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Chapter 1 

Introduetion 

Economie growth and development of nations is a bighly dynamic pbenomenon, wbicb often 
bas been cbaracterised as a process of •catching up, forging ahead and falling bebind' 
(Abrarnovitz, 1986). For exarnple, in the past the Netherlands, United Kingdom and USA 
have consecutively been identified as the world economie leaders (Landes, 1998; Maddison, 
2002), while more recently Korea and Taiwan have shown rapid catch up and industrial 
development (World Bank, 1993). The latter countries are often referred to as 'miracles', 
indicating that their successful growth and catch up bas been exceptional and far from 
obvious. In fact, it seems that a significant proportion of countries do not engage in catch up 
and an economie and technological divergence bas occurred between 'ricb', 'developed' or 
'industrialised' countries on the one hand, and 'poor', 'developing' or 'industrialising' 
economies, on the other. The rich countries, roughly composed of Western Europe, its 
offshoots and Japan, have managed to sustain economie growth over long periods while the 
poor countries, mainly located in Latin America, Asia and Africa, show much more 
heterogeneity and instability in their performance, ranging from explosive growth to 
regression and everything in between (Table 1.1 and Table 1.2). 1 

Overall, it bas been shown that the distribution of world income per capita exhibits a 
twin-peaked shape, marking the divide between the two groups of countries (Quah, 1995; 
Quah, 1997). The average income per capita in Africa, the poorest region in the world, is 
more than 15 times lower than that in the Western economies and Japan, tbe wortd's ricbest 
regions. Ofthe wortd's 6 billion people, 2.8 hiliion-almost half -live on less than US$2 a 
day, and 1.2 billion- a fifth -live on less than $1 a day (World Bank, 2000). To improve 
human welfare, we need to find out what determines the process of catching up, forging 
ahead and falling bebind and why some countries have beoome growth miracles and others 
havenot. 

So far most research has investigated economie growth and catch up at the national or 
manufacturing level. In this thesis, I will analyse the long-run development of only one single 
manufacturing sector (tbe pulpand paper industry) in an industrialising country (Indonesia) 

1 Also see Baumol (1986) and De Long (1988), who analyse economie convergence and divergence, and 
Pritchett (2000), wholooks at disparities in growth perfOrmance across developing countries. 
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2 Chapter 1 

in an international comparative setting. As such, I am able to examine the micro dynamics of 

industrial development and catch up, not possible in the conventional aggregate studies. 

Another advantage of this approach is that the technological, institutional and economie 

context, which differs considerably between poor and rich countries, can be taken into 

account. 

The structure of this chapter is as follows. Section 1 focuses on the catch up 

hypothesis and the main findings of the empirical research on this topic so far. In Section 2, I 

describe the drawbacks of the present research on catch up and the need for a more micro
oriented approach. The section also sets out the aim of the thesis and the main questions 

asked. Next, a brief description of Indonesian economie growth and catch up is presented. 

The sectionis meant to give a concise description ofthe macro context in which the pulpand 

paper industry bas been embedded. Finally the outline of the thesis is presented. 

Table 1.1: GDP per Capita Levels for Major Regions, Selected Years 

1820 1870 1913 1950 1973 1998 

Western Europe 1,232 1,974 3,473 4,94 11,534 17,921 

Western Offshoots 1,201 2,431 5,257 9,288 16,172 26,146 

Japan 669 737 1,387 1,926 11,439 20,413 

Asia (excluding Japan) 575 543 640 635 1,231 2,936 
Latin America 665 698 1,511 2,554 4,531 5,795 

Bastem Europe and former USSR 667 917 1,501 2,601 5,729 4,354 

Africa 418 444 585 852 1,365 1,368 

World 667 867 1,510 2,114 4,104 5,709 

Note: Values in 1990 international dollars. 

Source: Maddison (2002). 

