturers
(Boeing, McDonnell Douglas and Lockheed Martin) dominated the market, had

10
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been to find and exploit a niche market ignored by other manufacturers (Campos,
2001).

The overall development of the market for large civil aircraft and the
competitiveness of Airbus are key elements in the future development of the
European aircraft industry, which will possibly set trends for the global industry
(Europa, 2005). Airbus was less affected by problems such as the general
economic downturn, the threat of terrorism, the Iraq war and the SARS outbreak,
compared to Boeing, its main international competitor, and that has resulted in
increased market share for Airbus. It now has roughly of the same as Boeing. Its
performance could continue to improve, if the development and market
introduction of the new A380 super-jumbo is successful. Table 1.3 shows the
annual sales figures of some of the leading international aerospace manufacturing
companies with the two largest South African companies for comparison.

Table 1.3 Historical annual sales for selected aerospace companies

Annual Sales | Military Sales -
Company Country (RB)* (RB)* % Military
Boeing us 423 130 30%
Lockneed us 235 188 80%
artin

Germany,
EADS + France, Spain, 210 52 25%

Italy
BAE Systems | UK 174 139 80%
Raytheon us 156 125 80%
Northrop us 79 56 70%
Thompson o
CSF France 62 43 70%
Finmeccanica | Italy 35 17 50%
Embraer Brazil 15.8 2.5 16%
Denel Aviation | SA 1.6 1.4 88%
SAA °
Technical SA 22 0 0%

* RB: Billion Rand

+ EADS: European Aeronautic, Defence and Space Company

Source: CSIR 2003. ASSEGAI (Hatty: International data circa 2000, Domestic
data circa 2002)

11
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A recent trend in the international aircraft industry has been the merging of firms in
different countries as a strategy to increase the size of their business and to
position themselves better within the global value chain. EADS is one such
example. It was formed following a merger of Daimler Chrysler Aerospace
(German), Aerospatiale Matra (French), CASA (Spanish) and Alenia (ltalian).
Boeing also undertook a merger, with McDonnel Douglas, also from the US.

A merger is undertaken for the following reasons (DTI (SA), 2003):

¢ The high cost of developing new technologies

e The high cost of designing, developing and producing a new aircraft

e The intense competition and high cost of marketing new products entering the
global market.

It has become essential for firms, and even countries, to join forces, as the

resources needed for designing, developing, producing and selling new aircraft are

extensive.

The military aircraft market accounts for 60-80% of aircraft sales in most
developing countries (Hwang, 2000). The remaining 20—40% forms the civil
aircraft market in these developing or emerging economies, and it consists mainly

of component or parts supplied to the developed nations under contract.

The immediate impact of the September 11, 2001 attack on the World Trade
Center has reduced customer demand in the airline sector. This problem spilled
over into the aircraft-manufacturing sector, resulting in severe cuts in civil aircraft
production in the US market. Increases in military spending provided only a small-
to-moderate counter balance to the decline in civil output. These events occurred
at a time when production cuts were already planned due to a slowing economy
and the gains made by non-US producers in most of the industry’s market
segments, such as Airbus in the European market (September 11 effects on
aerospace industry, 2003). The US government provided large state subsidies to
their airlines after the September 11 attack, as a way of compensating losses and
assisting in stabilising the market. The US government further placed an order
worth US$ 200 billion, which helped to generate growth in the industry. The
military aircraft industry has been stimulated by the ongoing war in Iraqg.

12
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The September 11 attack had the effect of increasing the level of spending on

aircraft security as never before. This has significant implications for civil aircraft

manufacturing:

e There is an ongoing demand for components that relate to avionic security

e A larger demand now exists for air defence systems, for both military and
civilian aircraft.

As a result of the attacks, airframe and power-plant manufacturers investigated

various aspects such as technological security, which has had a tremendous

impact on the aircraft business.

The US government has been very involved in this process since the September
11 incident. At defence companies, substantial additional security measures have
been implemented, which might eventually lead to denying market entry to firms
from other countries (September 11 effects on aerospace industry, 2003). The
recent growth in aviation has been more of defence systems than of civilian
systems. However, the experience gained from defence system processes should
somehow be adapted for the development processes of civilian systems. Apart
from pure national security concerns, other governments see the aerospace
industry as a producer of a variety of leading edge technologies (McGuire, 1999).
This leads to question regarding the extent to which government should tolerate
technology transfer implied by the creation of strategic alliances among aerospace

firms.

Aircraft manufacturers have begun redesigning security processes and
technologies, such as the strengthening of cockpit doors. Additional methods of
communication between crew members, ground stations and other aeroplanes are
being investigated, and they might become a requirement for all aircraft. Attention
is being paid to making aeroplanes more resistant to firearms, taking into account
traditional concerns about adding more weight to the aircraft. More likely, critical
systems will be modified to allow for greater hardened sheathing of critical nodes,

cables and wires.

For firms to remain competitive in the global market, they require investment in

new technology; a far-sighted, broad-spectrum design orientation; and the

13
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negotiation of trade agreements that make aircraft products competitive. At this
stage, a greater government intervention in the entire aerospace industry is
required. Recovery from the effects of the September 11 incident has depended
on the ability of significant elements of the aerospace supply chain to absorb the
full impact of the civil aircraft sector nose-dive. The recent concerns about aircraft
security call for an investigation into whether the South African aircraft industry
should start looking at avionic security and information communication technology

in the industry as a possible niche markets in the near future.

1.1.3 The African aircraft market and investment

Africa Trade Issue Brief (1995) indicates that sales of US aircraft and aircraft parts
to sub-Saharan Africa for the four years prior to 1995 were approximately US$ 289
million. US aircraft firms continue to see a lucrative market in Africa. This has been
confirmed by Boeing which views the current market outlook for Africa as good,
with a forecast growth from 641 aeroplanes over a 20 year period to about 1 000
aeroplanes (Reuters News, 2004). Boeing aims to increase market share across
the African continent, where its aircraft currently make up 78 percent of the fleet.
South African firms, with an excellent track record in both manufacturing of military
aircraft and supply of civil aircraft components, have an opportunity to exploit the
aircraft manufacturing market, even if it means supplying on behalf of other global
firms (Reuters News, 2004).

South Africa is becoming increasingly important as a regional hub for maintenance
repair organisations serving operators flying in sub-Saharan Africa. Turbomeca
Africa, a joint venture between Denel and the French group Turbomeca, is an
African investment in the area of engine manufacturing. It will focus on products
from international firms such as Rolls-Royce and General Electric, as well as from
domestic firms, and provide support for repairs and overhauls of civil and military
helicopter engines (BuaNews, 2004). Turbomeca Africa is planning to export
engines for the Swedish and Malaysian military aircraft markets, and to overhaul
engines for the French and British ministries of defence from the year 2005. The
Bedek Group, a division of Israel Aircraft Industries (lAl), started as a small
workshop for the maintenance of military aircraft. It has since developed into the
world’s leading enterprise for overhauling and converting passenger aircraft (The

14
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Israeli aircraft industries Quality Translations Job 31401). Civil aviation exports
generate almost 90% of IAl's US$ 500 million annual sales.

For 2000-2005, capital expenditure by the Airports Company South Africa
(ACSA), a state-owned corporation and the largest airport operator in South Africa,
has been projected at US$ 234 million (Info Reporter, 2004a).

1.1.4 The South African civil aircraft industry and the national economy

South Africa has to develop a competitive, sustainable, fast-growing economy that
creates national prosperity (Canta, 2003). The South African gross domestic
product (GDP) for 2000 was R900 billion, compared to R500 billion for 1995, with
50% resulting from total sales of manufactured goods. The annual average real
GDP growth increased slightly from 2.8% in 2001 to 3.6% in 2002. In 2003 the real
GDP growth declined sharply to 1.9%. Some of the main contributors to the real
economic growth rate were Manufacturing (0.7%), Agriculture (0.2%) and
Transport and communication (0.6%) (Statistics South Africa, 2003). No official
records were found regarding the aircraft sector’'s exact contribution to the total
GDP, but the industry experts believe that the contribution is less than 5%, and
that it is reflected in the manufacturing and transport industry contributions shown
above (AMTS, 2003). The export figures of the South African aircraft industry in
Table 1.4 indicate that this industry is making a contribution to the country’s GDP
and that it has the capability to expand, as it falls under the main contributors to

the 1.9% real economic growth rate.

The mining industry sector, which historically played a major role in the economic
development of South Africa, still accounted for 7% of the total GDP in the two
years ending in 2002, although its importance later declined. Its contribution to the
total GDP declined to an average of 3.4% in the first two quarters of 2004.
However, the mining industry still remains a major employer, providing about 437
000 jobs. Energy contributes about 15% of the total GDP and employs about 250
000 people. Primary agriculture contributes about 3% of the country’s GDP and
provides almost 9% of formal employment. However, the agro-industrial sector is
estimated to comprise 15% of the GDP (South African Embassy in Sweden,
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2003). The entire manufacturing industry accounts for about 24% of the country’s
economic activity (Werksmans Attorneys, 2003).

Table 1.4 The size of the South African aircraft industry’

Aircraft (R million)?

Year 1993 1994 1995 1996 1997 1998 1999 2000
Exports 95 356 279 174 732 760 850 1774
Imports 1163 1033 1468 747 1867 2 064 3289 3892

Aircraft components (R million)

Year 1993 1994 1995 1996 1997 1998 1999 2000
Exports 45 69 120 146 217 200 380 344
Imports 268 309 315 312 528 677 744 751

Source: Trade and Investment SA trade statistics, 2002

Both the manufacturing and transport industries (including the aircraft industry)
contribute an estimated 40% of the total GDP. As indicated previously, there are
no formal records about the contribution of the aerospace industry to the total
GDP, however industry experts believe that such contribution remains below 5%.
The South African aircraft industry is believed to employ about 12 000 people
(AMTS, 2003). The real investment for automotive and transport industry (aircraft
included) was R21,084 billion in 2003, and was forecast to be R21,6 billion for
2004 (DTI (SA), 2004).

The challenge of facilitating growth depends on a dynamic and multi-disciplinary
knowledge base capable of integrating technology, management and labour.
Knowledge, innovation and productivity (important aspects in business

sustainability) become key in building a competitive industrial base.

The South African aerospace industry in general and the civil aircraft sector in

particular are high technology segments and very important to the national

' The export of aircraft is defined as exports of new aircraft to African countries or the sale of
second-hand aircraft. Imports include purchases of new and second-hand aircraft.
2

1 US$ =R7
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economy. This industry can help produce a large amount of innovation — new
products, processes and services, that will enhance firms’ ability to gain global
market share, create entirely new markets, or lead to a more productive use of

resources (National Science Board, 2003).

1.2 General overview of the South African aircraft industry

1.2.1 The South African aircraft industry and its market

The South African aircraft industry has about 220 companies of which the majority
are SMEs. The dominant South African aircraft companies are Denel; Aerosud;
Aerospace; Maritime and Defence Association (AMD), SAA Technical (a
subsidiary of South African Airways); Advanced Technologies and Engineering
(ATE); Grintek; and International Aviation Support (IAS). In 1999 the Department
of Trade and Industry (DTI) SA carried out a study to assess the aircraft industry’s
contribution to growing the South African economy. The study revealed that the
aircraft industry produces annual sales of more than R5 billion, employs about 12
000 people and uses R2,520 billion in capital, while about 25% of the industry is
very closely related to the defence industry (TISA, 2002). The South African
government owns the largest companies in the industry, South African Airways
(SAA) and Denel (made up of Denel Aviation, Denel Airmotive, Kentron and Denel
Aviation Transport Aircraft Maintenance) which account for about two thirds of the
industry’s output. The industry is mainly concentrated in Gauteng near OR Tambo
International Airport, although some companies are based in the Western Cape

and Kwazulu-Natal.

The purchase of 21 Boeing 737 aircraft by South African Airways (SAA) to
upgrade its fleet resulted in a number of opportunities for the development of the
local aerospace sector. The first three Boeing ‘Next-Generation’ 737s were
delivered to SAA in July 2000. The total investment of this purchase was
estimated at US$ 1,8 billion. Boeing relocated some of its machining operations for
the manufacture of aircraft components to local companies and committed to
providing aircraft maintenance work to a South African company (NIPP, 2002).
The subsequent contract for the supply of 41 aircraft to SAA by Airbus, further
benefited the aerospace industry with approved projects including the
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development of a non-destructive testing centre in association with French
multinationals. Opportunities for local companies to supply aircraft components to
Airbus and to be involved in the development of the A400M transport aircraft,
scheduled to be released in 2006, also arose from this contract (NIPP, 2002). The
contract involved an investment of US$ 3,5 billion by Airbus to renew SAA’s entire
fleet of 41 aircraft over a period of ten years — three A340-600s were to be
delivered in the fourth quarter of 2002 and another four by the third quarter of
2003. The remaining 34 aircraft — a combination of A340-600s, A340-300Es,
A320-200s and A319-100s — were scheduled for delivery between 2005 and 2012.
SAA later considered cancelling plans for buying 15 single-aisle Airbus A320-200
aeroplanes that were due for delivery in 2010, following a R8.7 billion trading loss
following currency fluctuations. It considered leasing 11 single-aisle A319-100s
and 5 twin-aisle A340-300s to avoid further losses (Brand, 2004).

The aircraft sector has been characterised by huge capital investments (such as
the Boeing and Airbus purchases indicated above) associated with business
development, substantial research and development associated with technology
development, and long product development periods (sometimes more than a
decade) from the inception of R&D to final product delivery. These are challenges
that the country has to face given the inadequate resource base, in order to realise

opportunities and facilitate growth.

1.2.1.1 Market focus prior to 1994: Military market development

In most developing countries, the military aircraft market is the major market with
60—-80% of aircraft sales in the aircraft industry (Hwang, 2000). The South African
government, prior to 1994, promoted the military sector of the aircraft industry by
providing financial support, as part of a strategy for growth. Between 1989 and
1994, and up to 1997, the South African defence budget was cut by more than
50% in real terms, with most of the cuts coming from the procurement budget,
which was cut by nearly 70% in real terms during the same period (Corporate
performance and military production in SA, 2003). With the change of South
African government in 1994, government spending priorities changed from
defence to social upliftment.
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By the end of 1997, the military budget had been reduced to about 1.6% of the
gross domestic product. In anticipation of these changes, a plan was formulated,
to convert the defence industry from a manufacturer of military products only, to a
manufacturer of civilian products as well. Military aircraft sales still represent 60%
of the total aircraft industry sales even with the decrease in military budget. In the

military aircraft market, government appears to be the largest customer.

Prior to the changes of focus from a military to a civil market, South African firms
had shown their skills in military aircraft development. One such example was
Aerosud, a firm that was widely acknowledged for its track record on major
developments such as the Rooivalk attack helicopter and the Cheetah fighter
aircraft. It was highly successful in building systems integration capabilities for
military aircraft, and executed refurbishment and upgrade programs as well. Such
capabilities covered a broad area of aeronautical activities such as overall
conceptualisation, system engineering management, and the integration of effort
across organisational boundaries for complex multi-disciplinary programs. The
company used these existing capabilities as the basis for further learning, which it
had the advantage of applying in civil aircraft development. Aerosud was the main
contractor and overall airframe and system design leader for the Mirage re-
engining program, which involved the installation of the Russian Klimov RD33
engine as used in the Mig29 fighter. The Mirage F1, and the Cheetah D (Mirage Il
variant), which were the prototypes produced, were successfully flight-tested and
both displayed excellent performance characteristics. Denel successfully

assembled the Italian MB326 (Impala) trainer jet, under French license.

1.2.1.2 Market focus post 1994: Civil market development

The civil aircraft market in South Africa consists of civil transport, helicopters,
business jets, commuter or regional aircraft and general aviation. With the move to
a civil aircraft market, most firms that previously focused on military aircraft
development, now tend to have capabilities in both military and civil aircraft
development. In the civil and military industries Aerosud, Denel, and International
Aviation Support (IAS) dominate the South African market. Table 1.5 shows some
of the South African aircraft firms that contribute to the military and civil aircraft
markets. IAS supplies aircraft engines, spares, components, tyres, oils, fluid,
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lubricants, tools, and maintenance for the South African market, while Aerosud

and Denel have a global market.

Table 1.5 Some South African aircraft firms®

Company hame

Additional company information

1. Denel

1. Denel generates about US$ 536m sales per annum, and
has about 10 500 employees. Most of its dealings are with
BAE systems (30% share) and Turbomeca France (50%
share).

2. Aerosud

2. Aerosud has more than 200 employees and its major
dealings are with the US (Boeing contracts). Sales are about
US$ 25m per annum.

3. Grintek and

3. Saab (Swedish) owns about 49% of Grintek. Markets

Avitronics include Europe, the Middle East and Africa. It employs about
Defence 1 300 people, with a capital investment of US$ 2.4m.
industry | 4. AMS 4. AMS, with about US$ 3.7m in capital investment, employs
(Aerospace about 85 people. Most of its dealings are with BAE systems.
Monitoring and
Systems)
5. Reunert 5. Reunert’s major markets are Germany and the US with
sales of about US$ 700m per year.
6. International 6. IAS supply local industry with aircraft engine and parts.
Aviation Support
(IAS)
1. Denel 1. Same as 1 above.
2. Aerosud 2. Same as 2 above.
3. SAA Technical | 3. SAA Technical employs about 3 200 people, and deals with
France and the US on the Airbus and Boeing contracts
L. respectively. Has recently invested US$ 1.9m for improving
Civil facilities, with sales of about US$ 30m.
industry

4. 1AS

4. Same as 6 above.

5. Aeromax

5. Aeromax is a SA-based US firm and also an approved US
govt supplier (90% of its business).

6. U-Play Hobbies

6. U-Play Hobbies supply private aircraft engines and radios.

Source: Mayindi and Kachienga (2008)

Since 1997, Denel’s group sales have increased by 14,4%, from some RS billion

to R3,446 billion. In the same period,

sales revenue from exports increased by

107%, from R613m to R1,269 billion in 2000. Exports account for 37% of Denel's
sales, while in the case of Aerosud, 90% of its business is export orientated.

Table 1.4, shown previously, indicates the import and export sales figures of the

® Most firms don't give out sensitive, confidential company information. This table includes the only
available information.
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South African aircraft industry and demonstrates market size. Both Denel and
Aerosud have strong aircraft structures capability on both the civil and the military
side. There are several other aircraft firms in South Africa such as Aeromax and
U-Play Hobbies that fall outside the civil transport market. Aeromax is a
manufacturer and distributor of aircraft for training purposes, while U-Play Hobbies
supplies engines and radios for private aircraft. The area of sub-contracting major
international aircraft manufacturers or their suppliers has had major successes.
The local companies have been successful in manufacturing auxiliary drive

gearboxes, flaps, rudders, landing gear and pylons for aircraft.

About half of the companies in the industry are involved in the maintenance of
aircraft. SAA Technical Division and Denel are the largest in this field, with high
technical aircraft maintenance skills and facilities. SAA Technical has one of the
best-equipped technical facilities in the world and performs third-party work for 47
airlines (TISA, 2002). One of its hangars is about 3600 square meters, which
makes it the largest in the southern hemisphere. Figure 1.3 shows an SAA
Technical hangar where maintenance takes place. In the past, prominent
international airlines doubted the technological capabilities and competencies of
firms from developing countries, but recently a record number have entrusted
highly complex maintenance tasks to SAA Technical. SAA Technical offers its
services at highly competitive rates. The sales for SAA Technical are over US$ 30

million per annum. SAA Technical has a staff complement of about 3 200.

e 18 e O ——

Figure 1.3 An SAA Technical hangar
Source: SAA Technical: Presentation to SA aerospace industry contributors, 2003

The aircraft modifications section is the smallest portion of the industry. There are
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a large number of small and medium enterprise (SME) suppliers to this section of
the industry.

Denel’'s Aerospace and Military Division specialises in the design and construction
of helicopters and other military aircraft while Denel's Airmotive Division
specialises in the maintenance and modification of aircraft engines. DATAM s
another key firm for aircraft maintenance, upgrades, modification and aircraft
refurbishment, and a number of smaller companies such as Aerosud and Execujet
also specialise in some of these fields. Grintek is the major company for civil and
defence avionics. In 2004, Grintek announced that it had secured two contracts
worth approximately R134 million to supply 18 multi-sensor warning systems for
the Malaysian government’'s new Sukhoi fighter aircraft (Info Reporter, 2004b).
This is the kind of on-going exposure that is needed for the development of the
civil aircraft industry. On the civilian side, Grintek would also supply and install
instrument landing equipment to a civilian airport in Malaysia. This project would
be carried out by Avitronics, the joint venture company formed by Grintek and
Saab (Sweden).

The South African aircraft market has specific competitive advantages (TISA,
2002):

e The availability of aircraft maintenance skills and facilities

e The availability of modifications skills and facilities

e The availability of upgrade skills and facilities

e The availability of design and manufacturing skills in the area of helicopters

e Low labour costs

e Strong support from the avionics and information telecommunication industries
e An aviation hub for Southern Africa

e A number of existing aviation training centres

e A number of FAA and JAA certified companies

e Enough space for business premises.

The competitive advantages of the South African aircraft industry need to be

exploited further to achieve higher levels of national growth. This study will explore
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ways in which such competitive advantages and capabilities can be fully exploited
to achieve the intended growth through technology and business development.
Appendix 1 highlights some of the capabilities of South African aircraft firms (TISA,
2004).

The business growth prospects for the South African aircraft industry appear to be

in the following fields (AMTS, 2003; TISA, 2002):

e Aircraft maintenance

e Aircraft conversions, of military and civil aircraft

e Aircraft modifications, including aircraft upgrades, refurbishment and
conversions

¢ The manufacture of components and sub-system levels

e Upgrading of existing skills for composites, rotor-wing propeller blades,
avionics, gearboxes and interiors

e Sub-contracting and third-party work

e The Industrial Participation Program (IPP), offered by the South African
government through the DTI in support of investment or trade in South African

industries.