Table 1.2: GDP per Capita Growth (%) for Major Regions, Selected Years 

1820-1870 1870-1913 1913-1950 1950-1973 1973-1998 

Western Europe 0.95 1.32 0.76 4.08 1.78 
Western Offshoots 1.42 1.81 1.55 2.44 1.94 
Japan 0.19 1.48 0.89 8.05 2.34 
Asia (excluding Japan) -0.11 0.38 -0.02 2.92 3.54 

Latin America 0.10 1.81 1.42 2.52 0.99 
Bastem Europe and former USSR 0.64 1.15 1.50 3.49 -1.10 
Africa 0.12 0.64 1.02 2.07 0.01 

World 0.53 1.30 0.91 2.93 1.33 

Note: Annual average compound growth rates. 

Source: Maddison (2002). 

1.1 The Catch-Up Hypothesis 

In the research on economie growth the 'catch up' hypothesis commonly refers to the idea 

that in the long run countries with a relatively low level of Iabour productivity will exhibit 



Introduetion 3 

faster productivity growth than countries that operate at higher levels of Iabour productivity 

(Abramovitz, 1986). The rationat bebind this hypothesis is that technologically backward 

countries (i.e. low-income countries) carry the potential for rapid advance because they have 
the opportunity to exploit a backlog of technologies that already have been developed by 

technologically teading countries {i.e. high-iocome countries).2 Technology refers to both the 

physical processes {embodied technology) that transform inputs into outputs and the 

knowledge and skilis (disembodied technology) that are required for carrying out these 

transformations. Viewed in this way, catch up would be a self-limiting process. As following 
countries adopt best-practice technology, the possibility to reptace obsolete technology 

beoomes smaller and smaller, finally teading to convergence in productivity and income 

levels. Table 1.1 and Table 1.2 clearly demonstrate that such a global convergence process is 
not observed in reality. Only a few countries are catching up while others show relative 

stagnation or are even falling bebind completely. Why is this so? 

Abramovitz (1986; 1989) provides a qualification ofthe 'simpte' catch-up thesis in 

order to provide an explanation for the global pattem of divergence. He discems between the 

potential for catch up and the realisation of catch up. Like the simpte catch-up hypothesis, 
potentialis determined by a country's distance to best-practice technology. Hence, the larger 
the technology gap, the more opportunities there for rapid advance. In addition, Abramovitz 

argues that potential depends on the congruence between the properties of the technology on 

the one side and market scale and resource endowrnents of a country on the other. 

Specifically scale-intensive production might be a problem for follower countries with a 

small dornestic market. The ability of a country to realise the potential for catch up is 
determined by its social capability. Social capability is very broadly defined by Abramovitz, 

capturing technica! competence, which refers specifically to the capacity to acquire, use and 
diffuse technology (e.g. educationallevel and share of population with training in technica! 

subjects) but also include infrastructure (power, transport and communication) and the 

politica), commercial, industrial and financial institutions of a country. As Abramovitz admits 

himself, the problem with the concept of social capability is its broadness, which makes it 

difficult to quantifY and analyse: "The trouble with absorbing social capability into the catch
up hypothesis is that no one knows just what it means or how to measure it" (Abramovitz, 

1986, p. 388). 
Under the heading of 'the technology gap approach to economie growth', a number of 

evolutionary economists (Fagerberg, 1988; Verspagen, 1993; Fagerberg and Verspagen, 

2002) have refmed and extended the thinking on catch up. They regard technological 

differences between countries as the prime cause for ditierences in iocome per capita. Global 

economie growth is shaped by the forces of innovation and diffusion. Junovation is the 

creation and commercialisation of technologies new to the world, predominantly taking place 
in teading countries, while ditfusion refers to the spread of existing technologies, the main 

souree of growth for following countries. Catch up can therefore be described as a process of 

2 Oerschenkrou (1962) is generally acknowledged as one of the fust authors to point out the 'advantages of 
backwardness' for growth and development. 
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'shooting at a moving target'. In addition, evolutionary economie scholars have pointed out 
that technology is nota 'pure' pub1ic good, which can betaken ofthe shelffor free. Rather, it 
is embedded in, and influenced by, organisational structures, such as finns, industries or even 
countries often referred to as 'systems of innovation' (Lundvall, 1992; Nelson, 1993)- as 
wellas wider technological, economie and institutional domains (Freeman and Louca, 2001). 
Accordingly, it bas been argued that teehoical change is a highly cumulative and path 
dependent process in which bistorical events may have long-lasting effects (David, 1985; 
Wright, 1997). 

All of this indicates that catch up is a long-term, difficult and fur from automatic 
process. Successful industrial development implies that countries have to go through a 
process of structural transformation from low technology to more complex manufacturing 
sectors, which mastery requires the accumulation of human capita! (i.e. education) and 
physical capita! (i.e. investment), as welt as learning and innovation (Lall, 1996; Nelson and 
Pack, 1999; Amsden, 2001).3 Evidence from the East-Asian miracle economies indicates that 
industrial and technology policies play a crucial role in stimulating technologicallearning and 
assimilation. 

In addition, it bas been stressed by development economists that catch up also 
involves the implementation of a set of 'primary' policies (Westphal, 2002), which are 

regarcled by both mainstrearn and heterodox economists as basic (but not necessarily 
sufficient) conditions for the realization of economie growth. These roughly include: 
maintaining macroeconomie stability; striving for successful agricultural development, 
including equitable distribution of land; establishing institutions, which enable transactions 
among economie agents, such as property rights; supplying basic infrastructure; establishing 
financial markets; and promoting education, especially the provision of high skilied engineers 
and teehoical training. The primary policies generally serve to remedy generic market failures 
in product and capita! markets caused by imperfect information and extemalities, which even 
prevail in industrialised countries. In developing countries, these market failures tend to be 
more pervasive (Stiglitz, 1989), indicating the need for a strong state to remedy them. 

There exist a large number of empirica! studies investigating economie growth and 
catch up, which can be roughly divided into two approaches. 4 First, using a standard 

production function framework, one can decompose GDP growth (Y), into its 'proximate' 

sources, consisting of the growth in human capita! ( L) and the growth in physical capita! 

( k ), each weighted by their respective shares in national income (s1 and sk), and the growth 

in total factor productivity ( Á ): 

• 
(1.1) 

3 The view sketched hereis sometimes referred to as 'assimilation' theory. Another view that eoJphasises the 

role ofhuman and capital investment is called 'accumulation' theory. In the l990s there was a heated debate 

between 'accumulationists' and 'assimilationists' on the sourees of growth ofthe East-Asian miracle countries. 

See Nelson and Pack (1999) and Felipe (1999) for reviews ofthe debate. 
4 See Maddison (1987), Fagerberg (1994) and TeoJp1e (1999) for overviews on eo3pirical growth research. 
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Total factor productivity can be considered a 'residual', which, besides technica! change, also 

captures a range of other factors including: economies of scale, structural change, capacity 

utilisation and measurement error (Denison, 1967). This methodology, which is commonly 

referred to as growth accounting, has been used in a variety of ways to study economie 

growth and catch up. An example of such work, on which this study builds as well, is the 
International Comparison of Output and Productivity (ICOP) project (Ark, 1993), executed 

by the Groningen Growth and Development Centre. In the project long-run trends in the 

levels {as opposed to growth rates in equation 1.1) of Iabour and total factor productivity are 
gystematically compared at various levels of aggregation across countries. Such an analysis 

provides information on the size of the international technology gap and the scope for 

catching up. 