South Africa’s global market includes Europe (France, Germany, Switzerland), the
US, the UK and Africa. Most of the business comes from imports of new and
second-hand aircraft and the export or supply of subsystems and components.
When assessing the status of South African firms with regard to their international
joint ventures and strategic alliances, Europe (UK, France, Germany) accounts for
40%, followed by the US with about 30%, and the rest of Africa making up the
remaining 30%. South Africa has a bigger export market to African countries for
the sale of second-hand aircraft, which accounts for about 90% of its entire export
market in that field. Aircraft parts are mostly exported to Algeria (32.1%), the US
(19.2%) and Nigeria (10.1%), whereas most aircraft parts for complete aircraft are
imported from the US (60.6%), the UK (15.2%) and France (12.5%). Complete
aircraft are mostly imported from the US (88.8%), the UK (3.2%) and Switzerland
(2.9%) (DTI (SA), 2003).
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The South African aircraft industry provides about 12 000 jobs (AMTS, 2003). A
variety of excellent engineering skills exist in aviation and a number of aviation
training schools and pilot academies, such as the Aerosud Academy, are in place.
The world's major carriers hold the industry's technical proficiency in such high
esteem in that maintenance service is conducted for most of the international
airlines. Of the 3 200 employees at SAA Technical, about 1 300 are highly
qualified technicians with skills in avionics, mechanical, structures, component
overhaul, line-station checks and a host of other highly technical aviation activities
(TISA, 2002).

Sports aviation forms part of the development of the aircraft industry in South
Africa. An Aero Club has been established, which is involved in development
programmes aimed at exposing the previously isolated communities to aviation. It
liaises with the Department of Sport and Recreation (Thomas, 2002). The club has
about 5 000 affiliated members, and a body that oversees the overall safety of the
flying activities and liaises with the Civil Aviation Authority on sport aviation issues.
Experience and learning from technology development within the ambit of sports
aviation could have long-term benefits for the development of the civil aircraft
industry, especially in experimental aircraft programmes and the promotion of
safety.

1.2.2 The influence of the national environment on the South African aircraft
industry

Porter (1990) examines the role played by national policies and the environment in
shaping the capability building of key firms in the creation of national
competitiveness. How the national environment shapes the South African aircraft

industry can also be assessed.

1.2.2.1 Production factors

Production factors fall into a number of broad categories, such as human
resources, physical resources, knowledge resources, capital resources and infra-
structural resources. These factors can be further differentiated into two types —
basic and advanced factors; and generalised and specialised factors.
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Because of the large financial layout involved with aircraft maintenance, there are
a number of funding institutions, government departments (ministries) and various
levels of personnel that influence the selection process. Decisions within the
decision-making chain can be quite political where large contracts are at stake,
especially for a historically disadvantaged country like South Africa that is a
relative latecomer to the international aircraft industry. It is very important to place
the maintenance facility (infra-structural resources) at an easily accessible city: in
South Africa, most aircraft firms are situated near OR Tambo International Airport.
This kind of situation can play a decisive role in the customer’s choice of supplier.
The factors outlined above, and how they impact on the South African aircraft
industry, will be explored further during the data collection section of this

document.

1.2.2.2 Demand conditions

The South African aircraft industry is heavily driven by exports and in the relative
absence of a local market, firms are less sensitive to domestic demand. The most
active home market is aircraft maintenance, as international airline operators need
the infrastructure available in the country during stop-overs. Most South African
firms are diversifying into aircraft maintenance and service provision as part of
their strategy to strengthen the market. The aircraft maintenance market has two
main areas of competition: heavy maintenance and minor maintenance
inspections (Denel SA, 2002). The South African industry falls within the large

area of heavy maintenance.

National carriers such as South African Airways (SAA), Ethiopian Airlines and
Royal Air Morocco have large common fleets and generally perform all their
maintenance in-house. The second tier carriers tend to have smaller mixed fleets,

and perform as much of their minor maintenance as possible in-house.

The maintenance market size for older generation aircraft in South Africa is based
on flying hours/cycles and the willingness to do scheduled maintenance. Aircraft
maintenance opportunities in South Africa tend to be influenced by global
economic activity. High economic activity results in increased civil aviation activity,

which results in an increased demand for aircraft maintenance.
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National carriers use workshops in Europe for the overhaul and repair of major
components, the sector which is traditionally the largest of the civil aviation
maintenance market in Africa (South Africa included). The reason for this could be
economies of scale. Most African operators do not have the through-put to justify
the capital outlay of setting up workshops for major component overhaul and
repair. African operators are offered favourable maintenance deals in Europe and
Asia only when there is global over-capacity in the aircraft maintenance industry.
SAA Technical is currently the major maintenance, overhaul and repair service

provider in Africa.

Demand conditions trigger domestic rivalry when domestic buyers have a wider
choice in the home market (Porter, 1990). The domestic market in South Africa is
not large enough to support its civil aircraft sector; therefore firms are not building
capabilities in the aircraft industry based on domestic demand but on global
market demand. There are also very few firms in this industry, therefore domestic
rivalry is limited.

1.2.2.3 Related and supporting industries

Firms in related industries tend to share complementary activities such as
technology development, and facilitate the flow of information or knowledge
exchange, thereby promoting international competitiveness. One example in South
Africa is International Aviation Support (IAS), which supplies aircraft engines,
spares, components, tyres, oils, fluid, lubricants and maintenance tools for the
South African aircraft market. Large firms like Denel and Aerosud could
subcontract some of their parts-manufacturing business to small firms, which can

facilitate learning and capability building within the smaller organisations.

1.2.2.4 Strategy, structure and rivalry

Domestic rivalry within the aircraft industry is not a particularly favourable option
as the really lucrative market is the highly competitive global industry. For a long-
term process of catching-up, a national champion in the South African aircraft
industry (rather than a strong rivalry) could better facilitate the large amount of
learning that is still required. The market in South Africa is very small and it is not
conducive to domestic rivalry. Denel and Aerosud work together as their expertise
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in engine component supply and airframe interior design respectively,
complements each other in terms of aircraft development, and capacity building.

Porter (1990) indicates that government plays a large role in distorting competition
in many of the prominent industries such as aerospace and telecommunications if
there is only one national rival. This is the case in South Africa, where government
previously funded the military aircraft sector (Denel). Both Denel and Aerosud are
national champions of military aircraft, and are becoming national champions for
civil aircraft. Their capabilities in both engines and airframes, which were built on
the foundation of military aircraft experience, have grown significantly over the

past years.

1.2.2.5 Chance and the role of government

Chance events* and government have an impact on the actual determinants of a
national advantage, although they do not necessarily control them (Porter, 1990).
However, nations with the most favourable determinants have a better opportunity
to exploit chance events and convert them to a competitive advantage.

Government, through its policies such as those toward capital markets, education
or the issuing of subsidies, can influence or shape national competitiveness. This
can in turn affect factor conditions. The interest by the South African government
in establishing a strategy for developing the civil aircraft industry, and also to
provide funding in that regard, could have a major impact on the capability building
and competitiveness of local firms. It is therefore the responsibility of the national
government to impose standards and regulations, making business interaction
more efficient, and to provide the communication infrastructure, the appropriate
formal educational system and the supervision of property rights (Calliano and
Carpano, 2000).

* Occurrences not resulting from a nation’s circumstances are outside a firm’s control (Lall, 2000).
Examples include pure invention, major technological discontinuities, wars and political decisions
by foreign governments.

27



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

1.3 The research problem and research questions

1.3.1 Problem statement

The South African aircraft industry (military and civil combined) is believed to be
contributing no more than 5% to the total GDP, although some local firms do
supply components or parts to foreign manufacturers, and also do aircraft
upgrades and maintenance service. Because 60-80% of aircraft sales in
developing countries are military aircraft sales, the South African civil aircraft
industry alone contributes no more than 2% to the country’s total GDP.
Nevertheless, the major efforts and contributions made by South African firms on
military projects, provide evidence that South Africa has the potential to sustain
its civil aircraft sector. Excellent performances were produced by firms such as
Denel and Aerosud, with the production of the Rooivalk attack helicopter, the
Cheetah fighter aircraft, the Mirage project, and the manufacture of the Italian MB

326 (Impala) trainer jet under French license.

The problem is that it is not known if the South African civil aircraft industry has
proper support measures or if it follows a particular framework for technology
development so as to gain global technological competitiveness. Some
technological support programmes such as the Technology and Human
Resources for Industry Programme (THRIP), the Support Programme for
Industrial Innovation (SPIl) and the Innovation Fund (IF), have been offered by
government to improve industrial technological capabilities, but it is not known if

these are enough to position local aircraft firms in the global value-chain system.

An investigative analysis was undertaken to establish if there were certain
models or frameworks used internationally, that have helped improve the
innovative and technological capabilities of the industry, and if similar models or
frameworks do exist locally to strengthen current technological capabilities. It is
also necessary to investigate if there were specific areas of intervention within
such frameworks internationally that led to the development of industrial
technological capabilities. It is believed that when key interventions or
technological support measures for industrial development exist in a structured
manner, firms have a more competitive edge and the ability to build technological
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capabilities (be it through technology transfer, imitation and adaptation, or even
innovation), and are able to participate in the global market, contributing more
towards the growth of the country.

It has been suggested that the South African government needs an aerospace
development strategy aimed at strengthening technology development and
business access to international aircraft markets (Engineering News, October
2003). At the official opening of the African Aerospace and Defence Trade Show
in Pretoria, the Minister of Trade and Industry emphasised the need for
introducing an aerospace industry support initiative to be used for unlocking
potential, which is considered key in stimulating investment and economic growth

(Engineering News, September 2004).

1.3.2 Research questions

The research seeks to address the following questions:

e Are there any specific successful models used for the development of
technologically competitive civil aircraft industries internationally?

e What are the frameworks used for the development of technologically
competitive civil aircraft industries internationally? Do they have any relation to
technological capability building (technology transfer, skills development,
infrastructure development, government support, and R&D investment)?

¢ Are there any commonalities (or even differences) among the frameworks that
have been applied by different countries?

e How do the technological competencies of the South African civil aircraft
industry compare with those of other successful countries?

e Was there a specific government policy aimed at civil aircraft technology
development in all the successful countries studied?

e What are the known attributes that contribute to less developed technology
bases in the civil aircraft industry?

¢ Are these attributes common in the South African case?

e (Can the frameworks be adapted to suit the South African civil aircraft industry?

e What can be learned from the not so successful countries?

These questions are aimed at establishing the factors that would lead to the
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successful technology development of the civil aircraft industry, while considering
the background of the South African aircraft industry and the lessons to be learned
from other countries. If the questions can be well answered and properly analysed,
they will be addressing the ‘how scenario’ of the research which is the main
question of the study, i.e. “How can key lessons from international models or
frameworks for the technological development of the civil aircraft industry be used
to develop local frameworks for building a technological, competitive civil aircraft

industry”?

1.3.3 Reasons for selecting this study

The South African government recognises the potential for the country’s aircraft
industry to contribute aggressively towards the growth of the national economy. It
has clearly indicated its intention to transform the country’s civil aircraft sector
into a well-developed, sustainable, growing, empowered and globally recognised
industry, like the successful automotive industry, by the year 2014. Aerospace
development, and the aircraft sector specifically, has become a medium- to long-
term project for the Department of Trade and Industry (DTI) SA (Engineering
News, October 2003). Some South African aircraft firms are involved in
maintenance, as well as component and parts supply to the global market, and
thus South Africa has a comparative advantage over other African countries.
Nevertheless, the South African government, through the DTI, believes that
challenges do exist, in terms of improving the technological base of the South
African civil aircraft industry. These have impacted on the national technological

competitiveness of the industry in the past.

This study has therefore chosen to analyse the South African civil aircraft
industry (civil aviation) and to propose models or frameworks for providing
additional technological support mechanisms to improve the technological base
of the industry, which is necessary for firms to become globally competitive.
Government, as a major promoter of industrial development, is interested in
strategies to reposition aircraft firms so that they can provide appropriate
technologies (through technology transfer, imitation and adaptation) and
participate in the global market, thereby contributing more towards the growth of
the country.
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The South African government and other role players need to be informed to be
able to develop policies and growth strategies that will enhance and facilitate
technology development within the industry, which will be of economic benefit to
the country. This study includes discussion of the role that the South African
Government could play as part of the solution. Private sector firms need to
develop strategies to face the challenges stated in the problem statement, and
this study could be beneficial to them.

The researcher looked at base models used by selected countries with World Top
100 aerospace companies, (listed in Table 1.1), to have a better understanding of
how they developed their industries. These were used as a basis for the
development of other models suitable to the South African situation. The countries
used as base models within the civil aircraft industry are both developed and less
developed countries, and they have produced some competitive companies that
are among the World Top 100 aerospace companies. In this way, the study looked
at international best practices for growing the civil aircraft industry and used those
as a basis to establish what South Africa could do to develop its aircraft industry

towards national technological competitiveness.

1.4 Expected contributions

The results of this study could benefit the South African private sector in identifying
business and investment opportunities. Such results could be useful when making
technology development, business development or strategic investment decisions
to steer the sector in the right direction for bridging the identified gaps within the
aircraft industry. This could enable the aircraft-business sector to strategise on
enhancing competitiveness and to reposition itself within the value chain of the
aircraft industry structure or the System Integration Hierarchy (pyramid). The
results should also provide a basis for establishing the possible linkages or
networks that could be set up to ensure that technological development and
globalisation of the South African aircraft industry are facilitated. This would lead to
the establishment of strategies to either exploit and fully develop the existing
market (component supply market, aircraft maintenance service), or to move into

other strategic areas by pursuing means appropriate for technology development.
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Firms within the aircraft industry would be able to introduce or establish
competitive strategies to be used in facing the low technology-base challenges for
participating in the global aircraft market.

The SMEs within the aviation sector that are believed not to be benefiting from
government support initiatives such as the Department of Trade and Industry’s
Industrial Participation’s Offset Programme, could benefit as this study might

propose strategic options for the entire industry, not only large businesses.

The public sector could benefit from the results, which could be used for
developing long-term policies on aircraft development and required infrastructure,
including the provision of the required support systems. The Department of Trade
and Industry (DTI), the Department of Science and Technology (DST), the
Department of Public Enterprise (DPE), the Department of Defence (DOD) and the
Department of Transport (DOT) could derive the most benefit from this study.
Lessons learnt from the various successful models used in other countries, could
be further developed for a South African perspective. New models developed for
the South African aircraft industry could assist in dealing with the issue of national
technological competitiveness. The development of competitive civil transport
could generate regional and international trade, thus stimulating national economic
growth. New policies could be developed and implemented by government to
address the issue of aircraft technology development, which could lead to local
industrial competitiveness and better access to business opportunities in the

global aircraft market.

The academic sector could also benefit from this study, especially in the area of
research, where additional or new models could be developed to add to the
existing knowledge of the aircraft industry, and science in general. Most existing
theories place emphasis on the complexity of the global aircraft industry without
outlining the empirical models or frameworks that catching-up economies should
follow to develop civil aircraft industries that are part of the global value chain. The
results of this study could contribute to bridging the existing gap by providing new
or improved theories for a strategy to develop the civil aircraft industry towards
national technological competitiveness.
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CHAPTER II: THEORETICAL BACKGROUND: THE CIVIL
AIRCRAFT INDUSTRY AND NATIONAL TECHNOLOGICAL
COMPETENCIES

The aerospace industry has been described by the CSIR’s ASSEGAI document
(2003) as covering research and development (R&D), design, manufacture,
support, maintenance, conversion and upgrade of both rotary and fixed wing
aircraft, as well as their relevant subsystems and components. Aerospace markets
fall into a number of different categories, ranging from fixed-wing and rotary-wing
aircraft to satellites and both civilian and military applications of aerospace
technology (Jackson 2004:521). This study looks at aircraft industry development
within the aerospace industry context as described by ASSEGAI above, with
special focus on the civil aircraft sector. Throughout this study, when referring to
‘aerospace industry’, the researcher will be referring specifically to the aircraft
industry, covering all the aspects mentioned in the description of the aerospace

industry above.

Delaware Aerospace Education Foundation (DASEF 2002:1) defined aerospace
as follows: ‘Aero is air and atmosphere, and Space is the region beyond the
earth’s atmosphere or beyond the solar system’. Aerospace has also been defined
as, ‘of or relating to the Earth’s atmosphere and the space beyond’, or alternately,
‘of or relating to the science or technology of flight' (Answers Corporation 2006:1).
The first part of the definition by Answers Corporation (2006) is broad, as it does
not specifically mention ‘technology’, whereas the second part clearly coincides
with this researcher’s area of study as it specifically refers to the ‘technology of
flight’. This often refers to the technology of aviation for spacecraft and aircraft. In
line with the description mentioned above, the focus of this study will be on the
analysis of the developmental approaches for the civil ‘technology of flight’,
meaning civil aviation, and how they can be used to improve aircraft industry

capabilities towards national technological competitiveness.
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2.1 Technological competence and capacity building within firms

Some studies have highlighted the importance of firms developing capabilities in
general, and the impact of the environment in which they are situated (Teece and
Pisano 1994:538; Porter, 1990). This study utilises the existing twin concepts of
dynamic capabilities and absorptive capacity, and attempts to adapt them to an
investigation of a framework for the South African aircraft industry. This will be
done to ascertain the strategies prevalent in the industry in order to generalise
them and establish their wider applicability in innovation, technology development
and the facilitation of growth within the industry.

The concept of competitiveness includes productivity, efficiency and viability.
However, the competitiveness of a country, region or firm now depends
predominantly on its capacity to invest in research, know-how, technology and the
skills that allow maximum benefit to be derived in terms of new products or
services (European Commission 1996). This theory is relevant to this study in that
it indicates the dependence of national technological competitiveness on industrial
capability, which could involve aspects such as investing in research, know-how,
skills and technology as outlined above.

“Innovation is taken as being a synonym for the successful production,
assimilation and exploitation of novelty in the economic and social spheres”
(European Commission 1996). Research, development and the application of new
technologies are key elements in innovation. Firms must adapt methods of
production, management and distribution, in order to incorporate innovation
elements. Government, through strategies such as technology-policy
development, should propose mechanisms or frameworks for initiating new
solutions to industrial competitiveness problems, and encourage the promotion of
the culture of innovation, technology absorption, global collaboration and
knowledge sharing.

“The quality of the educational system, the regulatory, legislative and fiscal

framework, the competitive environment and the firm’s partners, the legislation on

patents and intellectual property, and the public infrastructure for research and
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innovation support services, are all examples of factors impeding or promoting

innovation” (European Commission 1996).

Also relevant to this study is the theory of Tidd, Bessant and Pavitt (2001:15) that
innovation is a powerful way of securing competitive advantage and a more secure
approach to defending strategic positions, but success is not guaranteed. The
uncertainty of success includes the economics of production, as well as technical,
market, social and political forces, hence it is a trial and error situation. It is
essential that experiments are well-designed and controlled so as to minimise the
incidence of failure and, where it occurs, lessons are learned to avoid similar

problems in future.

Bell and Pavitt (1993:195) argue that in Africa, in particular, performance has
frequently declined over time, implying that an industry falls behind ever more
rapidly. If this is true, then for firms in Africa, catching-up must form part of the plan
for technological change. With a low reputation for production efficiency or product
quality/performance, technology transfer and alliances are strategies that most
firms could use to strengthen capabilities.

Lall (1990:26) argues that national technological competence cannot be assessed
‘in the abstract’, but only with reference to its manifestation in the manufacturing
sector. The concern appears to be more about productive deployment of
capabilities rather than the potential existing in things such as stocks of

underutilised capital, engineering manpower or academic knowledge.

The new theories of growth stress that development of know-how and
technological change — rather than the mere accumulation of capital — are the
driving forces behind lasting growth (European Commission 1996). These theories
indicate that authorities can influence the foundations of economic growth by
playing a part in the development of know-how, one of the principal mainsprings of
innovation. Authorities can also influence the distribution of know-how and skills
throughout the economy and society by facilitating the mobility of persons; by
encouraging interaction between firms as well as between firms and outside

sources of skKills, in particular universities; and also by ensuring that competition is
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given free rein.

Kim (1980:255) emphasises the importance of technological change, which is a
major determinant of national development. Goldsmith (in Kim 1980:255) points
out that many studies have shown that in industrialised economies, more than
50 % of long term economic growth stems from technological changes which
improve productivity or lead to new products, processes or industries. However, it
remains a challenge for less developed regions of the world to effectively use

science and technology for their economic and social development.

Technology is changing at a much faster pace in process and manufacturing
industries than in others (Sajid 1995:119). It therefore becomes important for
management at higher levels to include reshaping of human resources as part of
strategic decisions when building or maintaining technological competencies. With
technology changing so fast, it has sometimes become difficult for firms to work
alone. It has therefore become important for firms to enter into strategic alliances
to share technology, as such alliances may be critical to the continued technology
development of many industries. Sajid (1995:120) further indicates the importance
of networking and flexibility for continuous technological innovation, which

becomes critical for an organisation’s competitive success.

Speed is important when planning technological change. Teece and Pisano

(1994:538), argue that “winners in the global marketplace have been firms

demonstrating timely responsiveness and rapid and flexible product innovation,

along with the management capability to effectively coordinate and re-deploy

internal and external competencies”. This indicates the importance of a firm’s

dynamic capabilities when planning for technological change, as the firm will have

to look at various aspects:

e |ts competitive advantage in the shifting character of the environment

e How it will appropriately adapt, integrate, and reconfigure internal and external
organisational skills, resources, and functional competencies towards the

changing environment.

The theories outlined by the EU White paper on Innovation (1996); Tidd, Bessant
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and Pavitt (2001); Bell and Pavitt (1993); Lall (1990) and Teece and Pisano
(1994), all coincide with the area of study. They show the importance of
organisational or structural arrangements when dealing with innovation. Where
possible, the environment could also be shaped through such structural
arrangements. Innovation could lead to technological change, which requires
planning for aspects such as adaptation, capacity, core competencies, resources,
competition, market, environmental changes and structural changes. The
researcher found it necessary to follow a particular framework for technology
development so as to explore industrial technological capabilities from innovation
to technology application and national technological competitiveness. The link
between the involvement of the private and public sectors had not yet been

determined when structural frameworks were developed.

Technological capacity in firms is particularly relevant during planning. Pavitt
(1999) indicates that the central importance of technological knowledge and
activities embedded within firms goes beyond the necessity to generate new ideas
and innovations. It should enable the effective assimilation of technological and
scientific knowledge from outside. R&D expenditures and other indicators of
technological activity in a business reflect not only the firm’s ability to get ahead
but also its capacity to keep up. Firms need to establish the extent of this when

planning for change.

Kim and Seong (1997:383-384) argue that although South Korea’s rapid
industrialisation can be attributed to many economic, social, and technical factors,
the most important one for industry may be technological change stemming from
the accumulation of technological capability over time. Technological capability is
the combined outcome of various economic, social, and technical inputs (Kim &
Seong 1997:384). Technological capability has been broadly defined as the entire
range of human skills (entrepreneurial, managerial and technical) needed to set up
and operate industries efficiently over time (Lall 1990:17). This is the ability to
make effective use of technological knowledge in production, investment (including
duplication and expansion), and innovation, in order to sustain competitiveness in
price and quality. It is this technological capability that enables one to assimilate,
use, adapt, and change existing technologies. Technological capability also
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enables one to create new technologies and to develop new products and
processes in response to a changing economic environment. The acquisition of
technological capabilities is a skill, thus it is a learning process that proceeds at a
certain pace dependent on the complexity of the knowledge involved and the initial
capabilities of a learner. Stiglitz (in Lall, 1990) mentions that there are inherent
differences in the pace of technological development depending on the nature of
technology and the technological capabilities available, and so the technological
development process gives an additional advantage to those with a favourable

endowment of capabilities.

It appears that the technological capability of a country and the levels of its skills
development go hand in hand. A country cannot enhance its technological
capability if its labour force does not have the absorptive capacity to exploit new
technologies to the benefit of its industries (DTl (SA), 2007).

A study by Mani (in DTI (SA), 2007) on the role of government in promoting
innovation, compared South Africa, India, Malaysia and Singapore and indicated
that the Technology and Human Resources for Industry Programme (THRIP) was
unique in that it sought to address one of the most fundamental weaknesses of the
National System of Innovation (NSI), namely the shortage of technically trained
personnel. According to Mani, none of the instruments has effectively addressed
the severe shortage of skilled manpower, not only in manufacturing, but also in
research. Only Singapore has an effective innovation policy in the sense that it has
been continually fostering its research industry. It has a growing number of patents
granted to local enterprises and has one of the highest high-technology export

intensities in the world.

Lowe (1995:72,77,115) indicates that the enhancement of the relative competence
of industrial personnel in key sectors, at all levels, is an important requisite for
human resource levels to sustain growth and international competitiveness.
Otherwise, if there is no appropriate education and training policy, there will be
insufficient skills and expertise to create, design and manufacture world-class
products. For the support and development of the competitive position of particular
industries, government support could be function-specific (for example, the
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specific training of design engineers could be subsidised where there is a shortage
of such personnel) as well as task-specific (for example decision skills in the field
of technology management could be improved).

Antoniou and Ansoff (2004) believe that the creation, development and application
of technology are major forces that make firms or organisations successful, and
that those firms that remain in the forefront of technological innovations are the
ones that are most successful and technologically competent. They argue that
new technologies can be obtained through long-term investment in R&D and
capacity building, to ensure that the necessary technological expertise exists
within the firm to develop the technological products or services dictated by the
market. Firms need to guard against obsolete technologists who could fail to
forsee the next technological wave. Capacity building, therefore, is crucial within
high-technology fields such as the aircraft industry. Technological obsolescence of
technologists can become an obstacle to technological innovation. When a new
technology evolves, the existing expertise in firms could become obsolete, so
increased capacity and retraining is required to maintain the balance between

innovation and competitiveness

Burgelman, Maidique and Wheelwright (1996:34) emphasize the importance of
firms building strong technological competencies and strategic capabilities, as
these are most likely to generate innovation. Firms that develop distinctive or core
technological competencies, through which differential skills, complementary
assets, and unique routines are built to create sustainable a competitive
advantage, still need to guard against core rigidity. Maintaining technological
leadership through the command of a body of technological competencies and
capabilities can give firms a global competitive edge, and enable them to remain
successful for a long time as a result of their distinct competencies and capabilities
that are difficult to replicate. This is quite common in the complex aircraft industry

where technological competence impacts on most areas of the value chain.

Pelc (2002) argues that new technologies and their impact on economies
accelerate the evolution of the technology management paradigm, which
complements two other paradigms — engineering management and technological
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entrepreneurship. Technology advances and their association with success in
many companies, together with their impact on national competitiveness, show
that managing technology is essential for building a competitive advantage, and it
should form an integral part of business processes, organisations and strategies.
The success of technology-based firms can be attributed to their ability to match
technology to customer needs, to develop markets, to attract venture capital, and
to apply sound business practices. This is where a technological entrepreneurship
capability becomes critical, in order to support the expansion of new technology

through new business start-ups.

Most of the authors mentioned above outline the meaning of technological
capabilities and emphasize the importance of firms accumulating such
technological capabilities, as these appear to be linked to the human ability to
learn, develop, and apply technological knowledge in the competitiveness of
industry. The theory is relevant to this study as it showed the importance of
countries accumulating and investing in technological capabilities over time, to
become technologically competitive. A critical aspect still lacking in this theory is
how firms or industry attain the level where they could accumulate technological
capabilities. The researcher believes that the accumulation of technological
capabilities should be done in a structured manner, by means of a framework
outlining all the key aspects that contribute to the process. Some information was
given on how authorities could influence development of know-how, but there was
no emphasis on how the framework for technology development should be

structured so as to facilitate industrial technological capabilities.

The influence of authorities on the development of know-how was investigated by
Parker (2004:294,295), who emphasized the importance of the state’s contribution
in building competencies in science, technology and industry infrastructure, as part
of promoting industrial competitiveness. The strength of the state is usually
associated with its ability to develop and implement industry policies, including
technology development strategies, independently of major political interests. The
state—industry relationship is critical in explaining the ability of some nations to
adapt rapidly to international economic change by conquering new export markets
or upgrading technological capabilities. The existence of policy linkages between

40



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

the state and industry allows for the coordination of investment decisions for
industry. The state provides an ‘encompassing organisational complex’ that should
be able to assist industry in meeting long-term objectives and lessen the high risk
associated with the development and diffusion of new technologies and production
processes (Parker 2004:295). Lessons from East Asian economies such as Japan
have shown institutions of the state developing formal and informal links with the
private sector to enable the gathering of information and coordination activities
across a range of sectors and industries. Such lessons are relevant to the South
African aircraft industry where there is an urgent need to put in place a framework

for all the key structures linked to the process of technology development.

2.1.1The theory of dynamic capabilities

Most firms could be understood to be using their core competencies and
capabilities as a basis for building or developing their competitive advantage
(Prencipe 2000:895). Design is one of the core competencies within the aircraft
industry that is key to airframe manufacturing’s technological performance. A good
manufacturing technological performance goes hand in hand with the development
of the capabilities required for producing good technology. “Technology is
understood here as the body of knowledge underlying the design, development,
and manufacture of product” (Prencipe 2001:304). Design is a core competency,
and as such should be difficult to imitate. It should be something that differentiates
a firm. Some of the capabilities that need to be developed in-house include
developing product specifications, evaluating market requirements, integrating
component compatibility, and the application of technological advancements. It is
important that firms maintain and develop their core capabilities, so as to be
technologically competitive. This links to the area under study in that the
development of technological capabilities could lead to the development of core

capabilities, thereby resulting in technological competitiveness.

Developing countries import foreign technology. However, in order to absorb such
technologies effectively, they need some technological capabilities as a base.
Fransman (in Costa & de Queiroz 2001:3) has one of the most usual definitions of
technological capabilities. It is defined as the “skills, knowledge and experience
required for firms to pursue certain goals:
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e Search for available technological alternatives and select the most appropriate
ones

e Dominate the selected technologies, successfully using them for transforming
inputs into outputs

e Adapt those technologies to specific conditions of production and local demand

e Achieve subsequent improvements through incremental innovations

¢ Institutionalise research and development (R&D) activities

e Carry out more basic technological activities, including basic research”.

These skills, knowledge and experience form part of technological capabilities,

and are acquired and accumulated mainly through technological efforts. This

accumulation (or learning) process is known as the technological capability

building process. Technological capability building is path dependent and it can

consolidate different technological trajectories. These are given direction by

technology efforts that depend on technology-, firm-, industry-, and country-

specific aspects (Costa & de Queiroz 2001:3). This particular theory supports the

area of study in that a structural framework for technology development could

depend on various aspects that are linked to the firm, industry, country and

availability of technology. These could, however, go deeper into elements of skills,

knowledge, and experience and how these elements could be applied in building

technological capabilities.

Teece and Pisano (1994:541) developed the dynamic capabilities framework using
resource-based theories to assess the competitive advantage of a firm. These
theories indicate system integration capability building within firms. The framework
distinguishes the following three elements of corporate innovation strategy:

e Competitive and national positions

e Technological paths

¢ Organisational and managerial processes.

Although their argument emphasizes timely responsiveness for firms in the
changing environment of product innovation, along with the management
capability to effectively co-ordinate and re-deploy internal and external
competencies, the accumulation of resources seems to be the departure point for
firms in catching-up economies. However, the biggest problem facing such firms is
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that before they can acquire the resources needed to face the market challenges,
the environment changes. This is a problem that many South African firms face.

When planning for change, firms are often faced with the problems of deciding
how much to spend (invest) and how to develop difficult-to-imitate processes and
paths for new products or processes (Teece & Pisano 1994:552). Following
certain trajectories or paths of competence development is critical to central
planning, and this is where the concept of a structural framework becomes
relevant to facilitate the development of new technologies (be it in the form of new

products or processes).

The paths define the choices currently available to the firm, and also delineate
what its core competence is likely to be in the future. As a result, firms assess the
considerable changes that take place over the years. For example, the
tremendous growth in pharmaceutical products led to an improvement in the
chemical-based sectors. Another example would be the relative decline in
mechanical, electrical and electronic engineering. Firms have to decide which
long-term paths to commit to and when to change such paths in terms of existing
capabilities in order to develop their core competences.

When building strategies for discontinuous conditions, these are the number of

things that should be taken into account (Tidd, Bessant & Pavitt 2001:23):

¢ Knowledge is becoming central to competitiveness

e Impacts vary, from niches through to sectors and the economy (strong future
orientation)

e Change may not affect the entire business: firms need to establish which parts
of the organisation will be affected, and react accordingly. The availability of a
structural framework would be critical for industry to predict change and impact,
and would make it easier to take the necessary measures.

Hwang (2000) argues that the dynamic capabilities framework proposed by Teece
and Pisano (1994:539,540,541) has a weakness in not fitting well with catching-up
economies. This is because it was designed for the world frontier firms in a rapidly
shifting market with changing technologies. However, the aircraft industry has
firms from various countries contributing towards the systems integration supply
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chain, and therefore this framework becomes relevant to this study as it would
have an impact on catching-up economies.

Da Silveira (2002:229) explains dynamic capability as the ability to continuously
adapt and integrate the set of skills, resources, and competencies of the firm to an
ever-shifting competitive environment. Such dynamic capabilities have been
labelled ‘high order’ capabilities as they provide firms with the capacity to develop
other capabilities. Furthermore, dynamic capabilities enable firms to adapt to
resources and other capabilities to create new sources of competitive advantage
and explore market opportunities. Freeman and Soete (in Da Silveira 2002:229)
indicate this dynamic capabilities theory as translating practically into improved
products and processes to incorporate new ideas, technical knowledge, and
working methods. The theory goes beyond the resource-based strategy view in
that it indicates the need for coordinating and redeploying competencies rather
than the mere accumulation of assets.

Da Silveira (2002:229) specifies three types of dynamic capabilities:

e Knowledge management to acquire, disseminate, and make use of new
learning across the organisation

e Organisational flexibility to reconfigure the organisation rapidly to deliver new
products and services and work with new process technologies

¢ Innovation capabilities, mainly R&D and new product development methods, to
constantly adapt products and processes to new technologies and customer

requirements.

One major challenge to dynamic capability development, as indicated by Da
Silveira (2002:229), arises from the evolutionary nature of dynamic capabilities,
which are always ‘built’ and not ‘bought’, and so development mostly takes an
incremental rather than a radical form. For this reason, successful innovative firms
have often been characterised by strong in-house, professional R&D, and heavy

R&D expenditure over long periods.

According to Lall (2000), the dynamic capabilities perspective, when applied to a
country would “suggest that comparative advantage depends more on the national
ability to master and use technology than other factor endowments”. Dosi, Pavitt
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and Soete (1990), believe that the path a country has taken to its present level of
development has a crucial role in the determination of future growth, having
shaped its dynamic assets. Lall (2001) indicates that countries should try to
change from purely comparative advantages to competitive advantages when
these do not coincide. The comparative advantages of most developed economies
have largely been in dynamic sectors with high value-added production of goods
and services, while developing economies have mostly followed a different pattern
that relies on commodity production with a very low content of technology.
Although firms in developing countries historically lacked technological experience
or the organisational capabilities needed to enter global markets, they need not
remain in traditionally low-technology industries. They are gradually becoming

more involved in dynamic and high technology industries.

Prencipe (2001:305,306) argues that besides R&D, design, and manufacturing
capabilities, firms producing multi-technology products should develop four main
types of technological capabilities to compete successfully over time:

e Absorptive capabilities are necessary for monitoring, identifying, and evaluating
new opportunities emerging from general advances in science and technology.
This is in line with the concept of absorptive capacity proposed by Cohen and
Levinthal (1990:128).

e [ntegrative capabilities are necessary to set the requirements, specify source
equipment, materials, and components, which can be designed and
manufactured either internally or externally, and integrate them into the
architectures of existing products. These enable firms to gain a better
understanding of the underlying technologies of outsourced components so as
to control and integrate changes and improvements.

e Coordinative capabilities are needed to coordinate the development of new and
emerging bodies of technological knowledge. Such capabilities need to be
developed for the coordination of change across different bodies of
technological knowledge, and also across organisational boundaries. It is
important for firms that develop multi-technology products to keep pace with
and, more importantly, coordinate uneven technological developments to
incorporate them into new products and processes. Where firms lack in-house
capabilities for certain technology areas, the management of the relationships
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with, and coordination of, external sources becomes crucial.

e Generative capabilities are key to innovation both at the component level and
the architecture level, independently of external sources. This involves
exploratory research programmes which play a fundamental role in the
introduction of new component technologies as well as new product

architectures.

Costa and de Queiroz (2001:11) introduce an essential element of the learning or
technology capability-building process, where a distinction is made between meta-
technological capabilities and functional-technological capabilities. Three types of
functional-technological capabilities are proposed: operational, improvement, and
generation capabilities. Operational capabilities are the technology capabilities
related to efficient performance and productivity. They encompass the skills,
knowledge and experience to search, acquire, assimilate, use, dominate, and
make technology adaptations. Improvement capabilities are related to the skills
and knowledge needed for improvement, imitation, creativity and the adoption of
acquired technologies. Generation capabilities are the technological capabilities
characterised by technologically creative skills and the knowledge needed for

generating own innovations.

The literature discussed above corresponds to the area of study. It shows the
importance of linking dynamic capability-building theory to resource-based
strategy and how these compliment one another. In the theories discussed above,
there is convergence of dynamic capabilities through to technological capabilities.
These lead to the aspect of incorporating a range of issues around technology
development from structural organisation to key elements of efficiency and
productivity such as skills, resources and innovation. The effective use of existing
capacity to develop other capabilities, be they skills, knowledge, or innovation
capabilities, could eventually lead to technological capabilities. Accumulating a
wide range of technological capabilities, such as the absorptive, integrative,
coordinative and generative capabilities mentioned above, would require the
proper support structures that this study identifies as constituting a framework for
technology development. Based on the available literature, it can be determined

that the South African civil aircraft industry needs to strengthen its capabilities to
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capitalise on the business growth prospects of the industry. The South African
aircraft industry has already built a core competence in Africa for aircraft
maintenance and aircraft conversions of military and civil aircraft, which it can use
as a competitive advantage to be the main aviation hub in Africa. This was
achieved as a result of the dynamic capabilities that were built around skills and
knowledge of aircraft maintenance, and the well-established training centres that
facilitate skills development and transfer. The generative capabilities of the South
African aircraft industry were built around the design and manufacture of

helicopters, and the manufacture and supply of components and sub-systems.

Although some capabilities have been built in the area of skills and technology
development, more are needed by the South African aircraft industry. This
therefore calls for the skilled people present in the labour force of the industry to
be utilised in strategic areas where their skills could be fully exploited and
transferred accordingly, now and in the future. Although very limited in number,
these skilled people exist right across the aerospace sector, from artisans
undergoing workplace learning for production purposes, through to the scientists

working on innovative future technologies in academia and the science councils.

The literature indicates that the South African civil aircraft industry needs to build
capabilities around the development of the following technologies:

e Composite materials

¢ Alloy technologies

e Ultra-light materials.

This study was aimed at proposing an empirical framework that would fully exploit
and further develop existing technological capabilities to create more competitive
advantages and the crucial core competence to develop a national technologically

competitive civil aircraft industry.

2.1.2 Technological knowledge, learning and absorptive capacity

The study by Patel and Pavitt (1993) discusses the concept or theory of National
Systems of Innovation (NSI) and the importance of interactive learning processes
in shaping the capability building of firms. National Systems of Innovation are
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defined as the national institutions, their incentive structures and their

competencies, that determine the rate and direction of technological learning in a

country (Patel & Pavitt, 1993). Four sets of institutions exist within the National

Systems of Innovation:

e Business firms

e Universities and similar institutions offering basic research and related training

e Both public and private institutions, offering general education and vocational
training

e Governments, promoting technical change through the provision of finance and
regulation.

These four types of institutions are applicable to the South African situation within

a framework to enhance the rate, and shape the direction, of learning within the

aircraft industry.

Government needs to facilitate technological learning at individual firms to keep
pace with the dynamically changing global technology environment. Kim (1998b)
supports the theory by stating that government should provide a technology policy
framework that can address three perspectives, a market mechanism perspective,
a technology flow perspective and a time perspective, as part of the facilitation of
technological learning.

With the market mechanism perspective, the focus is on both the demand side

and the supply side of technology development. Support should be provided for

technological development in three major ways:

e To strengthen the demand side, thereby assisting in creating market demand
for technology

e To strengthen the supply side, thereby increasing science and technology
capabilities

e To provide effective linkages between the demand and supply sides, in an
attempt to ensure that innovation activities are both technically and
commercially successful.

Irrespective of the presence of both demand for innovation and supply of

capabilities, few innovations can be expected to take place unless there is good
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management of the R&D system, effectively linking demand to supply.

The technology flow perspective focuses mainly on three key sequences in the

flow of technology from abroad to developing countries:

e The transfer of foreign technology

e The diffusion of imported technology

e The indigenous R&D to assimilate and improve imported technology and to
generate own technology.

The first sequence involves technology transfer from abroad through such formal

mechanisms as foreign direct investment (FDI); the purchase of turnkey plants and

machinery; foreign licenses (FLs); and technical services. The effective diffusion of

imported technology within an industry and across industries is the second

sequence in upgrading the technological capability of an economy. The third

sequence involves local efforts to assimilate, adapt and improve imported

technology and eventually to develop one's own technology. These efforts are

crucial to augmenting technology transfer and expediting the acquisition of

technological capability. Technology may be transferred to a firm from abroad or

through local diffusion, but the ability to make effective use of it cannot be

achieved automatically. Such ability can only be acquired through indigenous

technological effort; therefore government support becomes crucial in that regard.

The time perspective indicates the impact of technology flow and market
mechanisms, which will change over time as industries in developing countries

advance through different stages of development.

Architectural knowledge is needed to inform designers about other component
specifications, such as interfaces (Brusoni & Prencipe 2001:181). This is important
in that during technological change, architectural innovation alters interfaces.
Knowledge management becomes a crucial area with regard to the enhancement
of learning and capability building within firms. This becomes relevant even in
cases of technology transfer, from the use of imported technology to the stage
where firms could generate own-technology after learning. The theories above
outline the importance of knowledge (and its management), learning, and
absorptive capacity when building technological capabilities. The National
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Systems of Innovation (NSI) theory by Patel and Pavitt (1993) highlights the types
of institutions that could shape technological learning, whereas the theory by Kim
(1998a) provides, in addition, a perspective on technological learning that touches
on technology flow, market, and time. In both instances, external factors could
impact on technological learning; therefore the availability of a structural
framework for technological capability building could supply additional interfaces
and the way in which various institutions could contribute towards the entire

process.

Technological learning is connected to the availability of infrastructural resources.
For example, it could be that there are not enough aircraft available for training
purposes due to reduced investment in aircraft, or the associated high costs. As a
result, aircraft mechanics may have to acquire some of their knowledge from study
manuals, which don’t always provide comprehensive coverage or the necessary
hands-on experience. Smrcka (2003) explains the importance of the Advanced
Integrated Training in Aeronautics Maintenance (Aitram) program for virtual aircraft
maintenance. The program offers advantages such as ‘learning by doing’, reduced
training time, reduced costs and risks, and the teaching of complex learning
material in an easy, comprehensive manner. This virtual training program has
been designed to assist engineers in becoming better equipped for routine work,
and to avoid ‘human error’ — if a mistake is made, the session ends immediately.

Boeing and Airbus are interested in the Aitram program for their staff training.

Various sources evaluate the potential of laggard economic units (countries or
firms) to catch up and converge with economic units at the frontier. Amongst these
are Dahlman and Nelson (1995), who define national absorptive capacity as “the
ability to learn and implement the technologies and associated practices of already
developed countries”. At the industrial level of analysis, Cohen and Levinthal
(1990:128) provide the most robust seminal work on absorptive capacity. Their
definition of a firm’s absorptive capacity highlights three aspects:

e The ability to value knowledge

e The ability to assimilate knowledge

¢ The ability to apply knowledge.