A second empirical strategy to investigate the determinants of economie growth and 

catch up is the application of cross-country growth regressions. Besides the 'proximate' 
sourees of growth, the type of analysis also allows for the format investigation of 'deeper' 

economie and social sources, depending on the availability of suitable indicators. Some ofthe 

factors which have been found to be correlated with economie growth are: financial 

development (King and Levine, 1993); education (Benhabib and Spiegel, 1994); natural 
resources (Sachs and Warner, 2001); gevernanee (Kaufmann and Kraay, 2002); social 
infrastructure (Hall and Jones, 1999); geography (Gallup et al., 1999); and R&D and Patents 

(Fagerberg, 1988; Verspagen, 1993). 

1.2 Aim of the Thesis 

So far, the empirica! research on economie growth and catch up, surveyed above, bas 
predominantly been conducted at the macro level. Although, studies using aggregate growth 

accounting or cross-country regression have been useful to identify associations between 

elements influencing the success and failure of economies, it bas been argued that their 

approach is too aggregate to take into account the complexity ofthe growth process (Nelson, 
1981; Kenny and Williams, 2001). 

As explained above, economie development and catch up are long-run and dynamic 

processes, which heavily depend on the wider technological, economie and institutional 
context. This aspect seems to be especially important when studying industrial growth in 

developing countries, which, in contrast to advanced economies, are generally characterised 

by weak institutions, market failures and macroeconomie turbulence. Consequently, through 

micro-to-macro linkages, this will strongly affect the behaviour of firms and the long-run 

development of industries (Cimoli and Katz, 2003). Por instance, frequent mention has been 
made ofthe dual economy characteristics of industries. Institutional entry harriers, inadequate 

industrial policy and a shortage of skilied Iabour prevent the ditfusion of technology and 

allows the simultaneons existence of large-scale capital intensive firms and small traditional 
companies, using outdated equipment that produce similar goods (Nelson, 1968; Blomström 

and Wolff, 1997; larnes and Kahn, 1998). The dual market structure frequently observed in 

developing countries indicates that the distri bution in firms' performance is much wider than 
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in industrialised countries. What is referred to as 'catching up' in macro-orientated studies, 

might in reality just be the result of an aggregation bias caused by the emergence of a small 

number of modem firms, while the majority of plants are in fact lagging far bebind the 
technology frontier. Hence, to understand catch up one also needs to investigate aspects like 

the evolution of market structure, the entry, exit and survival of firms, and the diffusion of 

( embodied) technology. 

In this respect, the work by Klepper (1997) and Utterback (1994), who investigate the 

industry life cycle from birth to maturity, is of particular interest. They find regular patterns 

in the interaction between competition, market structure and technica! change. Nonetheless, 

this line of research is still in its infant stage and much is left to be done. So far, the studies 

have been chiefly based on the analysis of high and medium-tech industries in the rich 

countries, while studies on industry evolution in developing countries are scarce. 

In development economics, there bas always been a perception that growth and 
technica! change occur at the micro level. One only bas to reeall the debates on appropriate 

technology in the 1970s (e.g. Timmer et al., 1975; Stewart, 1977) or refer to the studies of 

Lall (1987) and Katz (1987) on tirm-Ievel technological capabilities. Recently, some attempts 

have been made to analyse the dynamics of plant-level performance in developing countries 
using manufacturing census data (Roberts and Tybout, 1996; Aw and Batra, 1998). Tybout 

(2000) presents an excellent summary of the state-of-the-art in this field. Although valuable, 

the above mentioned work offers only a limited picture. Given the data limitations in 

developing countries, the analysis is often performed on broad samples, turnping tagether 

firms producing different goods or using various technologies, which might not be 
comparable. Further, the time period covered is mostly short and therefore growth dynamics 

cannot be observed. Finally, the majority of studies (an exception is Pack (1987)) lack an 

international perspective and therefore catch up cannot be assessed. 