It is often asserted that many small and medium enterprises (SMEs) fail to exploit
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the information, knowledge and skills in the knowledge base embodied by higher
education, research institutes, and large companies (lles & Yolles, 2002). The
existing technology gap between SMEs and the knowledge base needs to be
bridged by a technology translation process whereby knowledge migration from
the knowledge base (source) to the knowledge sink (SMEs) occurs. The same
model applies when technology is transferred from one country to another. Apart
from South Africa being less technologically competent than most developed
countries, the South African aircraft industry also faces the challenge of bridging
the technology gap between SMEs and the technology base, as most SMEs suffer

from a lack of support from large South African firms.

Other researchers expound on this definition of absorptive capacity as follows:

e A firm’s ability to value knowledge depends on its prior experiences and
investments (Kim, 1997 and 1998a)

e The ability to assimilate knowledge depends on a firm’s ability to comprehend
and understand that particular knowledge and its characteristics (Gilbert &
Cordey-Hayes, 1996)

e The capacity to apply this new knowledge depends on a firm’s ability to see
innovative uses for that knowledge (Teece, 1997; Van den Bosch, Volberda &
de Boer, 1999).

“The growth and nurturing of core technological capabilities require constant
fertilizing by streams of information” (Leonard-Barton 1995:177,178). Receiving
knowledge from the market is important to a technology-based firm. Figure 2.1
shows knowledge-creating activities where knowledge is imported from the
market. Core technological capabilities can become sustainable when there is
constant information flow from the market, and that imported knowledge can be
used in other knowledge-creating activiies such as problem solving,
implementation and integration, and experimentation (R&D). This theory confirms
the need for a proper structural framework that exhibits a flow in the building of

technological capabilities.
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Figure 2.1 Knowledge-creating activities: Importing knowledge from the
market
Source: Adapted from Leonard-Barton (1995)

2.1.3 National environmental factors and a firm’s competitive advantage

Parker (2004:294,295) proposes that technology development and innovation are
related to national and local competencies. Elements of the domestic science,
technology and industry infrastructure, such as the capacity for learning and
generation of new ideas, stock of knowledge and competency in the economy,
vary cross-nationally and tend to be related to the level of participation of a nation
in knowledge-intensive activities. A study by Porter (1990) provides a framework
(Figure 2.2) for the determinants of national advantage, which explains the role
played by national policies and the environment in the capability building of firms
within nations. This framework shows four aspects of a nation that shape the
environment in which local firms compete, leading to the creation or impediment of

a competitive advantage. These attributes are factor conditions; demand

52



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

conditions; related and supporting industries; and firm strategy, structure and
rivalry. These aspects are related to each other; therefore advantages in one
might create advantages for another, thereby making the system favourable.

The study further indicates that favourable factors have to be created and
upgraded continuously because of rapid shifts in the market, in order to sustain
competitiveness (Porter, 1990). These determinants tend to be influenced by two
other variables, ‘chance’ and ‘government’. This framework is relevant to the
study, but its applicability, with or without modifications, to the facilitation of
technology development in the South African aircraft industry needs to be
assessed. What is interesting in this framework is the influence that government

seems to have on all aspects of the nation in the field of capability building.
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Figure 2.2 Determinants of national advantage
Source: Porter (1990)

Hwang (2000) qualifies Porter’s framework of national factors for capability
building to suit the South Korean aircraft industry (Figure 2.3). This framework

revises the four main elements of national environmental factors and the role of
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government in promoting competitiveness. It excludes ‘chance’, because chance
events can not be controlled in the way they influence capability building. It is only
after they have taken place that they can be manipulated.
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Figure 2.3 National factors in capability building
Source: Hwang (2000)

Davies and Brady (1998:293), indicate how patterns of technological innovation in
complex product systems (CoPS) may be influenced by policies of direct and
indirect government control to promote industrial leadership. An example is the
cellular mobile communications system infrastructure, (classified under CoPS)
where it is believed that European manufacturers have taken the lead over North
America and East Asia because of government involvement in the shaping of
domestic market structures by such means as regulation, licensing, and spectrum
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allocation policies. In addition they are supporting domestic manufacturing
interests in foreign markets by promoting national technologies as global
standards.

As previously indicated under the theory of Dynamic Capabilities, most firms use
their core competencies and capabilities as the basis for building or developing
their competitive advantage (Prencipe 2000:895). Design is one of the core

competencies in airframe manufacturing.

Davies and Brady (2000:931) explain how the suppliers of CoPS build the required
capabilities to expand and compete successfully with new products or services.
Firms can achieve ‘economies of repetition’ by putting in place organisational
changes, routines and learning processes to execute a growing number of similar
projects at lower cost, more effectively. Burns and Stalker (in Davies & Brady
2000:934) argue that firms adjusting to changing technology and markets may
adopt two ideal types of management organisation: ‘mechanistic’ and ‘organic’
organisation. In mechanistic organisation, tasks are broken down into specialisms,
with a clear hierarchy of control. For organic organisation, new and unexpected
problems continue to arise and they cannot be broken down among existing
specialist roles. Knowledge at lower levels of the organisation is utilised to achieve
the overall goals of the organisation, with communication taking place in a more
informal, less hierarchical manner. The ability of a firm to adapt to changing
business requirements partly depends on ‘absorptive capacity’, which is based on
a firm’s prior knowledge and experiences in relation to new technologies. Changes

in the environment can force firms to renew their capabilities and organisation.

Cohen and Levinthal (1990:128,129,130,131) argue that without developing,
acquiring or adapting the competencies needed for new markets, it is not easy for
firms to provide services that were previously not their core competency. It
becomes important for firms to recognise the value of new external knowledge and

information, and to be able to assimilate and apply it to meet new civil objectives.

Capability building in latecomer firms involves catching-up strategies within an
unfavourable environment with regard to technology, knowledge, skilled
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personnel, finance, market conditions, and infrastructure. For such firms to
succeed, they have to acquire the necessary capabilities from advanced
economies, make adaptations and implement incremental innovation where

possible.

In aircraft manufacturing, firms now provide finance and maintenance throughout
the product lifecycle. This includes providing other services by means of exploiting
the down-streaming opportunities. This explains the shift in focus from operational
excellence to customer allegiance. The capabilities firms need in order to move
successfully into the provision of integrated solutions include system integration,
operational services, business consulting, and financing (Davies with Tang, Brady,
Hobday, Rush & Gann, 2001).

Systems integration is one other crucial area having an impact on increasing
competitiveness in the aerospace industry. Systems integration is described as the
ability to design, produce, test, and implement large-scale complex systems
whose individual elements often utilise advanced technology components (US
Technology Policy and Trend Report, 1995). The development of technological
competencies and capabilities is critically important because of the complexity of
the component technologies involved and of the entire systems integration
process. Systems integration can be heavily affected by national environmental
factors and a firm’s competitive capabilities. The primary focus of systems
integration is to ensure that components and subsystems are conceived and
developed as integrated packages to meet an overall system design so that they
work effectively with other contributors in the supply chain to the desired outcome
(Davies et al, 2001). This is not an easy task, as the entire development process

involves coordination of the innovation activities in the supply chain.

Success in the aircraft industry also depends on design and manufacturing
strength, the price and operational costs of aircraft, and the after-sale services
available to customers. Although the number of customers may be relatively low,
they are frequently spread throughout the world (Goldstein, 2001). It is therefore
imperative for firms to capacitate themselves in line with competitive trends, and to

overcome barriers associated with national environmental factors that impact on
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global technological competitiveness. The reduction costs over time from ‘learning
by doing’ are known to be unusually high. In addition, the launch and R&D costs,
including survival risk, are also high. The aircraft industry is therefore a global
oligopolistic sector, where most of the developed economies that are currently
offering world-class aeroplanes had established aviation industries by the end of
World War I.

An aircraft ceases to be a science project and becomes a costly machine that
needs to earn its investment back once it is certified and enters production
(Engineering News, October 2003). It becomes the responsibility of the aircraft
maintenance organisation whose maintenance engineer has to maintain it in
accordance with the requirements laid down by the manufacturer. Wise and
Baumgartner (1999) state that the downstream chain, which includes financing
and leasing; maintenance; scheduling and capacity planning; catering and
servicing; parts-depot operations; refurbishment and resale; as well as aircraft

operation, is much more complex in the aircraft market than other markets.

The theory in this section discusses the influence of the national environment on
the building of technological capabilities. Government is critical in shaping this
environment. The importance of firms continually building technological
capabilities because of the changing environment influenced by the changing
technologies and markets, has also been highlighted. It becomes evident that
firms must be able to adapt to the changing environment and develop
competencies for new markets, especially latecomer firms that may exist in an
unfavourable environment. Systems integration within the development of an
aircraft industry is heavily affected by national environmental factors because of
the long chain of activities that may involve other nations. The theory indicates the
importance of building technological capabilities beyond manufacturing, so that
maintenance and the management of the value chain system become significant.
The facts above show that the availability of an empirical framework for
technological capability building is key in linking all the various aspects needed for
technology development.
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2.1.3.1 The role of government in building national technological capabilities
and competencies

Where technology policy is deemed a necessity, it is the role of government to
provide support to effectively promote, coordinate and encourage technology
development and intake, so as to provide inputs into the overall industrial policy
(DTI (SA), 2007). It is crucial that government provides a technology policy
framework that caters for the establishment of adequate and appropriate
mechanisms and/or systems to coordinate effectively all technology development
activities within the sectors believed to be key in industrial development and
competitiveness. These activities include technology awareness, acquisition,
diffusion, as well as the monitoring of global technology development trends. One
of the mechanisms used is the provision of incentive programmes to facilitate the
development, promotion and implementation of technological innovations and
ideas aimed at industrial development and competitiveness across all the sectors.
With a well-structured technology policy framework in place, it becomes easier for
a nation to identify positive and negative factors impacting on technology
enhancement, as well as mechanisms that allow for an increased innovation
capacity and technology transfer and diffusion. This leads to improved national
technological competitiveness.

International trends in technology policy indicate the following main objectives (DTI

(SA), 2007):

e To identify, promote and encourage the development of technologies relevant
to the needs of the country

e To develop a technology infrastructure to meet existing and future needs of
industrial development and global competitiveness

e To develop mechanisms for collecting, analysing, evaluating, selecting and
disseminating technology information, thereby ensuring there is a regular flow
of vital technology information to key sectors of the economy

e To employ technology for the efficient utilisation of a nation's resources

e To provide standardisation and quality systems in the production of goods and
services for the enhancement of competitiveness in local and foreign trade

e To promote the educational and professional development of human resources
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to support the needs of the scientific technology community
e Toimprove the quality of life of citizens and to protect and conserve the natural
environment
e To support the integration of technology in macro-economic planning
e To promote the inclusion and advancement of all social groups in the
technology application
e Toincrease the public awareness and acceptance of technology.
Of these objectives, the need to develop a technology infrastructure to meet
existing and future needs of industrial development and global competitiveness is
the most applicable to this study. The development of a technology infrastructure
could be guided by a framework that highlights the key elements required in

technological capability building.

Until the 1980s, government exercised direct control over the supply of CoPS
through state ownership, purchasing decisions, subsidies and protection policies
(Davies & Brady 1998:296,297). Before that, many European governments
encouraged the consolidation of strategic industries in cases where CoPS
suppliers faced strong foreign competition, where national champions were formed
from a number of existing firms in areas such as aerospace, defence and
telecommunications. To prepare them for foreign competition, these national
champions benefited in their home markets from direct government intervention
through protectionist policies such as public procurement programmes, R&D
subsidies and exclusive rights for home-based companies. During the 1990s,
government strategy changed from direct control towards market competition,
where new forms of indirect control were initiated to promote competitiveness. The
current trend in innovation and industrial competitiveness is to expose domestic
CoPS suppliers to the disciplines of foreign competition, in order to enhance
technological competitiveness. Governments continue to be directly involved in
promoting CoPS by providing subsidies (for example the EU’s fifth and sixth
framework programme) and also by being state-owned suppliers or purchasers of

equipment.

Mowery and Rosenberg (1982:171) allude to the importance of government

intervention and its support in enhancing the supply of potential innovations in the
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aircraft industry. Government policies were found to have an impact on the
demand for innovation by the civil aircraft industry, and an influence on the
structure and conduct of the air transportation industry, by providing substantial

incentives for rapid adoption of innovations.

The basic requirement for the continued growth and development of national
economies is the acquisition and creation of technological capabilities (Focus
group progress report, 2003). However, a nation’s specific economic situation and
overall social environment will shape the patterns of technological development.
Government and other sources are required to play a complementary role, since
catching-up economies lack some of the prerequisite conditions for economic
growth. Catching-up economies are characteristically faced with two tasks: firstly,
to utilise latecomer advantages fully, to enable themselves to catch up with
advanced economies, and secondly, to build up indigenous science and

technology bases for supporting economic performances.

The study on Airbus versus Boeing examines international competition in the civil
aircraft industry, with an emphasis on the market requirements, dynamic
capabilities and competencies of firms (Irwin & Pavcnik, 2001). It focuses on the
differentiated-products demand system for wide-bodied aircraft and examines the
international rivalry of firms using various assumptions about firm conduct. The
study also looks at the limiting of aircraft subsidies in the 1992 US—-EU agreement
on trade in civil aircraft, which is believed to have had a significant impact on
pricing in the aircraft market. The presence of multi-product firms makes it more
challenging for aircraft companies to introduce new aircraft successfully without
detracting from existing product lines. The study did not, however, address the
issues of strategic trade policies that are more dynamic in nature, such as the role
of government subsidies in assisting firms to develop capabilities to facilitate
growth and entry into the aircraft market.

Neven and Seabright (1995) provide an analysis of the impact of Airbus on the
market for large jet aircraft. They characterise various stages in the development
of the large civil airline market, which is dominated by three companies, Boeing,
Airbus and McDonnel Douglas. The large civil airline market has four market
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segments:

e Short range, narrow bodied

e Medium range, medium bodied
e Long range, medium bodied

e Long range, wide bodied.

The study provides two justifications for government subsidies of activities that

could be expected to be profitable:

e The perception exists that private capital markets often fail to fund activities
that have a profitable expectation, but happen to have a long investment
horizon.

e The knowledge of government’s involvement in, or support for, activities may
add credibility to a producer’s presence in the market. As a result, it may deter
either predation by an established rival or entry by new one.

The involvement of government in the industry could affect the success of entry, if

not the credibility of the venture (Neven & Seabright, 1995).

The study also highlights the consequences for Airbus of European public support,
without which it would probably have been difficult, if not impossible, to enter the
market successfully, as government support was absent initially. Government
support for the Airbus A-320 programme is believed to have induced Boeing to
produce a new version of the 737 in the narrow-bodied segment of the small range
aircraft market. Bonaccorsi and Giuri (2001) provide a novel contribution to the
role of demand for technological competition, with an emphasis on the analysis of
the mechanisms of technological learning and the spillovers that occur in different
structures of networks of vertically related industries. Such analysis highlights the
issue of technological competition among suppliers, and the structure of the
network of two vertically related industries, namely the civil jet and turboprop aero-
engine and aircraft industries. This could influence the facilitation of technology
development within the aircraft industry.

The theories discussed above conclude that government can play a key role in
influencing the facilitation of technology development, through support

61



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

mechanisms in the form of incentive programmes or policy guidelines. For
developing economies, government support has been shown to be critical as firms
acting alone find it difficult to provide the necessary infrastructure required for
technology development.

2.2 Innovation and technology challenges for civil aircraft
development

The Department of Trade and Industry (DTI) SA has identified the South African
aircraft industry as an important sector of the country’s manufacturing capability. It
is an important cluster that should be promoted and developed further (Campbell,
2003). In the past, the South African industry developed competitive technologies
for the military aircraft sector, which can be used as a basis for future development
of technologies for the civil aircraft sector. According to De Bruijn and Steenhuis
(2004:383), there is a linkage between civil aircraft technologies and military
aircraft technologies. Nevertheless, it remains a challenge for South African firms
to develop the civil aircraft industry to higher levels of technological competence,

as have other developing or latecomer economies.

Military and civilian aircraft industry needs are very different in terms of design
demands, economies of scale, economies of scope, and the experience curve
(Chiang 1999:263). In high-tech fields, little civil-military integration exists because
of the dual structure or segregation of the defence and civil technology and
industrial bases. The existing differences do not necessarily hinder learning from
one another. Some of the benefits that aircraft firms have exploited in the civil
aircraft market draw on their military experience. Although Chiang (1999:263)
suggests that civil benefit from military experience is minimal, this does not mean
that such experience cannot be fully exploited when it comes to building

technological capabilities.

In emerging economies (Chiang 1999:264), the domestic capabilities for a military
system usually evolve in a specific sequence. They begin with maintenance and
repair, followed by licensed production and modification; independent production
of subsystems; and lastly indigenous design, development and production of the
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whole system (which may still require supplies of critical parts and subsystems
from advanced countries). It would be possible for firms with military experience to
convert their defence capacity into civil capacity. The assumption is that spin-offs
would be more intense if military and civilian technologies were more similar or the
military and civilian communities were more closely interactive (Chiang 1999:267).
The facilitation of spin-offs could be through such mechanisms as personal
contact, R&D cooperation, technical consultation, technology demonstration,
technical data provision, publications, conferences, and the mobility of personnel

from mission-oriented programs to civilian industry.

The large civil aircraft manufacturing industry is characterised by the following

factors (De Bruijn & Steenhuis 2004:383):

e Huge investment — Investment in a new aircraft design is usually very high; for
example, the estimated development costs for the Airbus A380 were
approximately US$11-12 billion.

e High risk — Because it takes several years to develop a new aircraft, the new
product demand is uncertain.

e Political context — Aircraft production and sales are heavily influenced or
controlled by government activities; for example, governments in industrially
developing countries might require aircraft manufacturing companies to
produce in their own countries.

e Cyclical demand — The demand for customer travel is cyclical, and therefore so
is aircraft demand. In 1999, Boeing delivered 573 aircraft, its highest total,
whereas the production for 2003 was expected to be only 380 aircraft.

Chiang (1999:269) further highlights some of the challenges faced by newly

industrialised countries in relation to aircraft industry development, using Taiwan

as an example. The challenges are the following:

e “A limited domestic base of human resources and infrastructure in the aircraft
industry

e Limited suppliers and related industries that are internationally competitive

e The lack of home demand for civil products and thus the existence of two-

edged direct pressures on firms to compete globally
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e Little acquaintance with global civil practices, coupled with inexperience in
integrating the military and civilian sides of the industry”.

Some authors referred to above highlight the challenges faced by developing
economies in the development of the civil aircraft industry. The existence of such
challenges can obviously impact negatively on the technological development of
the industry. The authors also discuss how civil aircraft development could benefit
from the technological capabilities built as a result of military aircraft development,
including the spin-offs thereof. How the facilitation of spin-offs from military to civil
technologies, through mechanisms such as R&D co-operation and mobility of staff,

could be structured, is not discussed, however.

Few studies exist on catching-up theories, in relation to complex systems such as
an aircraft. However, literature exists on the complexity of the aircraft industry,
which explains the challenges faced by firms or nations with regard to
technological and innovation capabilities as directed by the international trends or
trajectories of the aircraft market.

South African aircraft firms are regarded as latecomer firms because they lag
behind in terms of innovation and technology development, as well as integration
into the global value chain system. Hobday (1995) defines a latecomer firm as a
manufacturing company that faces two competitive disadvantages in attempting to
compete in export markets. The first is a technological disadvantage, where firms
are dislocated from the main international sources of technology and R&D. The
second is a market disadvantage, where firms are dislocated from the mainstream

international markets and demanding users they wish to supply.

Catching-up firms, in South Africa’s case, have insufficient in-house technological
capability, poor external environment, and underdeveloped national systems of
innovation. Latecomer firms have to overcome their technological disadvantages,
devise ways of overcoming market barriers to entry, and forge the user—producer
linkages that stimulate technological advancement, so as to succeed in catching
up. The challenge facing latecomer firms is how to successfully design and

implement the corporate strategies that could enable them to overcome barriers
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related to international markets, and to acquire the necessary technology.

Hobday (1998) classifies the aircraft system (including jet fighters and civil aircraft)
as complex. This system has several significant differences compared with mass
production in terms of production process, system hierarchy, complexity,

customisation, and market structure.

Davies and Brady (1998:295) differentiate between high value added complex
product systems (CoPS) and mass production products by explaining that CoPS
are developed and produced as single items or in small tailored batches for large
business users. Table 2.1 shows a range of CoPS and mass-produced products
supplied by a number of strategic European countries. It is difficult to explain the
pattern of innovation and industrial competitiveness of CoPS because they tend to
remain in a fluid phase of product innovation and follow a different cycle of
innovation and industrial competition. Davies and Brady (1998:295,296) indentify
the following major characteristics of CoPS, as opposed to mass-produced
products:

e CoPS involve a high degree of customisation in the final product and its key
components, therefore close attention has to be paid to the criteria of
component and interface compatibility with existing and future component
technologies and standards

e CoPS are produced as units or in small batches rather than in high volumes,
and are designed by project organisations. Production starts after an order has
been obtained, with modification of the design to suit customer requirements,
unlike in mass production where product development occurs first, followed by
the actual production, then the marketing of the final product to the clients

e Industries supplying CoPS are usually bilateral oligopolies with a few large
suppliers facing a few large customers in each country

e Users such as air traffic controllers, airlines, etc, tend to be heavily involved in
CoPS since their competitive survival often depends on the technical quality

and performance of the final product.
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Table 2.1 Selected examples of Complex Product Systems (CoPS) and mass-

production products by sector

Sectors CoPS Mass production
Airports, airtraffic control Aircraft components (eg tyres)
Aerospace systems, baggage handling and consumables (eg de-icing

systems, aircraft, ground
support vehicles.

fluid).

Rail and tramway

Stations, tunnels and viaducts,
locomotives, carriages and
wagons. Electrical signalling
equipment.

Brake blocks, wheels,
sleepers, lighting equipment.

Telecommunications

Mobile phone systems, digital
exchanges, broadband
networks, military central
command and control systems.

Telephone handsets, fax
machines, pocket pagers.

Electronics

Semiconductor fabrication
plant, banking automation
systems, business information
networks.

Personal computers, electronic
calculators, printers, consumer
durables.

Heavy engineering

Offshore drilling rigs, dams,
steelwork plant, chemical plant,
hydro-electric plant, machine
tools, industrial turbines,
cranes.

Hand tools and implements,
jigs and dies

Source: Adapted from Davies and Brady (1998)

According to Tidd, Bessant and Pavitt (2001:41), complex product systems
(CoPS) represent an interesting case, involving the kind of technological systems
which bring together a number of different elements into an integrated whole, often
involving different firms, long timescales and high levels of technological risk. All
the variations within a complex system make it very difficult for firms to innovate or
advance technology development. Therefore strong strategic and technology
management capabilities are required to guide the process towards technological

competitiveness.

Henderson and Clark (1990) define the aircraft system as a complex system,
consisting of numerous parts and subsystems. The interaction between many
functional subsystems makes it extremely difficult to predict overall performance,
hence linkage and interface technology between components and subsystems is
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critical in the performance and safety of the aircraft. Furthermore, Prencipe (1997)
indicates that the high degree of interdependence among components and
subsystems requires close configuration of their performances in order to achieve
an optimal match. One of the challenges facing airframe manufacturers and
component suppliers is having the necessary multi-skills, including component
knowledge and how such components link and operate together as a system.

Innovation and technology play a pivotal role in such a challenge being met.

The Department of Trade and Industry (UK)'s independent report by the

Aerospace Innovation and Growth Team (AelGT) also alludes to the complexity of

the aircraft system ((DTI) UK, 2003). It described aerospace, which includes

aircraft, as being composed of an unusual combination of industrial characteristics

that tend to differentiate it from other areas of manufacturing as follows:

e High levels of technological and scientific intensity

e High cost and high risk programmes

¢ Long development and payback cycles

e Low volume, high value products

e Civil-military linkages

¢ International collaboration in design and development

e Central role of government as sponsor, customer, regulatory and market
gatekeeper

e High barriers to entry

e Highly safety critical

e Long service life.

Various authors referred to above emphasize the complexity of the civil aircraft
system and the importance of giving attention to interface compatibility to ensure
the success of final products. It is evident that developing economies need to build
technological capabilities to be able to deal with the complexity challenges of the
civil aircraft system. However, how firms in developing economies should deal with
the technological capability challenges that have resulted in their being dislocated
from international markets and international sources of technology and R&D, was

not discussed.
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2.2.1 The need for technology advancement and sustainable development

Firms should be organisationally and culturally flexible enough to meet the
massive changes associated with technology advancement (Sajid, 1995). Long-
term planning becomes crucial in an age of global markets that offer both

challenges and opportunities for dynamic management.

Okamoto and Sjéholm (2001) discuss four lessons that could be learned from

Indonesia’s technology development and advancement:

e External sources of technology become very important in the early stages of
industrial development when technological requirements are still relatively low.
New technology and know-how may be acquired through the channels of
foreign experts, trading companies and foreign buyers, which means that
openness to trade, investment and skilled labour enhances industrial
technology development.

e It remains the responsibility of the public sector to make greater efforts to
acquire, upgrade, and disseminate technology and know-how as the country
moves up the technology ladder.

e Foreign Direct Investment (FDI) is crucial for technology development. It can
be used as a tool for new technology introduction, employment generation,
product expansion and exports. It can be used to complement government
funding where there are constraints, but it does not necessarily lead to
technological upgrading.

e Technological, managerial and institutional infrastructure needs to be
developed before a micro-level intervention for promoting technological
development becomes effective.

In technology advancement and sustainability, one major challenge for a firm’s
competencies within the aircraft industry is the ability to showcase its technological
capability in a way that enhances aircraft performance. That has been true from as
early as the 1950s, where the focus was on speed, through the 1980s when the
development of aircraft ‘stealth’ began (Klesius, 2004). Today, aeroplanes have
become even more complex, with technology evolving most dramatically with
respect to interiors. An example is the 555-seater A380, which offer passengers

extra comfort, without compromising technological performance. Many
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technologies are being adapted from military aircraft for civil applications.
Computer automation has resulted in a new generation of military aeroplanes,
unmanned aerial vehicles (UAVs), that fly without pilots. This technology has been
adapted for civil aviation to some extent, where computer automation is being
used to fly a plane immediately after take-off until landing, thereby transforming
pilots into flight-systems managers. The current discussion regarding UAVs for
civil aircraft is whether cargo planes and passenger aircraft could be flown without

pilots.

It is believed that technology development in the aircraft industry will lead to the
enhancement of the technological development potentialities of airframe/engine
manufacturers and related industries such as component or material makers
(IADF, 2004). For example, General Electric (GE) is executing a wide-ranging
technology development and maturation effort to acquire and bank technologies
that would be needed for wide-body transport engines that will enter into service
between 2008 and 2015 (Kandebo 2002:1). Two programs, known as Generation
X and Generation Y, have been initiated to look at the development of engine
technologies needed by 2008. Also, a longer term endeavour is aimed at power
plants to be in service by 2015. Generation X engines should provide a 15%
improvement in specific fuel consumption (Kandebo 2002:1).

Technology development should provide growth in other related industries (IADF,
2004). The aviation industry is perceived to be a leader in technology development
because it pioneers new technologies and techniques that become readily
available to the industry at large (Engineering News, October 2003). Aircraft are
designed and built with a multitude of science and mechanics concerns. These
include the analysis of vibrations induced in the airframe, principally by the power

plants and other rotating parts, such as propellers.

Technology advancement is regarded as an important factor when assessing
sustainability in the aerospace industry. For this reason, the Advisory Council for
Aeronautical Research in Europe (ACARE) has proposed an agenda for
sustainable development, to be achieved by 2020, based on four objectives
(ATAG, 2002):
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e A 50% reduction in CO, emissions per passenger-kilometre

e An 80% cut in nitrogen oxide (NOy) emissions

e A 50% noise reduction at source, including noise abatement operational
procedures

e An 80% reduction of air transport accidents.

The main environmental challenge facing aviation is the maintenance of an
acceptable balance between growing consumer demand and technological
progress (ATAG, 2002). Such a balance appears to have been achieved for noise,
whilst global greenhouse gas emissions are becoming more of a challenge.
Currently, the aviation emissions represent about 3,5% of the total climate-change
effect from all human activities. This figure could rise to 6% in the next 50 years, in

spite of further technological advances.

It appears that the challenge over the next decade will be to meet the increased
demand for safety, environmental compatibility and capacity, while enhancing
performance and reducing costs, through the use of new technologies. A profound
shift in behaviour, delivery and control disciplines is required, not just a better
understanding of physics and new technologies in the traditional performance
disciplines of aerodynamics, propulsion, structures, materials and manufacturing.
These revision should include aerospace system engineering; integration of
customer specifications; design concepts; functional architecture; physical
architecture; design analysis and synthesis; trade studies and multidisciplinary
optimisation; risk analysis; manufacturing; supply-chain management; logistics;
testing; verification and validation; and life cycle cost

General Electric (GE), in association with the National Aeronautics and Space
Administration (NASA), has already started to develop the technology to cut
oxides of nitrogen emissions (Kandebo 2002:1). In line with ACARE’s proposed
agenda for sustainable development, GE plans to develop technologies that would
result in an ultra-clean, ultra-quiet and ultra-reliable power plant, which would have
a number of positive engine-operation consequences:

¢ Oxides of nitrogen emissions would be reduced by 85%
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e (Carbon dioxide emissions would be reduced by 20% compared to the old
GE90 engine

e Operation noise levels would be 33 EPNdB (cumulative) lower than stage 3
regulations

e Engine-caused flight delays and cancellations would be reduced by 50%,
compared to current generation power plants

¢ In-flight shutdowns would be reduced by 50%, compared to current power
plants

e Fuel burn would be reduced by 20%, compared to the old GE90 (Kandebo
2002:2).

Another technological challenge in the aviation sector is vibration, which shortens
the life of the aircraft and increases its operation costs as a result of loss of service
life of many of the components, from sensitive avionics and instrumentation, to
fatigue and damage in the airframe (Engineering News, October 2003). Vibrations
experienced as noise lead to fatigue and discomfort for the occupants of an
aeroplane, both crew and passengers.

The technology-development cycle within the aircraft industry is constrained by
regulation and certification. Aircraft technology has to be tested before being
incorporated into products, and customers expect a level of technology
demonstration sufficient to meet regulatory requirements before inviting a potential
service provider to bid. Another constraint is that new technologies may take up to
15 years to progress from basic science to product application (DTI (UK), 2003).
Ineffective technologies developed today could severely impede long-term industry
competitiveness and growth, therefore research and development (R&D) is crucial

for the successful development of technologies.

Various authors highlight the contributions made and the lessons learnt within the
aircraft industry with regard to technological advancement and sustainability.
Technological advancement and sustainability can be facilitated if technological
capabilities exist. Various expectations of technological advancement for the
aircraft market were highlighted, without indications of how the required
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technological capabilities could be achieved. Some theories discuss expected
achievements as part of overcoming technological challenges. These could be
complemented by a technology-development framework to prepare for such
desired outcomes.

2.2.2 Technology transfer and its impact on technology development

There is a general acceptance that the level of technological development has a
major influence on the level of economic development (Steenhuis & De Bruijn
2001:552). Technology transfer has, therefore, been considered by developing
countries as a vehicle for economic growth. Some developing countries give
special attention to certain industries, which are then stimulated to develop their
technology. A country can only enhance its technological capability in two ways:
by developing new technologies itself or by acquiring them by means of
technology transfer (DTI (SA), 2007). As no country in the world is in a position to
develop competitively all the technologies that are required for its industries,
technology transfer will always be an important form of upgrading a country’s
technological base. Technology transfer can happen in a number of ways such as
through outright purchase or through some form of contractual agreement (which
may include the transfer of personnel), strategic alliances, patents and licensing
agreements.

Government has a significant role to play in the facilitation and encouragement of
technology transfer (Paras Report, 1998). International experience indicates that
technology transfer is most successful when people are the carriers of the
technology and are involved in the transfer. Technology transfer in the form of
licences on Intellectual Property Rights (IPR) know-how agreements, without the
involvement of personnel skills transfer, often fails because technology cannot be

reduced in its entirety to words-on-paper or computer software.

The following areas of technology transfer were identified as opportunities (Paras

report, 1998):

e Co-operative R&D is seen to be the most important mechanism for technology
transfer, and should be encouraged by government grants.

e Collaboration between Higher education institutions (HEIls), industry, and
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Science, engineering and technology institutions (SETIs) are underdeveloped
in South Africa, and Small and medium enterprises (SMEs) are not adequately
involved.

e Supply chain management, which is an effective process for technology
transfer, is underdeveloped in South Africa.

e Collaboration is seen as an effective way for technology diffusion, and the
Technology and Human Resources for Industry Programme (THRIP) is playing
a meaningful role. The scale of division through collaboration is limited,
however, and government has an additional role to play in assimilating

information and diffusing it broadly.

It is not only the transfer of technology across borders that is important, the rate of
technology transfer/diffusion within a country also determines a country’s
technological capability (DTI (SA), 2007). This is especially true for the so-called
pervasive technologies (e.g. ICT or management technologies) that determine the

competitiveness of an industry.

Technology transfer has frequently been used by developing countries with limited

financial and human resources as the most efficient and cost effective approach

for selecting/acquiring appropriate technology. The Draft technology policy

framework for South Africa (DTI (SA), 2007) recommends that government offer

more support for technology transfer in South African industry, which can be used

to the country’s advantage in a number of ways:

e To select technology appropriate to the country's needs

e To evaluate local as well as imported technologies and decide on their
utilisation to ensure maximum benefit

e To modify and adapt technologies to suit the local environment

e To transfer technological developments through science and technology
institutional linkages

e To ensure that technology transfer assists communities in developing or
enhancing their own technologies

e To monitor and evaluate the effectiveness of technologies being transferred
and implemented
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e To protect intellectual property

The aircraft industry has attracted special attention from various governments
such as China, Indonesia, Brazil, India, and Romania (Steenhuis & De Bruijn
2001:552). The Indonesian government started Industri Pesawat Terbang
Nusantara (IPTN), the aircraft manufacturing firm that has been the largest and
most ambitious investment made by the Indonesian government to promote
technology development in the country (Eriksson, 2003a). IPTN has core
competence in aircraft design, development and manufacturing of commuter
aircraft. It has had poor financial performance although it has been heavily
subsidised and also managed to develop various technologies. It is believed that
underdeveloped managerial capacity could have led to the limited commercial
success of the firm although huge investments have been made in engineering
and production facilities.

From as early as 1975, Indonesia was involved in indigenous aircraft design
through technology transfer, and the development of that aircraft manufacturing
industry has been monitored to understand how technology transfer contributes to
technology development. By 1990, Indonesia was still not established in the
international aircraft industry, and the two aircraft designs that resulted from
technology transfer projects were produced in limited numbers, with few exports.
The reasons for such limited success included: infrastructural restraints; cultural
restraints; general bureaucracy and import difficulties; and credibility problems
following uncertified products. This shows that the success of technology transfer
is not always guaranteed, but is to a large extent determined by the process at the
operational level. Even if the technology is transferred successfully, with the
receiving company being technically able to produce the aircraft (product),
production might not always be viable. The success of technology transfer is
determined by both the successful installation of a technology at the destination
site, and the successful utilisation of that technology after transfer. This could be
the reason why Indonesia has been slow in establishing a successful aircraft
industry even with technology transfer because their technology development and
advancement in general has been successful according to Okamoto and Sjéholm

(2001), who previously discussed lessons learned from the country’s technology
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development and advancement.

It appears that the establishment of IPTN by Indonesian government was the
factor of national prestige (Eriksson, 2003a). The Progressive Manufacturing
Programme was used as a four-phase scheme for technology transfer
development and manufacturing. Phase 1 (Licence program) was used as a
learning process and for establishing appropriate technology during early stages of
development, which involved transfer of technology for a specific type of aircraft
made by IPTN and the manufacturing process starting from end to beginning.
Phase 2 (Joint venture program) involved the integration of existing technology
through realisation of the co-design and manufacturing programmes with CASA of
Spain. This was for the transfer and build-up of aircraft technology, where they
lacked an internationally recognised certificate of airworthiness which resulted in
limited exports. They also lacked experience in sales and marketing of such
products. What appears to be critical in the success of the product is by focusing
not only on the technology itself but also the business side, which includes
management and marketing.

Phase 3 (Development of new technology) involved the application of the acquired
technology for the indigenous design and manufacture of new products. IPTN
entered this phase before securing customers and without proper certification,
which led to problems in entering the international market. Another constrain was
that they decided to go alone instead of following the international aerospace
industry trend of increased cooperation in the development of aircraft.

Phase 4 (Large-scale research and development program) was aimed at the
implementation of research and development of future technology, where a
transonic 130 seater (N-2130) was supposed to be launched. This phase of
technology development has never been successful following the failure of phase
3.

The Taiwanese government embarked on the development of the commercial
aerospace industry as well as an internationally competitive supplier system as
aprt of upgrading the country’s industrial and technology capabilities (Eriksson,
2006). During the beginning of the process a huge gap existed between Taiwan’s
military aircraft capability and the nearly non-existent civil aerospace competence.
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Part of their strategy for developing a successful civil aerospace industry was by

taking equity stakes and risk-sharing deals with foreign firms. Taiwan’s aerospace

industry long-term competitive advantages depend on factors such as (Eriksson,
2006):

Further development of Science and Technology policies thus strengthening
the innovation capability

Specialisation in further development of integrated subsystems in fields such
as airframe parts, avionics or advanced material technology

A need to join large international aerospace design and manufacturing
networks to be able to act as a supplier to the large system integrators such as
Airbus and Boeing so as to gain access to product and manufacturing
knowledge and innovation

Long-term view opportunities for East and Southeast Asian economies to pull
their technological resources together in the aerospace field, to challenge the

leading European and US companies.

Taiwan also has strengths as follows (Eriksson, 2006):

It has many years of experience from the aerospace sector, with Aero Industry
Development Centre (AIDC) which is the main source of knowledge within the
domestic industry and few others like Center for Aviation and Space
Technology (CAST) as a new source of technology spillover

It masters a general level of technology, which is superior to many other
emerging economies

It pursues dedicated technology policies with a strong determination to climb
the ladder of science and technology

A dedicated, although limited, supplier system being under development
Taiwanese companies gathering experience from international business arena,
although not from the aerospace sector

Taiwan in a fortunate situation in terms of capital resources.

Antoniou and Ansoff (2004) highlight the importance of technologists doing

environmental assessments constantly to determine whether to transfer or develop

new technologies. They indicate the following as major areas to consider when
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managing a firm’s technology:

¢ The identification of future technologies and their impact on their organisation’s
environment

e The assessment of the firm’s internal technology capability

e The integration of technology into the organisation’s strategy.

Steenhuis and de Boer (in lles & Yolles 2002:32) mention the importance of
maintaining balance, during technology transfer, between source and destination,
to avoid a potential imbalance in the destination company. It is essential to
distinguish between two types of technology transfer when analysing the success
of technology transfer in the aircraft industry: sharing a technology, and trading a
technology (Steenhuis & De Bruijn 2001:557). In technology sharing, the source
company shares its technology freely with the destination company, and
purchases the resulting products. Technology sharing does not significantly
contribute to the development of technological capabilities, either in the destination
company, or in the country in which it is found. This is supported by Mowery and
Rosenberg (1984) and Steenhuis & De Bruijn (2001:557), who observed that

technology transfer does not always contribute to technological development.

For technology trading, the destination company purchases a new technology
under license from the source company, learns to use it, adapts it and applies it in
its own applications. This type of technology transfer is known to increase the
technological capabilities of firms, although payment is required to acquire such
technological capabilities. What has not been established is the extent to which
these technological capabilities contribute towards a sustainable position in the
industry, and consequently, towards national technological competitiveness. The
age of the technology being transferred and the market size could both have a

negative effect on the ability to sustain technological competitiveness.

Another major characteristic of the aircraft industry is the large R&D investment
required (Steenhuis & De Bruijn 2001:558). Technologies within this industry need
to be improved frequently for firms to remain competitive. However, the requisite
R&D capabilities are crucial when developing technologies, or upgrading
technology after technology transfer. Embraer, a Brazilian aircraft manufacturer,
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became a serious global competitor in the aircraft industry after it focused
technology transfer efforts on acquiring R&D capabilities (Steenhuis & De Bruijn
2001:559). Most authors agree that R&D capabilities are a prerequisite for
successful technology development in the aircraft industry, which is needed for
achieving technological competitiveness and for adapting the transferred
technology for local circumstances. It is highly unlikely, therefore, that destination
firms could compete successfully only through production technology transfer,
unless they have their own R&D capabilities.

Steenhuis and De Bruijn (2001:559) highlight some of the factors that impact on

utilisation effectiveness, even where technology has been successfully installed:

e Limited financial resources — leading to procurement problems

e Difficulties in importing tools, materials and parts — causing delays in
production activities

e Local industries characterised by high price, low quality, long lead times —
causing problems with procurement, production delays, and poor quality work

e Difficulties in obtaining certification — affecting the usability of the produced
products, resulting in considerable delays

e (Cultural characteristics, adverse working conditions and limited technical
organisational knowledge levels — affecting productivity and quality

e Poorly developed communication infrastructures — hampering communication,
leading to production delays.

The factors described above are related to the environment of the aircraft-

manufacturing firm, and are typical characteristics of industrially developing

countries. This means that aircraft production technology requires a specific

environment for it to be efficient.

A number of authors discuss the concept of technology transfer and its
contribution towards building technological capabilities, especially in developing
economies. Acquiring R&D capabilities appears to be critical, even for technology
upgrading following technology transfer. The link between the development of
R&D capabilities, national environment and the entire technology development
system is not very clearly demonstrated by the authors discussed above.
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2.2.3 R&D investment and its impact on performance in the global
technology trade

R&D Investment has been key in triggering innovation within the aircraft industry
irrespective of the complexities embedded within the aircraft systems. It also
appears that investment in technology development by firms and countries through
R&D has an impact on technology trade performance.

Oerlemans, Pretorius, Buys and Rooks (2005) indicate that a typical South African
firm spends less on innovation than the average European company. Furthermore,
about 44% of South African firms overall had introduced technological innovations
within the 1998-2000 period, whereas 70% of firms within the sector for the
manufacturing of transport equipment claimed to have introduced own-
innovations. Both the automotive and the aircraft industries fall within the transport
equipment-manufacturing sector. The automotive industry probably makes up
more than 50% of the sector.

Steenhuis and De Bruijn (2001:559) acknowledge the history of US federal
research investment in industry, and suggest that public R&D programs can exert
a powerful and positive influence on the innovative performance of an industry.

Table 2.2 shows a summary of the general science, space and technology
spending that has occurred within the US, which has escalated with time. AISI

(2005) also supports this theory of R&D investment (See Figure 2.4).