The aim of this thesis is to increase the understanding of industrial development and 

catch up of developing countries at the micro-level by taking the case of the Indonesian pulp 

and paper industry. There are several reasons why this particular industry provides an 

attractive case study of growth and catch up. First, before the Asian crisis of 1997, Indonesia 

was considered a second-tier Asian tiger (World Bank, 1993). Growth in GDP per capita 

averaged 3.6 percent per year between 1960 and 1998. The evidence suggested that the 

country was on a progressive path of industrialisation and development, crudely disrupted by 

the Asian crisis in 1997 (Hili, 2000b). Second, the pulp and paper sector was one of the 

important sectors in the Indonesian industrialisation. lt is among the oldest manufacturing 
sectors in Indonesia, originating in 1923, when the first mill was started up in Java. With an 

annual average growth in output of more than 15 percent between 1960 and 2000, pulpand 

paper manufacturing bas been one the fastest growing industries of the New Order of the 

Suharto regime. Since the mid-eighties, it was a stated aim of industrial policy to transfarm 
lndonesia into one of the major players in the world paper market. As a result, the pulp and 

paper industry experienced spectacular further investrnent and growth and Indonesia became 

one of the largest exporters and producers of pulp and paper in the world. Capita! 

accumulation was unprecedented during this phase and pulp and paper firms installed the 
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latest vintages of machinery, which emulate those operated in Finland, the world 

technological leader in paper manufacturing. Concluding, there seems to be considerable 

evidence which indicates that the lndonesian pulp and paper industry was experiencing 
successful industrial progress and catch up. Finally, the availability of high quality bistorical 

data at the plant and technology level, a rarity for developing countries, also contributed to 

the choice of the country and the industry studied. 

The main questions this thesis addresses are: What industrial strategies have been 

used to stimulate the development of the Indonesian pulp and paper industry? How did they 
influence industry evolution? What bas been the rate and pattem of embodied technological 

change? Are Indonesian paper mills approaching world best-practice performance? And what 

bas been the extent of technological leaming in the lndonesian pulp and paper industry? 
Together the answers to these questions will provide insights on whether industrial 

development of the Indonesian pulp and paper industry can be characterised as catch up, 

relative stagnation or falling bebind from a micro perspective? In addition they offer 

interesting input for industrial policy formulation and growth research in general. 

1.3 Economie Development and Catch Up oflndonesia 

Indonesia's economie development is a complex story, characterised by a wide variability in 

performance, policy and extemal conditions. As there are a number of excellent overview 

studies on this subject, I will only give a brief sumrnary, which serves as a background for the 
casestudy on the pulpand paper industry.5 

Despite the unexpected crisis and collapse in 1997, the Indonesian economy has 

undergone profound structural transformation and development. In the early-1960s Indonesia 
was among the poorest countries in the world. On average GDP growth was zero and 

intlation reached more than 500 percent. Due to the deplorable state of the economy 

Indonesia was characterised as a 'chronic dropout' by contemporary development 

economists.6 lt was only after 1966, when Suharto came to power and the New Order period 
began that growth took off. The next thirty years witnessed rapid improverneut on all fronts. 

Table 1.3 presents sumrnary data for a range of socio-economie variables over time. Real 

income per capita adjusted for purchasing power parity (PPP) increased :from $1 ,019 in 1960 

to $3,375 in 1995, corresponding with an average annual growth rate of 3.5 percent per year. 

Growth was spurred by dornestic investment, which increased from 9 to 31 percent ofGDP, 
and was facilitated by the construction of roads, telephone lines and other comrnunication 

in:frastructure. These developments were paralleled by rapid structural change and 
industrialisation. The share of industry in GDP increased from a very low 15 percent to 42 

percent, replacing the agricultural sector, the share ofwhich diminished from 51 toa mere 17 

percent. In addition to structural change, Indonesia also experienced a tumaround in 

5 A landmark study is the book by Hill (1996b), who meticulously analyses the development ofthe Indonesian 
economy since 1966. Other excellent descriptions of Indonesian growth are given by Bhattacharaya and 
Pangestu (1997), Fane (1999) and Temple (2003). 
6 The original quote is from Benjamin Higgins, taken from Hill (1996b, p. 1). 
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educational attainment and social conditions. The illiteracy rate decreased with more than 
two-thirds accompanied by a rise in enrolment rates at all levels of schooling. Social changes 
are reflected by the figures for life expectancy and infant mortality, which improved notably. 