Table 2.2 Support and funding in the US

Federal support of general science, space and technology
(in millions of Dollars)

Year 2000 2001 2002 2003 2004 2005 2006

Spend 19,203* [ 20,861° | 21,191° | 21,892° | 22,441° | 22,910° | 23,488°

Key: * Actual, ° Estimate
Source: Steenhuis and De Bruijn (2001)
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*) Budget breakdown 2002 - 2006: Aeronautics (750), Air transport (90) & Space (235)

Figure 2.4 Research and technology development funding for specific
aeronautics research on EU level (1990-2006) in million Euro

Source: DTl (SA), 2005. Positioning the South African aerospace industry as a
priority sector: Presentation

South African exports have underachieved relative to the world across most of the
technology spectrum over the last decade (Trade & Industry Monitor, 2004:2). The
country’s trade performance in relation to developing countries, both in aggregate
and in every technology category, has also been poorly rated. The challenge for
South Africa is to upgrade to more technologically complex, dynamic sectors that
undoubtedly provide the most growth potential. South Africa has an insignificant
share of global trade in dynamic products, which are technology- and/or
knowledge-intensive. For firms to be competitive in their production it will require
high levels of innovation, and good research and development platforms.
Technological classifications are shown in table 2.3.
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Table 2.3 The technological classification of exports

Classification Examples

Fresh fruit, meat, rice, cocoa, wood, coal, crude

Primary products
Primary products petroleum, gas

Manufactured products

Resource-based manufactures

Prepared meats/fruits, beverages, wood products,

RB1: Agro/forest-based products vegetable oils

Ore concentrates, petroleum/rubber products, cement,

RB2: Other resource-based products cut gems, glass

Low-technology manufactures

Textiles fabrics, clothing, headgear, footwear, leather

LT1: ‘Fashion cluster’
manufactures, travel goods

Pottery, simple metal parts/structures, furniture,

LT2: Other low technology jewellery, toys, plastic products

Medium-technology manufactures

Passenger vehicles and parts, commercial vehicles,

MT1: Automotive products motorcycles and parts

Synthetic fibres, chemicals and paints, fertilizers,

MT2: Process industries plastics, iron, pipes/tubes

Engines, motors, industrial machinery, pumps,

MT3: Engineering industries switchgear, ships, watches

High-technology manufactures

Office/data processing/telecommunications equipment,

HT1: Electronic and electrical products TVs, transistors, turbines, power

Pharmaceuticals, aerospace, optical/measuring

HT2: Other high technology instruments, cameras

Electricity, cinema film, printed matter, ‘special’

Other transitions transactions, gold, art, coins, pets

Source: Lall 2000a, in Trade and Industry Monitor (2004:2)

When looking further at comparative performance (1992-2002), exports from
South Africa grew less rapidly than world exports in aggregate and in most
technological categories, with two exceptions: medium-technology products (MT),
where South Africa’s exports grew twice as fast, and high-technology products
(HT), where the country’s export growth rate marginally exceeded the global
growth rate. When compared to developing countries, South Africa’s performance
has been particularly weak, as, on aggregate, its exports grew at less than half the

rate of developing countries (see Figure 2.5).
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Figure 2.5 Growth rates by technology category (1992-2002)
Source: Trade and Industry Monitor (2004:3)

South Africa’s share of global exports has eroded, with better performing
developing countries taking over. Table 2.4 shows South Africa’s share in world
and developing country exports (1992—-2002), with declines of 43% and 45%.
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Table 2.4 South Africa’s share in world and developing-country exports
(1992-2002) (%)

World Developing countries

Product 1992 2002 1992 2002
Al sectars 044 042 3.33 1.89
Primary 0.52 0.65 4.02 2.93
products
Total 0.3 0.38 3.14 1.72
Manufactures
Resource 1 0.85 5.5 5.3
hased
Loy 0.34 0.31 1.58 0.54
technology
iedium 0.27 0.41 377 2.59
technoloogy
High 0.07 0.07 0.9 0.35
technology

Source: Trade and Industry Monitor (2004:4)

When focusing on manufacturing, judging from the tables above, South Africa has
significantly increased its global presence in medium-technology products, but this
has not counteracted the losses in all other technology categories. South Africa
shows signs of struggling to upgrade into more technologically complex, dynamic
innovative products, such as aerospace (classified under high technology). It
appears that South Africa’s comparative success has been in scale- and capital-
intensive medium-technology products with low incremental output/labour ratios.
This is supported by the statistics shown in Table 2.5.
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Table 2.5 South African trade with the world: Top 10 products (HS2; Q1 2004)

Total % of Total Imports % of
Products Exports | Total Products Rin Total

(Rbn) | Exports |mports
Precious metals and stones|  19.54 3030 |Machinery and ballers 12103 1961
lron and steel 7 B 1171 |Electric machinery b.3 10.31
Yehicles 4.6 753 |opecial motor parts 574 445
Machinery and boilers 167 b0 [Vehicles 454 B.05
Minerals and fuel oils 342 5.0 |Minerals and fuel oils 356 b4
Alurinurm 247 305 |Arcraf 2.0 471
Ores, slag and ash 240 372 |Medical & surgical equipment |~ 216 351
Citrus frut 197 306 |Pharmaceutical products 180 253
Inorganic chemicals 137 213 |Precious metals and stones 158 250
Electric machinery 126 159 |Plastics 156 254
Total 4567 755 |Total 4310 7.2

Source: Trade and Industry Monitor (2004:11)

Global technological advances have increased the skill and technological intensity

of production, thereby requiring that firms master increasingly sophisticated

production techniques in order to remain competitive. The technological advances,

unequally distributed growth in global income and the splitting-up of production

chains across countries, have meant that high-technology products such as

aerospace, have shown the fastest growth in manufactured exports, with medium-

technology products retaining a high but steady share, and low technology and

resource-based products declining in world trade (see Figure 2.6).
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Figure 2.6 Shares of manufactured products in world exports by technology
levels (1976-2000) (%)
Source: Lall 2003

In order for South Africa to stay competitive with respect to its main trading
partners, it is important that it does not fall behind in developing new products and
processes. Table 2.6 from the DTI's Draft technology policy framework (DTl (SA)
2007) gives an indication of South Africa’s position regarding R&D expenditure.

South Africa’s performance in international trade, in terms of the different levels of
technology classification, indicates the need to develop new technologies in all
categories. Only in the medium-technology category has South Africa performed
well. This could be an indication that government needs to increase the support for
new product and process development technologies substantially, in line with
government policy to increase the national expenditure on R&D from the current
0,91% to 1% of GDP, to bring it closer to those of its most important trading

partners.
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Table 2.6 R&D expenditure as % of GDP per country

Country R&D expenditure as % of GDP
Finland 3,46
Japan 3,12
USA 2,60
Australia 1,54
China 1,22
OECD Average 2,26
EU Average 1,86
South Africa 0,91

Source: DTI (SA), 2007 Draft technology policy framework for SA

New technology often creates excitement, which may result in poor investment
decisions (Sajid 1995:117). Managers tend to conclude that their organisations will
gain a competitive edge by acquiring the best and most advanced technology
available, without examining the environment in which they operate first, so as to

determine what would provide the best combination for optimisation.

The literature emphasises the importance of nations investing in R&D to achieve
higher technology trade performance or returns. What is not clear is whether
developing nations should invest in low, medium or high technology, and whether
the technology classification category where R&D investment is being made has
an impact on the economic status of the nation. It was stated that South African
firms have introduced technological innovations but whether such innovations

were related to production or management within firms, was not discussed.

2.2.4 Adoption theory of innovation

Tidd, Bessant and Pavitt (2001:182) explain the development and adoption
process for complex products such as aircraft, where they identify the processes
and services as being very difficult. The benefits to potential users may be difficult
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to identify and value, and with few direct substitutes available, the market might
not be able to provide any technology benchmarks. Furthermore, the relationship
between users and developers changes throughout the development and adoption
process, where three distinct processes, development, adoption and interfacing,
each demanding different linkages, need to be managed. Frameworks have been
formulated to help manage the development process of innovation, whereas little
guidance is available for managing the interface between developers and adopters

of innovation.

Davies and Brady (1998:297,298) argue that the decision to adopt a new
component or an interface technology entails a commitment to a standard. Each
new systemic innovation that is introduced, where there is a change in design or
functioning of one component that cannot be introduced without significant
readjustment in the design or functioning of other components, must be backwards
compatible with the existing system. Therefore future investments have to be
compatible with the chosen standard. When a new technology is developed,
governments, regulatory bodies, system suppliers and users have a limited
opportunity to intervene at the early stages to promote a technical standard and
influence the future pattern of innovation and demand for such a technology. As
soon as a particular standard becomes widely adopted, it becomes difficult for
alternative technologies to gain acceptance, because buyers of CoPS have made
large investments in the technologies and these usually have long operating life

cycles.

Firms make decisions about the adoption of technological innovations in the
context of their own economic environment. Adoption of new technologies enables
firms to reduce production costs and improve competitiveness (Goel & Rich
1997:513). Not all firms choose to adopt an innovation as it is not a costless
exercise, and the adopter is unsure at the time of adoption about the technical
reliability and financial feasibility of that particular technology. There are risks of
the newly adopted technology being superseded by another innovation even
before all the adoption benefits have been realised. This has led to some firms
delaying the adoption of an innovation if its profitability remains uncertain. The

market structure can also have an influence on a firm’s behaviour with regard to
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technology adoption. Regardless of the fact that a monopolist might have the
resources, it might not have the incentive to adopt early. On the other hand,
competitive firms do have the incentive, but may not have the means to adopt new
technologies, especially those that are risky and expensive (Goel & Rich
1997:514).

Goel and Rich (1997:514) further indicate that firm- and market-specific factors like
technology adoption costs, number of prior adoptions and profitability of the
existing technology have a bearing on the decision by a firm to adopt a new
technology. Other factors influencing the diffusion rates are absolute capital
requirements, durability of the adopting industry’s capital stock, the industry’s rate
of sales growth, the complexity of the new technology, the cost of information
dissemination, and the stage of the overall business cycle. The extent of the firm’s
technology adoption is dependant on the nature of innovation. Innovations
associated with large economies of scale are more likely to be adopted by most
firms. The costs of adoption and potential profitability are more likely to be
determined by the operating environment of the individual firm and its current

existing technologies.

The effective diffusion of imported technology across firms within an industry and
across industries within an economy is as important as foreign technology
acquisition for upgrading overall technological capability in the economy (Kim &
Seong 1997:390). Tacitness of technology requires individuals and firms to exert
their efforts to acquire, assimilate, and improve foreign technology and to generate
their own innovations. Kim (1980:268) indicates that although specific ‘unpacked’
technologies may be imported from abroad, local research, development and
engineering (RD&E) efforts have also become a necessary course of action for
local industry not only to improve imported technology, but also to implement their

own novel ideas.

Kim (1980:268,269) also argues that successful assimilation of foreign technology
through accumulated experience in production and product design, and limited
efforts in local R&D activity, would lead to the application of imported technologies

to different product lines. Furthermore, such assimilation of various foreign
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technologies, which would increase capability of local scientific and technical
personnel and local R&D efforts, would in turn provide the basis for general
technology development in the industry, and for further introductions of more
sophisticated product lines, without necessarily requiring the transfer of foreign

technology.

The general pattern of the development of industrial technology that proceeds
from implementation of imported technology, to assimilation, and eventually to
improvement thereof in order to strengthen competitiveness, is evident in the

history of manufacturing industries in various countries (Kim 1980:271).

Tidd, Bessant and Pavitt (2001:185-187) identify some characteristics that affect
technology and innovation diffusion, which in-turn impacts on adoption:

¢ Relative advantage

e Compatibility

e Complexity

e Trialability

e Observability

Relative advantage has to do with the degree to which an innovation is perceived
to be better than the product it supersedes. Aspects such as cost, financial
payback, convenience, satisfaction and social prestige have been used as typical
measures. It is believed that the greater the perceived advantage, the faster the
rate of adoption. For a country such as South Africa, the main constraint for
adopting an innovation within the aircraft industry is cost. Incentives could be used
to promote the adoption of an innovation, whether by subsidising trials or reducing
the cost of incompatibilities (Tidd et al 2001:186).

Compatibility is the degree to which an innovation is perceived to be consistent
with the existing values, experience and needs of potential adopters. Existing skills
and practices, and values and norms, are found to be the key aspects. The extent
to which the innovation fits the existing skills, equipment, procedures and
performance criteria of the potential adopter is crucial. The adoption process (Tidd

&9



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

et al 2001:187) can be affected by ‘network externalities’, where the cost of
adoption and use, as distinct from the cost of purchase, may be influenced by a
number of factors:

¢ [nformation about the technology from other users

e Trained skilled users

e Technical assistance and maintenance

e Complementary innovations, both technical and organisational.

Misalignments between an innovation and an adopting organisation require
changes to be made in the innovation or the organisation, or both. The mutual
adaptation of the innovation and the organisation is believed to take place in most

cases of successful implementation.

Complexity, which is the degree to which an innovation is perceived as being
complex to understand or apply, impacts on the adoption process. Innovations that
are simpler for potential adopters to understand are more likely to be adopted,
more rapidly, than those that require the adopter to develop new skills and

knowledge.

Trialability, is the degree to which an innovation can be experimented with on a
limited basis. When an innovation is trialable, it represents more certainty to
potential adopters, thereby providing opportunities for learning by doing. Such
trialable innovations tend to be adopted more quickly than those that seem
difficult. When there are more benefits from the functional effects of an innovation,
the rate of adoption increases even further.

Observability is the degree to which the results of an innovation are visible to
others. It is easier for an innovation to be adopted if the benefits can be easily
seen or observed. The simple epidemic model of diffusion assumes that
innovations spread as potential adopters come into contact with the existing users
of an innovation (Tidd et al 2001:187).

Tidd et al (2001:188) present some models that explain diffusion and adoption of

innovation. The epidemic model, which is said to be the earliest and most
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commonly used, assumes that innovation is spread by information transmitted
through personal contact, and the geographic proximity of existing and potential
adopters. This model emphasizes communication and the provision of clear
technical information. The weakness of this model is that it assumes that all

potential adopters are the same, with similar needs.

The Bass model of diffusion improves on the epidemic model by including two
different groups of potential adopters: innovators; and imitators, where the
diffusion takes the epidemic form. Innovators adopt the innovation quite early, with

imitators following very late.

The Probit model assumes that potential adopters have different threshold values
for costs or benefits. Differences in threshold values, therefore, can be used to
explain different rates of adoption. This model suggests that the more similar the
potential adopters are, the faster the diffusion. Adopters in this model delay the
adoption process until they are convinced that the benefits will be sufficient.

The Bayesian model of diffusion identifies lack of information as the main
constraint to diffusion. Potential adopters may have different perceptions regarding
the value of the innovation, which they may revise according to the results of trials
to test the innovation. If trials become private, imitation is unlikely, and potential
adopters cannot learn from the trials. This model suggests that even potential
adopters that are better informed, may not necessarily adopt innovation earlier

than the less informed.

Goel and Rich (1997:516) expand on the concept of adoption, indicating that time-
dependent and time-independent factors will influence a firm’s decision to adopt or
forego adoption of an available technology. When looking at the empirical
representation of the firm’s adoption decision, Goel and Rich (1997:516) found the
rate of diffusion for new aircraft technologies, measured as a percentage of total
industry aircraft, to serve as the pre-eminent time-dependent explanatory variable.
Figure 2.7 shows an overview of aircraft group diffusion rates, where industry-wide
diffusion of aircraft innovations considered in the study by Goel and Rich
(1997:516) exceeded 25% by the end of the sample period ending in 1986.
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Diffusion rates for relatively early aircraft innovations (Group 1) taper off as new
aircraft design innovations emerge, and by the end of the period Group IlI,
innovations are still in the process of diffusion.
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Figure 2.7 Diffusion of aircraft innovations (as % of total industry fleet)
Source: Goel and Rich (1997)

Greater industry-wide diffusion should put firms at ease and reduce their
uncertainty about adoption by providing valuable information and diminishing the
probability of unanticipated obsolescence. With a widespread industry acceptance
of new technology, there could be improvements in the complementarity of ground
equipment, availability of spare parts, and quality of training for flight crew and
maintenance workers. The diffusion rates will also determine the extent of rival
precedence in innovation adoption (Goel & Rich 1997:516,517). Product market
competition and prior adoptions were found to be key determinants of technology

adoption in the airline service sector. The distribution of an airline firm’s
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characteristics is represented by the variations in route system (stage, hub, trunk)
and aircraft fleet measures (fuel efficiency, seat capacity) across firms. For
example, Group | (DC-10 and L-1011) technology could be meaningful for firms
serving non-stop transcontinental routes, with Group Ill (A300 and B767) new
aircraft providing greater complementarity with the high density, short-to-medium
stage length hauls associated with hub-and-spoke route systems. These tend to
support the hypothesis that firm-specific production characteristics could play a

role in technology-adoption decisions.

The performance attributes of existing fleets of aircraft are of interest when
assessing new technologies. The adoption of aircraft innovations could be delayed
due to the availability of relatively large numbers of seats per craft. Also, prior
adoption of aircraft providing similar attributes (such as seating capacity) could
reduce the probability of integrating the latest wide-body or stretch-body
technology into the firm’s fleet. Further to the empirical analysis by Goel and Rich
(1997:517), while fuel price shocks tended to enhance the incentives for adoption
of other fuel-saving aircraft innovations in Groups Il (DC9-50, DC9-80, B737-300,
B757) and lll, fuel efficiency of the existing fleet has shown to be a deterrent to

adoption of Groups Il and Ill aircraft.

Very rapid rates of adoption of new aircraft designs by major carriers also occurred
based upon their belief that rapid introduction of state-of-the-art aircraft would be
an effective marketing strategy when price competition becomes impossible
(Mowery and Rosenberg 1982:173). Major airlines became strongly motivated by
the drive to be first with a new design, so as to make early purchase commitments
to airframe manufacturers as a strategy to achieve the earliest possible delivery.
The competition for service quality fosters rapid diffusion and adoption of
innovations drawing upon government supported research, and supports strong

competition amongst manufacturers.

The institutions through which technology is diffused in East Asia are chosen as
vehicles of leverage, rather than instruments of innovation. Such institutions have
a number of identifying characteristics (Mathews, 2001):

e They tend to be large established firms in the industrially upgrading country
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e They may be public sector laboratories and institutions linked to consortia of
small firms

e They may have external leverage via multinational corporations.

The authors referred to above emphasize that, even with the available models, the
adoption of new technologies has to be done correctly the first time, therefore the
necessary preparations need to be taken to avoid misalignment. Such
preparations include establishing the need, value, challenges, costs and
availability of various resources; the feasibility of implementation, and the benefits
of the adoption of innovation. It is evident that the link between developers and
adopters of technology has to be maintained. The availability of a framework for
technological capability building is relevant to this theory as it could provide
management of the interface between developers and adopters of innovation.

2.2.5 The theory of innovation networks

In recent years, the concept of innovation networks has become popular as they
offer many benefits for technology development in firms (Tidd, Bessant & Pauvitt
2001:214). Networks are appropriate where the benefits of co-specialisation,
sharing of joint infrastructure and standards, and other network externalities
outweigh the costs of network governance and maintenance. A network approach
is most beneficial where the costs of purchasing a technology are too high, and

where uncertainties exist.

Networks of collaborative relationships amongst firms and other institutions are
widely recognised as an important organisational form of innovative activity
(Orsenigo, Pammolli, & Riccaboni 2001:485). The literature has widely different
interpretations of the nature, structure, motivations and functions of networks.
Most approaches agree, in principle, that networks of collaborative relationships,
especially in high-growth, technology-intensive industries, should be considered
and analysed as organisational devices for the coordination of heterogeneous
learning processes by agents characterised by different skills, competencies,
access to information, and assets (Orsenigo et al 2001:485). Fostering
cooperation between the educational system, firms, and research institutes can

improve the quality of labour, thereby giving a country an advantage (Calliano &
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Carpano, 2000).

Strategic alliances happen in the form of voluntary arrangements between firms
involving exchange, sharing, or co-development of products, technologies or
services (Gulati 1998:293,296). The importance of networks of contact between
actors is that they can become sources of information for all participants. Those
actors that have direct connections with each other are likely to possess more
common knowledge or information, on innovations and their organisations.
Networks can also promote behavioural conformity by serving as conduits for both
technological and social information about organisational activities, which in turn

have the ability to influence the extent to which new innovations are adopted.

Kogut (in Gulati 1998:298), highlights three main motivations that are broadly

applicable to other types of alliances:

e Transaction costs resulting from small numbers of bargaining

e Strategic behaviour that leads firms to enhance their competitive positioning

e A quest for organisational knowledge or learning that results when one or both
partners want to acquire some critical knowledge from the other, or one partner

wants to maintain its capability while seeking another firm’s knowledge.

Of paramount importance to the efficiency of the R&D process is the ability of
aerospace engineers and scientists to identify, acquire and utilise scientific and
technical information related to aerospace and aerospace-related activities
(Blados, Cotter & Ryan 2001:54). Therefore greater awareness and exchange of
scientific and technical aerospace information is necessary to ensure the success
of the innovation process in general. It is on this basis that the Advisory Group for
Aerospace Research and Development (AGARD) proposed the establishment of
the International Aerospace Information Network (IAIN), to serve as a self-
sustaining worldwide network of partner organisations committed to sharing their
data and information resources. With recent advances in information technology
and information management, increased participation in the aerospace field, and
the realities of scarce resources for every nation, the strategies and benefits of
international cooperation and resource sharing have become apparent (Blados et
al 2001:54). The purpose of IAIN would be to provide a technical infrastructure that
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services aerospace research scientists and engineers, and the community of
policy analysts, resource managers and educators as well as the general public,
thereby promoting innovation and diffusion.

Developing economies tend to experience resource-related problems with regard
to innovation and implementation of technologies. The innovation networks theory
outlined above emphasizes the potential benefits of such collaborative
relationships, such as sharing infrastructure, information, skills, and technologies.
Such collaborative relationships could be critical in technological capability building
and the creation of national technological competence.

2.3 Technological competence and the capacity-building paths
followed by various countries

This section outlines information collected from various literature sources about
the paths followed by various countries in building technological capacity in the
aircraft industry for national technological competence. The successes and
problems encountered during such a process will be related to the South African
industry to establish if there are any commonalities, and if the lessons from other
countries could be used in developing models suitable for building local
technological competitiveness in the civil aircraft industry. The countries studied
appear in the distribution of the World Top 100 aerospace companies list (Table
1.1), and the estimates of aerospace industry sales and employment, 2003 (Table
1.2), where in both instances, the United States leads the performance list. The
United Kingdom was second in both instances, although it has the same value of
sales as France (Table 1.2). It is assumed that, by virtue of these countries
heading the list, they have displayed national technological competence and high
technology trade performance.

2.3.1 The United States aircraft industry

US leadership in aircraft manufacturing has been a major part of the nation's
economic strength and national security for more than 50 years (NRC, 1994).
Lately, its leadership has begun to be challenged as major US aircraft

manufacturers and their suppliers face declining sales and intense international
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competition.