Indonesia's economie success was not a uniform or gradual process, rather the 
opposite. One can roughly divide the period between 1966 and 1997 into three sub-periods, 
each characterised by a distinct set of policies and external conditions (Fane, 1999). In the 
sub-period between 1966 and 1973, the government successfully introduced orthodox fiscal 
and monetary policies, which brought intlation rates down from more than 500 in 1960 to 
only 6 percent in 1970. Other economie reforms included the removal of trade harriers and 
promotion of foreign investment. Finally, the government also managed to re-establish 
connections with the international donor community. The result was rapidly increasing 
growth rates ofGDP, reaching more than IO percent in 1968. 

The sub-period between 1973 and 1986 was characterised by import substitution and 
the oil boom. The two oil price hikes provided the government with massive windfall gains, a 
part of which was used to finance an ambitious heavy industry programme. Most new 
investments were channelled through large state-owned enterprises while foreign investment 
became increasingly restricted. To proteet the newly established companies, an extensive 
range of import tariffs and non-tarifftrade harriers, such as local content schemes and import 
licence arrangements, were introduced. In 1982 falling oil prices, and rising external debts 
caused a decline in growth rates, which nevertheless remained high because of good 
agricultural performance, teading to rice self-sufficiency, and large oil-related investments 
that were coming on steam with a lag. The average annual growth rate of GDP was 7.3 
percent. 

The subsequent sub-period (1986-1997) saw a return to liberalisation and 
deregulation. The share of state enterprises in the economy was reduced, government 
subsidies and proteetion were abolished, foreign investment regulations were loosened and 
the banking sector was reformed. In spite of these major deregulation packages, certain 
memhers of the Suharto family and well-connected business associates were awarded a 
number of privileges, including a private monopoly in international dove trade, special tariff 
proteetion for a petrochemical project and access to cheap natural forests for the 
establishment of large pulp mills. These privileges also seem to have contributed to the rapid 
expansion of the large Indo-Chinese conglomerates, which started to dominate the Indonesian 
economy around the mid-1980s (Maclntyre, 1994). Average annual growth between 1986 
and 1996 amounted 7.6 percent and for the first time in history, Indonesia became a 

significant industrial exporter. 
In 1997, Indonesia's fortunes were suddenly reversed. Triggered by the devaluation of 

the Thai bath, the rupiah started to depreciate swiftly, which spurred massive capital flight 
and finally culminated in an economie and financial crisis of unprecedented scale. The crisis 
had its deepest impact in 1998, reflected by a contraction of GDP by 13.6 percent and an 
intlation rate of 65 percent (Thee, 2003). The financial and economie crisis also caused a 

political crisis as president Suharto was forced to step down after the government had proved 
unable to reverse the economie downturn. During the next two years, the Indonesian 
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economy started to reeover slowly. In 1999 GDP growth increased by only 0.2 percent but 

already reached an impressive 4.8 percent in the following year. Consequently, by 2000 real 

income per capita adjusted for PPP was close again to pre-crisis levels, intlation was reduced 
to 5 percent and exports increased sharply due to the low rupiah exchange rate (Table 1.3). 

Only gross dornestic investment still remains depressed, indicating investor confidence has 

not yet been fully restored. 