Other countries such as Japan, and other global companies, are relevant to the
US aircraft industry as partners, customers, and competitors. Although most of
these global companies are not competing directly in civil airframes and major
subsystems, they already possess or could acquire the capabilities needed to do
so. The Japanese companies are a good example as they are displacing US
suppliers in areas such as fuselage structures, and they dominate trade in several
critical component technologies. Firms that emphasise high quality, low-cost
manufacturing would obviously have an advantage in global leadership (NRC,
1994). Many US aircraft companies are no longer making the investments
necessary to stay on the cutting edge of manufacturing, largely as a result of
declining sales of military and civil aircraft. Japanese companies are doing the
opposite.

The forces shaping competition in the 21

century — growing but price-sensitive
markets, industry restructuring, and fewer new programs to build aircraft and
engines — continue to pressurise major US aircraft manufacturers and their

suppliers to deliver more value at lower cost.

US companies and government need to work together to develop a long-term
strategy to meet the challenges posed by other industrialised nations that view
aviation as an important part of economic growth (NRC, 1994). Although
responsibility rests with the aircraft companies themselves, government still has a
role to play in creating a favourable overall environment for the industry. A

coherent policy or institutional mechanism is required.

The National Research Council (NRC) reports on what government and industry
can do towards maintaining US technological leadership and manufacturing
capabilities while encouraging mutually beneficial interactions with countries such
as Japan. One of its recommendations is for a 35% increase in National
Aeronautics and Space Administration (NASA) aeronautics funding for three
years, with an expansion of applied research programs in subsonic aircraft and
propulsion systems. NASA should increase significantly the share of research
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contracted to industry to ensure that this kind of work will be civilly viable. The
report also calls for the elimination of obstacles to greater synergy between
military and civil aircraft production, and for new approaches for identifying and
managing critical technologies (NRC, 1994).

The major advantage for US aerospace companies is that they have a strong civil
business base, which do not necessarily rely on military business although there
has been a close connection between civil and military businesses (Crawford,
2000). The huge government funding of military projects has been a basis for spill-
overs into the civil business base for both technology and economic development.
US aerospace companies also have a consolidation of aerospace companies,
which is lacking in most developing countries. Although consolidation and
partnerships are good drivers of growth, they can also create monopolies that
affect costs, and may limit competition in the generation of new ideas.

2.3.1.1 Collaboration in America

US economic development strategy suggests that to compete effectively in the
international marketplace, US corporations need to collaborate with their domestic
competitors (The US report on aerospace, 2003). This kind of cooperation should
enhance and increase competitiveness, both domestically and internationally.
Collaboration becomes extremely important with regard to R&D, as increased
competitiveness results in increased industry standards, which provide a base for

competition at higher levels of product quality, price, and performance.

For the collaboration to be successful, government and industry have to view each
other as strategic partners who mutually advance each other’s strategic position,
share higher risks for higher rewards, and leverage financial and human resources

for these gains.

2.3.1.2 Lessons learned from US collaborations

e Joint public—private R&D collaboration strengthens the nation’s technology
strategy

e In joint R&D collaboration, all parties share in the resource commitments. As

industry commits resources from within its strategic R&D investment plans, the
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entire process aligns such investment plans using government and private
sector resources (i.e. personnel, facilities, funds) towards the achievement of
the national goals

e Strategic alliances should be long-term commitments

e Collaboration increases competitiveness.

2.3.2 The United Kingdom aircraft industry

Aerospace was one of the most vibrant and successful sectors of the UK industry
in 2003 (DTI (UK), 2003). At this time, more than 3 000 companies existed in this
industry, which employed approximately 180 000 people directly and 350 000
indirectly. The UK aerospace industry is the second largest worldwide behind the
US, making up about 15% of world trade with contributions from high-technology
field such as engineering, electronics and software, among others. It has been
adding approximately £3 billion annually to the UK balance of trade, and provides
over 10% of UK exports (Farnborough Aerospace Consortium, 2005).

According to Jackson (2004:522), in terms of the civilian—military mix in the UK
aerospace industry there has been a move away from defence (as a percentage of
sales) in favour of civilian production. This is highlighted in Figure 2.8, where it is
indicated that in 1980, over 65% of aerospace sales were in the defence sector,
whereas by 2002, the percentage sales for the defence aerospace sector had
fallen to 56%.

The UK aerospace industry is described by Jackson (2004:523) as being heavily
involved in developing technologies on a variety fronts through its R&D
programmes, mainly in fixed-wing airframes, helicopters, aero-engines, avionics
equipment, guided weapons and satellites. The firms are known for their
competencies in manufacture or assembly of complete aircraft, aircraft overhaul
and rebuilding, developing and making prototypes, and in producing aircraft
engine propulsion and auxiliary apparatus.
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Figure 2.8 The civil and defence aerospace mix as a percentage of sales
Source: SBAC in Jackson (2004:522)
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According to the DTI (UK)’'s independent report by AelGT (2003), the UK

aerospace industry’s global competitive edge is a result of three factors:

e Excellent innovative products derived from applied research, demonstration
and product development strategies in the 1970s and 1980s

e World-class productivity within key UK companies, derived from sustained
process improvement programmes and world-class skilled people

e A positive socio-economic environment in which government policy, trade
associations, trade unions and academic institutions have underpinned and

encouraged investment in aerospace (DTI (UK), 2003).

It is apparent that the British aerospace industry relies on its technology base to
remain competitive. The UK government set out its plans for the future
development of air transport in a White Paper (European Commission, 1996).
Some of the UK government’s efforts in growing the aerospace industry are
described in ATAG’s report on ‘The future development of air transport in the
United Kingdom’. ATAG is an “independent coalition of organisations and
companies that have united to support aviation infrastructure developments and
capacity improvements in an environmentally responsible manner” (ATAG, 2002).
ATAG’s funding members include Airbus, Boeing, Rolls-Royce, International Air
Transport Association (IATA) and CFM. Amongst other things, ATAG provides
advice to public authorities and governments on behalf of the international air

transport industry.

The ATAG report recommends that the UK government work in partnerships with
other governments, industry, NGOs and the civil aviation industry, as such
approaches would ensure long-term development of sustainable aviation (ATAG,
2002).

The UK government is regarded as an important partner for sustainable aviation in
the following respects:

¢ Infrastructure development

e Political and financial framework

e Economic and environmental regulations.
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The UK government should therefore be able to play a number of important roles:

e Stimulating partnerships at the local level, supporting R&D programmes,
promoting air intermodality

e Promoting the implementation of modern air traffic management and
communications, navigation and surveillance systems

e Contributing to the work of the International Civil Aviation Organization (ICAO)
on environmental standards and emission trading schemes

e Encouraging voluntary initiatives towards environmental benefits (ATAG,
2002).

The UK government provides policy guidelines to find optimum ways of stimulating
innovation and growth within the UK aerospace industry It has established,
through its Department of Trade and Industry, a body called the Aerospace
Innovation and Growth Team (AelGT). This team consists of over 140 senior
executives from the aerospace sector's major stakeholders, which include
industry, government, academia, research bodies and the unions. Four subgroups,
including a focus group on finance, conducted a study on the key challenges
facing the aerospace industry and how they could be addressed. The four
subgroups were tasked to look at various aspects impacting on industry
development, such as technology, capability and skills; engineering,
manufacturing and supply; market structure and market access; and regulation
environment and safety. A final report was presented to the AelGT executive, with
recommendations regarding stimulating innovation and growth within their specific
areas of focus. (DTI (UK), 2003).

The success of the UK aerospace industry with international ventures is based on
a partnership between industry and government (DTl (UK), 2003). Their output
has focused on international collaborative programmes, primarily with European
firms. This international collaboration led to a major improvement in economies of
scale for UK aircraft production, giving it the advantage to compete with big
companies such as Boeing. This enabled the UK to establish one of the best world

centres for large civil aero-engine systems integration.
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The aerospace and defence centre for excellence in the UK, the Farnborough
Aerospace Consortium (FAC), covers South East England and London. FAC is
basically a large aerospace and defence trade association with national and
international membership. Its main focus is on assisting UK firms in acquiring
business in a global market, and directing the development of sectors targeted for
growth within the aerospace industry. It is deeply involved with the UK AelGT

programme.

FAC has formed alliances with other associations such as the Society of British

Aerospace Companies (SBAC) and the Defence Manufacturers Association

(DMA), along with 8 other regional trade associations. FAC has specific aims:

e Delivering improved access to market

e Promoting competitiveness for meeting current and future market requirements

e Facilitating technology development and exploitation (including access to
knowledge of research and technology availability)

e Acting as a forum to interact with and influence public and private sector
organisations for support

e Providing networking opportunities

2.3.3 The Japanese aircraft industry

Mowery and Rosenberg (1984), in their study on catching-up in the aircraft
industry, predicted that catching-up in the area of large civil transport would not be
feasible for Japan before the 21! century. They stress the importance of having an
established domestic market with its research and engineering infrastructure, and

appropriate government policy.

Japan used to be the world's second largest market for aircraft, most of which
were purchased from US firms (NRC, 1994). Japan’s participation in the global
aircraft industry is more extensive than is generally recognised, and has been
achieved largely through alliances with US industry. The Japanese civil aircraft
industries participated in the development and production of the YX/767, a large-
scale international joint collaboration on the V2500 engine, CF34-8/10 engine and
B777 aircraft (IADF, 2004). This followed the development and production of the
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YS-11, the first civil aircraft developed in Japan, a project that was a failure in the
market. Japan is between stages 3 and 4 of the SIH model discussed by Hwang
(2000) as it has been involved in subassembly development, low level aircraft
system development and full system integration. Japan partnered with Boeing on
the B767 and B777 programmes, in a 15%~21% risk sharing agreement. The
Japanese have maintained an international reputation as a result of these

collaborations.

The Japanese continue to accumulate experience in the field of component
development, sales and product support, and to participate in international joint
development and production, since that affords them more learning and skills
transfer. To achieve optimum investment of financial resources, as the
development of aircraft and related components involves a great amount of risk,
the Japanese established an organisation for promoting international collaboration
between aircraft industries, where financial support is offered for international
collaborative joint projects. The organisation is called the International Aircraft
Development Fund (IADF), a non-profit organisation.

Apart from financial support for the Japanese facilitators who execute the
international collaborations on civil aircraft and engines, the IADF aims to promote
the Japanese aircraft industry internationally. Collaboration on international
projects is designed to enhance industrial technology, and sponsor international

personnel exchange and the transfer of technological know-how or skills.

With government assistance, the Japan Aircraft Development Corporation (JADC),
a consortium of Japanese aircraft industry organisations, was established for the
development of civil airplanes (JADC, 2004). The main purpose of the JADC, a
non-profit foundation, is to oversee the enhancement of the Japanese aircraft
industry. Its objective is to advance the development of civil aircraft through
research, studies and other appropriate means capable of promoting the
improvement and development of the aircraft industry, and eventually, to make a
contribution to the prosperity of whole industries, and the country as a whole.

JADC carries out a number of activities to achieve its objectives (JADC, 2004):
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e Research and studies necessary or appropriate for the development of civil
aircraft

e Tests and experiments relating to the above research and studies

e Analyses of the results of the research, studies, tests and experiments

e Facilitation and promotion of the manufacture and sale of civil aircraft resulting
from or otherwise relating to the above activities

e Any activity incidental to each of the above activities

e Any other activities necessary or appropriate to achieve the objectives of the
JADC.

The JADC plays a role by coordinating and consolidating resources, and also by
cooperating with foreign manufacturers, as the need arises, in cases where a
single manufacturer cannot afford to undertake an aircraft development program

due to resource constraints.

2.3.4 The South Korean aircraft industry
South Korea is a latecomer in the aircraft-manufacturing sector. Nevertheless, it

has shown improvements over the course of its successive production of military
aircraft such as the MD-500, the UH-60, and the KF-16. There has, however, been
limited spread of technology to other areas of manufacturing and areas of

research and development (Cho, 2003).

In the past, four main South Korean firms shared a small domestic market, which,
despite strong rivalry, did not create favourable conditions for competing in world
markets. This situation resulted in production inefficiencies and insufficient
learning and, for this reason, in October 1999 South Korean aircraft firms merged
to form the Korean Aerospace Industries Company Ltd (KAI). KAl was made up of
the four firms — Korean Air, Samsung, Daewoo, and Hyundai. Since this merge,
KAl has become the prime contractor for all domestic aircraft projects and the
national aircraft champion in South Korea (Cho, 2003). This represented a
fundamental policy shift from domestic rivalry to a national champion. In the
process, the government streamlined aircraft industry policy. “In many of the
prominent industries in which there is only one national rival, such as aerospace

and telecommunications, government has played a large role in distorting
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competition” (Porter, 1990). It should also be noted that a national champion policy
might bring negative effects such as inefficiency arising from a rigid bureaucracy,
and lack of competition amongst local firms.

The rationale behind the establishment of KAI resulted from the South Korean
aircraft industry having suffered huge unprofitabilities, high debt and over capacity.
The new strategy for consolidation into KAl was aimed at achieving economies of
scale and creating opportunities for sufficient strength to compete in the global
economy (Hwang, 2000).

Another interesting point is the fact that Korean Air, a partner in KAI, started as an
airline and later diversified into producing aircraft and airframe parts. It had the
advantage of having operated civil transport aircraft, by which means it acquired
knowledge about aircraft and related technologies. From its experience in
aeroplane operation, it became a successful aircraft manufacturer. Korean Air is
currently the only airline in the world that also produces aircraft. The kind of
diversification undertaken by Korean Air is not easy, as airframe manufacturing
requires state-of-the-art technologies such as aerodynamics, structural analysis,

avionics, new materials etc, all of which were outside its core business before.

South Korea has three aircraft related government research institutes (GRIs): the
Korea Aerospace Research Institute (KARI), the Korea Research Institute of
Machinery and Metals (KIMM), and the Advanced Agency for Defence
Development (ADD). Whereas KARI and KIMM operate under the Ministry of
Science and Technology (MOST), ADD operates under the Ministry of Defence
(MOD). KARI conducts civil aerospace technology development, with one area of
focus being aircraft and aero-engine technology development. It is also
responsible for the performance and quality evaluation of aerospace products. Its
research funds come from MOST and the Ministry of Commerce, Industry and
Energy (MOCIE). KIMM is responsible for small amounts of R&D for aircraft parts
and materials, mostly precision casting of aero-engine parts. ADD is responsible
for the development of military or defence technologies, which include aircraft and
missiles. In addition to the three GRIs, the Korea Institute of Aerospace
Technology (KIAT) also exists (Hwang, 2000).
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Prior to the formation of KAl in 1999, Korean Air initiated several aircraft
development projects through KIAT as part of system integration capability
development. The Chang Gong-91, which first flew in 1991, was the first full-scale
system development project resulting from Korean Air's initiatives, and also the
first civil South Korean-model aircraft to be officially certified by the South Korean

Government (Hwang, 2000).

The South Korean aircraft industry took into consideration the new trend of forming
strategic alliances with foreign partners, not just with the US, but also with states
from the European Union. This is a good way of sustaining an aircraft business in
the world market and it provides opportunities for the acquisition of systems
integration capabilities. By working with Boeing, KAl has the opportunity to acquire
state-of-the-art technology, although the success of the co-operation depends on
its capability for effective usage of the offset package committed by Boeing. KAl's
competitive edge should be not just in project management and financial
capabilities, but also in core technologies and the creation of the niche sector
required for its survival in the highly competitive global aircraft industry.

2.3.4.1 Some of the lessons learned by South Korea

South Korean aircraft firms learned that forming strategic alliances with foreign
partners from developed economies could equip them to develop technology
capabilities including the systems integration capabilities required for sustainable
technological competitiveness within the industry. An example is the strategic
alliance that was formed between KAl and Boeing, where KAl was able to learn
and acquire technologies from Boeing, thereby putting itself in a better position
eventually to develop its own distinctive core technologies to give it a competitive

edge.

In-house research and development (R&D) becomes a crucial factor when a
nation needs to enhance design technology within the aircraft industry. For the
revitalisation of R&D in the aircraft industry of South Korea, certain factors that
appear to be secondary to technology management aspects but that are
fundamental to the issues of building national technological competence, had to be
taken into consideration (Cho, 2000):
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The approach to the promotion of the aircraft industry should not only have
economic value in mind, but should also recognise the national security aspect
of civil aircraft, which is why government’s direct action is required. This calls
for national investment in the development of technological capabilities that
would address civil aircraft safety aspects. The Advisory Council for
Aeronautical Research in Europe (ACARE) considers aircraft safety to be one
of the objectives on the agenda for sustainable development. It has been
proposed that an 80% reduction of air transport accidents should be achieved
by the year 2020.

South Korea recognised that the aircraft industry has some beneficial
externalities such as enhancing national prestige; therefore an overall
evaluation of the industry cannot be limited to a quantitative judgment alone.
However, it learned about the importance of the aircraft sector by improving
industrial growth and national technological competitiveness. This was realized
through technological competence that followed from the strategies for
acquiring, assimilating, and improving foreign technology, which achieved
success through collaboration with developed countries. It also noted that the
competition expected in the 21 century has to be taken into account with
regard to returns on investment and the assumption of substantial risks.
Therefore, preparation for the expected competition would not be enough
without building technological capacity aimed at enhancing national
technological competence within the civil aircraft industry.

South Korea took cognisance of the fact that government support should
promote the aircraft industry with a view to attaining fundamental capabilities
for aircraft development. Government policy and continued substantial
investment are crucial in the advancement of aircraft development. This is a
very important fact as such advancement in aircraft development requires
investment in technology development capabilities, which could be better
facilitated with government support on issues such as R&D, technology
transfer, skills development as well as the broader development of a

technological infrastructure.

2.3.5 The Brazilian aircraft industry

Brazil is one of the most successful latecomer countries in the international aircraft

108



Industrial Capability and National Technological Competitiveness: The Case of South Africa’s Civil Aircraft Industry

industry. There are about 500 companies in the Brazilian aviation industry that
employs approximately 50 000 people. The development of aircraft suitable for
regional passenger transport has been a key factor in the success of the Brazilian
aircraft industry (Science and Technology, 2003). Its previous experience includes
the development of the Bandeirante (19-seater) aircraft and the Ipanema small
transport. The Bandeirante satisfied regional aviation demands and received
orders from both domestic and foreign markets, resulting in a production of

approximately 500 units.

Embraer, the Brazilian aircraft company, has been successful in the
regional/commuter market, where it developed the 30-seater EMB-120 (Brasilia),
which sold more than 400 units worldwide in 1985, most being exported to the
United States (Hwang, 2000). It became a major international supplier in the
aviation field. It also successfully developed a 48-seater EMB-145 jet transport,
and the jet fighter AMX with Alenia and Aermacchi, which are Italian-based
companies. The sale of about 200 of Embraer's new EMB-145 regional jets led to
its control of about 40% of the market by 1999. It became responsible for about
6,5% of Brazil's manufacturing exports (Freeman, 2002). Embraer drew its
strength from the regional aviation and military training sectors and applied that to
mastering the latest designs and production technologies. These ranged from
composite materials design and production, to systems integration, development
of real-time airborne software, digital mock-up, and flight-data acquisition with real-
time telemetry (Science and Technology, 2003). Embraer concentrated on key
technologies such as fuselage and systems integration, as a means of gaining
mastery and autonomy over its business, importing and integrating components as
required (Freeman, 2002). Rapid nationalisation of components would have led to

technological decline as a result of high costs.

In the Brazilian aircraft industry, technology transfer became central to the creation
of jobs or balance of trade, and as a result, became a key requirement for
procurement in the development of military aircraft (Freeman, 2002). The
approach is similar to the one followed by countries such as South Korea and
Taiwan. The acquired knowledge and lessons learned within the military context
were important for the Brazilians when it came to the development of the civil
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aircraft industry. Brazilian engineers received training from countries transferring
technology, and specialists from such countries went to Brazil to assist in setting
up production lines. One such example is the production of the EMB326 Xavante

aircraft under license from ltaly, where 70 Brazilian engineers were trained in Italy.

Exploring niche markets and regional/commuter markets had a successful
outcome for the Brazilian aircraft industry. The existing aircraft-related training
colleges and research institutes supply the Brazilian industry with highly qualified

personnel, whose employment in a thriving aeronautical industry is guaranteed.

2.3.6 Summary of other countries: Successes and problem areas

2.3.6.1 The United States

Successes:

e Emphasized high quality/low-cost manufacturing, which has given it the
advantage of increased global leadership

e Has a strong civil business base and does not rely on military business

e Has an extraordinary consolidation of aerospace companies, which is
something that is still lacking in most developing countries

e Has joint public—private R&D collaboration that strengthens the nation’s
technology strategy

e In joint R&D collaboration, all parties share in the resource commitments. As
industry commits resources from their strategic R&D investment plans, the
entire process aligns such investment plans with government and private
sector resources (i.e. personnel, facilities, funds) towards the achievement of
national goals

e Uses strategic alliances to build long term and sustainable technology
leadership

e Uses collaboration to increase technology competitiveness within firms.

Some problem areas:
US aircraft manufacturers and their suppliers are constantly under pressure to
deliver more value at lower costs for the following reasons:

o Price-sensitive markets
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e [ndustry restructuring

e Fewer new programs to build aircraft and engines.

2.3.6.2 The United Kingdom

Successes:

The UK aircraft industry is competitive because of the emphasis placed on

developing the following crucial factors:

e Excellent innovative products resulting from applied research, demonstration
and product development strategies as early as the 1970s and 1980s

e World-class productivity within key UK companies, derived from sustained
process improvement programmes and world-class skilled people

e A positive socio-economic environment in which government policy, trade
associations, trade unions and academic institutions have underpinned and

encouraged investment in aerospace.

The UK aerospace industry has maintained its competitiveness because of having
developed a good technology base. The UK government is an important partner
for sustainable aviation with regard to infrastructure development, political and
financial frameworks, and economic and environmental regulations. The UK
aerospace industry’s success in international ventures is based on the partnership
between UK industry and government, with special focus on international
collaborative programmes, primarily with European firms. The UK has one of the
best world centres for large civil aero-engine systems integration.

Some problem areas:
UK aircraft industry has focused on establishing partnerships with other European
countries, with minimal efforts to consider most developing countries, which has

resulted in few problems with regard to competing on price from low cost products.

2.3.6.3 Japan

Successes:

Japan has become the world's second-largest market for aircraft, most of them
purchased from US firms. This can be attributed to its participation in global
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aircraft development projects, and also largely to developing global alliances,
mostly with the US.

It has been successfully involved in subassembly development, low level aircraft
system development, and full system integration, as well as in aircraft
development projects as risk sharing partners.

It has used participation in international joint development and production

strategically, for greater benefit from learning and skills transfer.

The Japanese established an organisation called the International Aircraft
Development Fund (IADF), to make financial support available for promoting
international collaboration between aircraft industries. The IADF also helps to
promote the Japanese aircraft industry internationally, by promoting the
enhancement of industrial technology and the evolution of international personnel
exchange, and transfer of technological know-how or skills, through the execution
of international collaborative projects.

With government assistance, the Japan Aircraft Development Corporation (JADC)
was established to oversee the enhancement of the Japanese aircraft industry. Its
objectives are to advance and further the development of civil aircraft through
research, studies and other appropriate means capable of promoting the
improvement and development of the aircraft industry, and eventually, to make a

contribution to the prosperity of whole industries, and the country as a whole.

Some problem areas:
The Japanese aircraft industry still has an under established domestic market, too
little research and engineering infrastructure, and insufficient government policy on

the development of the industry.

2.3.6.4 South Korea

Successes:

The South Korean aircraft industry has successfully moved from domestic rivalry
to national championship, so as to position firms for global competitiveness. Major
firms merged to form a single supplier known as Korean Aircraft Industry (KAl).
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Government has been successful in streamlining aircraft industry policy, achieving
economies of scale and creating opportunities for sufficient strength to compete in
the global economy. Diversification by firms has been one of the key successes
where, for example, an airline firm has been able to diversify into aircraft and

airframe parts manufacturing.

South Korea has successfully established aircraft-related research institutes that
have focused on aircraft technology development, R&D and the performance and

quality evaluation of aerospace products.

The South Korean aircraft industry formed strategic alliances with foreign partners,
not just with the US, but also with European states. It also successfully developed
system integration capabilities through various programs resulting from such
strategic alliances. By working with Boeing, KAl had the opportunity to acquire

state-of-the-art technology.

Some problem areas:

Although the South Korean aircraft industry has improved aircraft technology
development through its successive production of military aircraft such as the MD-
500, the UH-60, and the KF-16, there has been limited spread of technology and

research and development to civil aircraft manufacturing.

Korean Aircraft Industry (KAIl)’'s competitive edge has been more in project
management and financial engineering and less in core technologies, whereas the
creation of a niche sector could be key to long-term survival in the highly

competitive global aircraft industry.

2.3.6.5 Brazil

Successes:

Brazil is one of the most successful latecomer countries in the aircraft industry.
The development of aircraft suitable for regional passenger transport has been a
key factor in its success. Its previous experience includes the development of the
Bandeirante (19-seater) aircraft, which satisfied regional aviation demands, and for
which orders from both domestic and foreign markets were received.
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Embraer, a prominent Brazilian aircraft company, has become a major
international supplier in the aviation field with the 48-seater EMB-145 and the
EMB-145 jets. Firms such as Embraer have drawn successfully on regional
aviation and the military training sector in mastering the latest designs and
production technologies, which range from composite materials design and
production, to systems integration, development of real-time airborne software,

digital mock-up, and flight-data acquisition with real-time telemetry.

The industry focused on key technologies such as fuselage and systems
integration, as a means of gaining mastery and autonomy over its business,
importing and integrating components as required. Exploring niche markets and
regional/commuter markets has contributed to its success. Technology transfer,
including skills transfer, is central to Brazil's successes. Aircraft technology
development was a requirement for procurement, where foreign experts were
invited to assist in setting up production lines. Aircraft-related training colleges and
research institutes supply the Brazilian industry with highly qualified personnel,
whose employment in the country’s thriving aeronautical industry is guaranteed.

Some problem areas:
Skills shortage remains a challenge for the Brazilian aircraft industry, as it does for
South Africa.

2.3.6.6 Theoretical relevance to the research area

Information on the successes of various countries was used to complement the
research findings that were applied to the recommendation of a framework for
technological development. Collectively, developed economies appear to have
focussed on joint public—private national R&D collaborations; R&D investments;
strategic alliances and collaborations (both national and international); government
policy that guides technology development; networks; and infrastructure
development. These elements, including those that were based on the findings of
the study, formed part of the framework proposed by the researcher. Developing
economies should exploit some of the strengths of developed economies, such as
competing on price (more value at lower costs), whereby technologies developed
or adapted become affordable. A remaining challenge for developing economies is
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the reluctance to enter into strategic alliances with developing economies for fear
of a lack of technological capabilities and national competence. The success of
developing economies can be attributed to national championships, with key firms
merging to form large corporations, with technological capabilities gathered from
various backgrounds. For developing economies, technology transfer is a focal
area for acquiring technological capabilities. The lack of infrastructure and
resources, skills shortages, and the failure to access international (and/or
domestic) markets are areas of concern. These elements should be taken into
consideration when recommending a structural framework for the development of

technological capabilities

2.3.7 Some highlights of the South African aircraft industry

Some technological competencies and capability building paths followed by the
South African aircraft industry were indicated in Chapter 1, section 1.2 in ‘overview
of the South African aircraft industry’. A number of key highlights will be discussed
in this section. The focus in this section will be on the challenges facing the South
African aircraft industry in comparison to other countries. The intentions of both
industry and government in developing industrial capabilities towards improved
national technological competitiveness will be discussed, and some initiatives
within technological development will be highlighted.

In the study done by the Department of Trade and Industry (DTI) SA to assess the
contribution of the industry in growing the South African economy, it was found
that the industry produces annual sales of more than R5 billion, employing
approximately 12 000 people and using R2,520 billion in capital. About 25% of the
industry is very closely related to the defence industry (TISA, 2002). The civil
aircraft market in South Africa consists of civil transport, helicopters, business jets,
commuter or regional aircraft and general aviation. Major successes in
manufacturing have occurred in the area of sub-contracting to major international
aircraft manufacturers or their suppliers. Local companies have been successful in
manufacturing auxiliary drive gearboxes, flaps, rudders, landing gear and pylons
for aircraft. About half of the companies in the industry are involved in
maintenance of aircraft, and have high technical aircraft maintenance skills and
facilities.
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The domestic market in South Africa is not large enough to support its civil aircraft
sector, therefore firms are not building capabilities in the aircraft industry based on
domestic demand but rather on global market demand.

Some aircraft firms share complementary activities such as technology
development, and facilitate the flow of information or knowledge exchange,
thereby promoting international competitiveness. More learning is required, and it
could be easily coordinated within a national championing infrastructure support
system. As the market in South Africa is very small, it does not allow domestic
rivalry to happen effectively. Denel and Aerosud work together as they have
expertise in engine component supply and airframe interior designing,
respectively, hence they complement each other in terms of aircraft development

and capacity building.

In the past, government played a large role in distorting competition by funding the
military aircraft sector, Denel being the main beneficiary. Both Denel and Aerosud
are national champions of military aircraft, with the capability of becoming national
champions for civil aircraft. Their capabilities in both engines and airframes, based
on a foundation of military aircraft experience, have grown significantly over the

years.

Government, through its policies on capital markets, education or issuing of
subsidies, can influence or shape national competitiveness. This can in turn affect
factor conditions. The interest by the South African government in establishing a
strategy for developing the civil aircraft industry, and also in providing funding in
that regard, could have a major impact on the capability building and
competitiveness of local firms. It is the responsibility of national government to
impose standards and regulations, make business interaction more efficient,
provide communication infrastructure, create an appropriate formal educational

system, and supervise property rights (Calliano & Carpano, 2000).

2.3.7.1 Some challenges and problem areas
As highlighted earlier in this document, the aircraft sector is characterised by huge
capital investments (required for business development), substantial research and
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development (R&D) (associated with technology development), and long product
development periods (sometimes more than a decade from inception to final
product). These are challenges that the local South African aircraft industry has to
face, given the current inadequate resource-base, in order for the sector to make

the most of opportunities and realise capabilities for facilitating growth.

There are a number of problem areas in the South African aircraft industry:

e A poorly developed technology base

¢ Aninadequate resource base (skills, R&D, funds)

¢ [nsufficient experience for certain levels of aircraft development, e.g. assembly
of civil aircraft

e Very little collaboration between firms and few strategic alliances with foreign
partners

e Insufficient government support for R&D, technology transfer and skills
development

e A poorly developed technological infrastructure.

These elements appear to be similar to the ones identified as problematic in the

literature on developing economies.

The South African aircraft industry is aware of global trends in aerospace, and

these could be used to address some of the problem areas indicated above. The

Aerospace Industry Support Initiative document highlights a number of global

trends in the international aerospace sector (AlSI, 2005):

e (Consolidation, such as the merger of Boeing and McDonnel Douglas, and
those within the European aerospace industry

¢ Moves towards single source suppliers

¢ Development of technological innovation to address global events such as the
September 11 attack on the Twin Towers

e A drive towards risk and revenue sharing partnerships.

These global trends are challenges for the South African aircraft industry in that if

they are not considered when local technology development strategies are

formulated, the current innovation inefficiencies in the industry might continue.

These challenges are currently being considered by the South African aircraft
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industry, together with government, in the proposal of a strategy that will see the
development of improved competitiveness for the local industry.

As is the case of similar environments, such as Australia and New Zealand,
general aviation (GA) is a significant part of the total South African aviation
landscape (AISI, 2005). A key problem for the South African aircraft industry is that
its GA has been declining in the past few years, with few new successful
manufacturing entrants and an ageing countrywide fleet. The reason for such a
decline remains to be determined. However, in the case of Australia, the
downward trend has been attributed to rising costs (both operating and purchase),
the lack of government policy, and the lack of financial incentives such as tax and
other rebates. It must be noted that there are fairly onerous regulatory and
certification issues pertaining to this sector, so the involvement of the relevant civil

aviation authorities is paramount in any shift in the sector (AISI, 2005).

2.3.7.2 Highlights of current initiatives by government and industry

The South African aircraft industry has learned from other successful countries,
such as New Zealand (which in comparison to Australia has an extremely vibrant
general aviation sector), that in order to develop improved national technological
competitiveness, appropriate measures have to be taken to nurture, protect and

promote the industry.

It has been noted earlier in this document that South Africa is becoming important
as a regional hub for maintenance repair organisations serving operators flying in
sub-Saharan Africa. This is one area that can be fully exploited by the South
African aircraft industry, where technology development is a necessity for
competitiveness to be realised. Turbomeca Africa, a joint venture company formed
by Denel and the French group Turbomeca, is an African investment in the area of
engine manufacture, focusing on domestic firms as well as international firms such
as Rolls-Royce and General Electric. It also provides support for repairs and
overhauls of civil and military helicopter engines in sub-Saharan Africa. This form
of partnership can enhance the learning and skills development necessary for the
technology development of South African aircraft firms in the area of aircraft

maintenance.
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The South African aircraft market has certain competitive advantages (TISA,
2002):

e Availability of aircraft maintenance skills and facilities

e Availability of modifications skills and facilities

e Availability of upgrade skills and facilities

e Availability of design and manufacturing skills in the area of helicopters

e Low labour costs

e Strong support from avionics and the information telecommunication industries
e An aviation hub for Southern Africa

e Existing aviation training centres

e Various FAA and JAA certified companies

e Sufficient space for business operations.

Some of the capabilities of South African aircraft firms have been highlighted in

Annexure 1. Business growth prospects for the South African aircraft industry,

based on existing capabilities, appear to be in the following fields (AMTS, 2003;

TISA, 2002):

e Aircraft maintenance

e Aircraft conversions of military and civil aircraft

¢ Aircraft modifications, including aircraft upgrades, refurbishment and
conversions

e Manufacture of components and sub-system levels

e Upgrading existing skills for composites, rotor wing propeller blades, avionics,
gearboxes and interiors.

e Sub-contracting and third-party work.

e The Industrial Participation Program (IPP), offered by the South African
government through the DTI in support of investment or trade in South African

industries.

The competitive advantages of the South African aircraft industry highlighted
above need to be exploited further to achieve higher levels of national growth.
Therefore, this study aims to propose frameworks that enable the competitive

advantages and capabilities to be fully exploited in developing a national,
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technologically competitive civil aircraft industry, taking into consideration
proposed growth prospects for the SA aircraft industry. Government and industry
could initiate technology development strategies for the South African aircraft
industry using existing capabilities and competencies, in line with global

technology development trends.

The AISI document (2005) suggests that the local general aviation (GA) sector
would benefit from the following initiatives:
e A detailed study on GA in South Africa, both civil and recreational
¢ The development of models for increasing investment in GA, encompassing:
» Manufacturing under license
» Design of new aircraft types for local manufacture, and local and
international sale
» Flight safety and GA security benchmarks
e Appropriate measures related to:
» Tax incentives
» Manufacturing allowances
e The promotion of GA manufacturing companies both domestically and
internationally though mechanisms such as Africa Aerospace and Defense
(AAD) exhibitions.

The strategy developed by the Department of Trade and Industry (DTI) SA
indicated in the Aerospace Industry Support Initiative document (AISI, 2005),
states that “technological and business agenda for innovation must be created” so
as to afford partnerships the opportunity to collectively generate long-term
strategies around certain issues:
e The generation of a suitable business and technology infrastructure that will
last until well beyond 2014
e A human capital base agenda that will nurture the country’s future experts
while retaining the present expertise
e The facilitation of mechanisms for:
» Communicating industry needs and expectations to government, whilst
achieving the same for government

» Collective manufacturing and marketing (clustering and integration)
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» Supply chain management
» Supplier base assistance:
v" Funding mechanisms
v' Active small, medium and micro enterprises (SMMEs), black
economic empowerment (BEE) development
» Suitable business climate creation (partnerships and clustering amongst
domestic and international industry organisations)

» R&D re-focus and expenditure increase.

The government initiative ‘A strategy for a sustainable, economical and growing
aerospace industry (ASSEGAI) was produced during the development of the
Advanced Manufacturing Technology Strategy for the Department of Science and
Technology (DST) in 2003. This followed a consultation process with local large
aircraft firms (Denel, Aerosud, SAA Technical, AMS, AMD, Grintek, IAS and ATE)
and government departments or ministries (DTIl, DST, DPE, DOD and DOT) that
started in November 2003. Figure 2.9 is a graphic representation of the outcomes
of the ASSEGAI process, where it was determined that the industry should move
away from a prescriptive industrial mindset, in which the international partners
expect the local industry to manufacture according to a fixed design or recipe,
towards a more beneficial future in which the domestic aircraft industry owns not
only the intellectual design and rights but also the actual manufacturing process
itself (AISI, 2005). Figure 2.9 also illustrated those areas in which the AlISI needs

to develop and engender the correct processes and frameworks.
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Figure 2.9 Graphic representation of the outcomes of the ASSEGAI process
Source: AISI Aerospace Industry Support Initiative 2005. Implementation Strategy
for the Department of Trade and Industry, SA

With regard to skills and technology development, which appears to be a problem
area for the South African aircraft industry, there is an immediate and future need
to move the skilled people who make up the labour force of the industry to
strategic areas where their skills could be fully exploited and transferred
accordingly. Although very limited in number, these skilled people exist right
across the aerospace sector, from artisans undergoing workplace learning for
production purposes, through to the scientists working on innovative future

technologies in academia and the science councils.

The AISI document (2005) proposes the following initiatives be undertaken by

government, as part of skills and technology development:

e The development, implementation, monitoring and evaluation of a skills
strategy for the industry

¢ The identification of current and future skills needs of the domestic aerospace
industry by, amongst other initiatives, monitoring general and industry labour

market trends
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e The improvement of linkages between the aerospace industry and education,
including joint curricula development

¢ Monitoring of technological trends and their potential impact on the global and
local industry, and implementation of a research and development strategy

e Facilitation of specific capacity-building projects, including internships,
learnerships and bursaries

e Fostering of collaborations with skills and education training authorities
(SETAs) and provision of advice to aerospace companies on skills
development matters

e Facilitation of engagement with government on skills, human resource

development (HRD) and education policy, strategy and programmes.

Furthermore, some key technology areas that need to be developed for the local
aircraft industry have been identified through the study done by the DTI (SA) on
Technology Development Trends (DTl (SA), 2004b), and the work done through
the ASSEGAI process (CSIR, 2003) mentioned earlier in the document. Certain
key technologies have been identified:

e Composite materials

o ICT

e Alloy technologies

e Ultra light materials

2.3.8 Situational analysis of various countries in comparison to South Africa

Situational analysis was done to compare the South African aircraft industry to
those of other countries and to identify the gaps existing in that regard. This would
be used when conducting interviews aimed at resolving industry problems and in

developing frameworks for South Africa for civil aircraft technology development.

2.3.8.1 Common paths and trends followed by various countries in
developing technological competence and capacity building

Table 2.7 highlights some of the important aspects considered by countries
growing their aerospace industry. This was to be compared to data collected

during the case study research and interviews in certain instances.
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Table 2.7 Situational analysis of various countries

Competency area iouth Japan | Brazil | USA | UK | EU | SA
orea

Technology development X X X X X X

R&D programme (public X X X X

or private)

Other incentive X X

programmes

Government support X X X X X X X

Market acquisition X X X X

assistance

Firm collaboration and X X X X X X

strategic alliances

Aircraft-related research X X

institutes

Skills X X X X

transfer/development

Technology transfer X X X X

From the literature review, it emerged that most countries have used the paths and

trends discussed below to achieve their successes within the aircraft industry.

2.3.8.1.1 Strategic alliances and collaboration

Many countries believe that collaboration is crucial for an aircraft industry to

develop. For such collaboration to be successful, government and industry have to

view each other as strategic partners who mutually advance each other’s strategic

position, share higher risks for higher rewards, and leverage financial and human

resources for these gains. These were some of the lessons learnt under such

collaborations:

e Joint public—private R&D collaboration strengthens a nation’s technology

strategy

e In joint R&D collaboration, all parties share in the resource commitments. As

industry commits resources from within their strategic R&D investment plans,

the entire process aligns such investment plans with government and private

sector resources (i.e. personnel, facilities, funds) towards the achievement of

national goals
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e Strategic alliances are important in building the long-term sustainability of an
aircraft industry

e Collaboration increases competitiveness.

The formation of strategic alliances with foreign partners from developed
economies can equip firms for developing technology capabilities, including the
systems integration capabilities required for sustainable technological
competitiveness within the industry. An example is the strategic alliance that was
formed between Korean Aerospace Industries (KAI) and Boeing, where KAl was
able to learn and acquire technologies from Boeing, thereby putting it in a better
position to develop its own distinctive core technologies eventually, for a
competitive edge.

2.3.8.1.2 Research and development (R&D)

In-house research and development (R&D) is a crucial factor in enhancing design
technology within an aircraft industry. Most governments in the countries studied in
this project offered support for technology development by funding R&D, where
global technology development trends were followed, in line with the agenda for
sustainable development proposed by the Advisory Council for Aeronautical
Research in Europe (ACARE), to be achieved by the year 2020 (ATAG 2002).
Government should promote the aircraft industry with a view to attaining

fundamental capabilities for aircraft development.

2.3.8.1.3 Government policy in support of technology development
Government policy and continued substantial investment could be crucial in the
advancement of aircraft development. Such advancement requires investment in
technology development capabilities, which are better facilitated with government
support for issues such as R&D, technology transfer, and skills development, as
well as the broader development of technological infrastructure. Incentive
programmes have been offered in certain instances by most governments to
support technology development, although in other countries these are not
specifically designed for the aircraft industry.

Government has been seen to be offering guidelines with regard to consolidation
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and coordination of efforts towards technology development in the aircraft industry.
A number of areas are crucial for government intervention as part of supporting
technological development in the aircraft industry:

¢ |[nfrastructure development

e Human resource development

e Political and financial frameworks

e Economic and environmental regulations.

2.3.8.2 Conclusion: What the common paths and trends mean for the South
African aircraft industry

Based on the items in Table 2.7 above, and the factors common to the success of
many countries, it is clear that South Africa has some challenges that need to be
addressed in order to develop a sustainable well-developed aircraft industry. The
common aspects in the success of many aircraft firms in developing technological
competitiveness in the countries discussed (South Korea, Japan, the UK, EU,
Brazil, and the USA) were: Government involvement, collaboration between firms,
strategic alliances (local and international), and large investments in research and
development to enhance technology development. Developing countries focused
more on skills development and transfer, where they relied mostly on technology

transfer and exchange programmes to improve skills.

It is not known if the current government support in South Africa is enough to
position the industry to build more technological capabilities, and whether it is
comparable to that provided by governments in other countries to their civil aircraft
industry.

It is evident from the literature studied that skills shortage is a major problem in the
South African aircraft industry, in which many scientists are reaching retirement
age in the absence of a ready pool of graduate replacements, and where
technology development expertise continues to decline. An analysis based on the
available literature suggests that technological capability challenges could improve
if the South African aircraft industry had more collaboration and strategic alliances,
both local and international, instead of relying just on technology transfer.
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2.4 The existing gap in theory and literature

A gap appears to exist in the literature on technology development frameworks for
civil aircraft industry in that many studies discussed in the theoretical background
of this document focused on the complexity of the global aircraft industry, and
partly on capacity-building frameworks, although mostly not specifically for the
aircraft industry. Little is said regarding empirically successful models or
frameworks that developing economies should follow to build a civil aircraft
industry towards national technological competitiveness, thereby integrating firms
into the global value chain. It is also not very clear how a technology base
necessary for the industry to gain global technological competence, as well as
support mechanisms for building technological capabilities, could be provided as
means for building the civil aircraft industry. Such a gap calls for a new or
improved theory to provide a strategy for developing the civil aircraft industry
towards national technological competitiveness. Although some information is
provided on elements that could influence development of technological know-
how, there is no discussion on how the framework for technology development

should be structured so as to facilitate industrial technological capabilities.

New theories are needed to provide frameworks that show the correlation between
attributes such as government policy and support, skills development
programmes, infrastructure development, the organisational structure of industry,

and the level of development of the technology base of the civil aircraft industry.
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