Table 1.3: lndonesian Indicators of Economie and Social Development, 1960s-2000 

Early-1960s Mid-1990s 2000 

Economie indicators 
GDP per capita (PPP 1990 Geary-K.hamis St 1,019 3,375 3,312 
GDP growth (annual %) oe 8" 5" 
Gross dornestic investment (% of GDP)b 9 31 18 
lnflation (annual %)" >500e 13 10 
Exportsof Goods and Services(% of GDP) 16 26 43 

Structure of tbe ecouomy 
Agriculture (% of GDPt 51 17 17 
lndustry (%of GDPl 15 42 46 

Services (%of GDP)" 34 41 37 
Total GDP 100 100 100 

Infrastructure 
Telephone mainlines (per 1,000 people)" 17 50 * 
Roads, paved (%) se 48 b 46 b 

Education 
Illiteracy rate (% ofpeople aged 15 and abovel 44 17 13 
School enrollment, primary (% gross)" 71 115 108 
School enrollment, secondary (% gross)" 12 48 55 
School enrollment, tertiary (% gross)b 1 11 11 

Social indicators 
Life expectancy at birth, total (years)b 43 63 66 

Infant mortality (per 1000) 171 c 74 c 42 d 

Note: Data for the 1960s refers to 1960 except for: illiteracy rate: 1970; life expectancy: 1962 and tertiary school 
enrolment: 1965; Data for the mid-1990s refers to 1995, except for: primary and secondary school enrolment: 
1994 and life expectancy at birth: l992.Ail other data taken from Hili refers broadly to the early-1960s and mid-
1990s; * includes mobile phones. 

Source: • Groningen Growth and Development Centre and Tbe Conference Board, Total Economy Database, 
http://www.ggdc.net; b World Bank, World Development Indicators, CD-rom, 1999 and 
http://www.worldbank.org; • Hili (l996b); d CIA, The WorldFactbook, http://www.ciagov. 

Due to its impressive growth rates and industrial development, lndonesia was considered as 

one of the East-Asian 'miracle' economies by the World Bank (1993). However, besides 
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being termed a growth 'miracle', Indonesia's growth record might as well be characterised as 

a growth 'mystery'. Several explanations or interpretations on lndonesia's success and failure 

have been presented on which there is still ongoing debate. Probably the most widely 

accepted of these is the neo-liberal or orthodox account, strongly favoured by Hall Hili, an 

acclaimed scholar on lndonesian development: 

"Much ofthe Indonesian record since I966 is a confirmation ofthe principies of orthodoxy. 
[ ... ] the recipe of success is no great secrel A new, orthodox and pragmatic regime of 
economie management after I966 signalied a decisive change in direction. The govermnent 
provided a stabie economie and political environment, property rights were respected, 
Indonesia re-entered the international community, prices - especialiy the exchange rate -
reflected conditions of demand and suppiy, and the provision ofpublic goods such as physical 
and social infrastructure began to increase substantialiy" (Hili, I996b, p. 9). 

Selective industrial policy bas played little or no role in Indonesia's development success and 

in the cases that the government tried to target specific industries or sectors, the intervention 

is judged as being limited, incoherent or an outright failure (Lindsay, 1989; McKendrick, 

1992; Hili, 1996a). Correspondingly, the economie and financial crisis can beregardedas a 

case of 'everything going wrong at once' (Hili, 2000a, p. 134). As a consequence of a 

coincidental and complex interaction of dornestic policy mismanagement and misdiagnoses 

by the IMF, compounded by several contextual factors, including: the depressed state of the 

regionat economy; the bad rice harvest due to the El Nino phenomenon; low international oil 

prices, and; dornestic ethnic tensions, Indonesia's growth trajectory was suddenly arrested. 

This interpretation bas been questioned on three different accounts. First, it bas been 

argued by some scholars - to some extent with hindsight - that, given a weak bureaucracy 

and pervasive corruption, 'crony capitalism' and nepotism, Indonesia's growth was fragile 

and unsustainable.7 Already in 1994, Maclntyre wrote: 

"Put simply, with limited state capacities and widespread rent-seeking activity - both 
individually through patrimonia! networks and, increasingly, on the basis of collective action 
- there is a significant threat to continued high economie growth" (Maclntyre, I994, p. 263). 

More recently, Temple stated: 

The undeniable achievements ofthe past 30 years now look less than inevitable and more like 
a preearlons balancing act. Perhaps some degree offailure was never far away. [ ... ]in the case 
oflndonesia, fast growth interacted with weak institutions in a way that gradually undermined 
the country's capacity to withstand and adverse shock." (Temple, 2003, p. I72-I73). 

These authors therefore do not regard the crisis as an outcome of 'bad luck', as implied by 

Hili, but rather as something that was bound to happen, given lndonesia's weak institutional 

foundations. Although far from conclusive, this view is supported by Table 1.4, which 

presents the international ranking oflndonesia for six dimensions of governance. The figures 

indicate that already two years before the crisis, Indonesia's institutional base was relatively 

7 See Maclntyre (2000; 200I) and McLeod (2000) for an analysis ofhow pervasive corruption can go hand in 
hand with rapid growth. 
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weak both in comparison with its Asian neighbours and at the global level, as can be seen by 

tbe total number of countries in the sample (N). 
Secoml, opinions differ wbether lndonesia's development can be considered 

successful ftom a technological perspective (Okamoto and Sjöholm. 2003). On the one hand, 

there is the optimistic view, which argues that high total factor productivity growth 

(Aswicahyono and Hili, 2002) and structural transformation (Table 1.3) are signs of profound 

technological change and technological upgrading. On the other hand, there is the pessimistic 

view, wbich argues tbat Indonesia bas not managed to engage in bigb-tecbnology 
manufacturing, is largely dependent on foreign companies for teehoical change, bas a weak 

national innovation system (Gammeltoft and Aminullah, 2004) and is operating 'at the 

bottorn ofthe technologicalladder' (Lall, 1998, p. 141). 
Although tbis discussion is in part semantic due to differences in interpretation on 

wbat sbould be considered successful technological development and wbat not, it cannot be 
denied that Indonesia's technological performance is lagging bebind other East-Asian 

economies (Table 1.4). Even in comparison with the Philippines and China, which have a 

similar or lower income per capita levels, Indonesia ranks at the bottorn of most performance 

indicators. A similar condusion is reached by Figure 1.1, which presents manufacturing 
Iabour productivity of some East-Asian countries vis-à-vis the USA. The picture indicates 

that during the last 25 years Indonesia's industrial development can be characterised as 'rapid 

growth without catch up' (Szirmai, 1994, p. 89) as the country bas not succeeded to close the 

technology gap with the world ftontier. 

Figure 1.1: Relative Labour Produetivity Levels in Asiau Manufaeturing, 1960-2000 
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Source: Groningen Growth and Development Centre, ICOP lndustry Database 1987 Berwhmark, 
http://www.ggdc.net. 



Table 1.4: Tecbnological Performance and Governance Dimensions oflndonesia and otber Seleeted Asian Countries, Mid-1990s 

China Indones ia Malaysia Philippines Singapore SouthKorea Taiwan Thailand 
Governance Dimensions (global ranking):• 
Voice and accountability (N=l92) 169 161 93 80 71 61 67 91 
Political stability and absence ofviolence (N=l65) 72 115 26 94 5 76 29 74 
Government effectiveness (N=180) 58 61 31 59 40 23 48 
Reguiatory quality (N=182) 95 63 32 58 2 40 26 55 
Rule of law (N=167) 105 101 30 76 2 31 27 49 
Control of corruption (N=151) 63 98 37 94 5 36 31 87 

Tecbnological Performance: 
Number of Science Publications (per million population)b 11 2 34 0 586 143 334 12 
Number of US Patentsb 63 7 8 na 61 1240 2087 10 
Scientists and Engineers in R&D (per million population)b na 180 na na 1344 1334 1426 105 
R&D expenditure (%of GNP) 0.5 é 0.1 é 0.4 d 0.2 d 1.1" 2.6 d na 0.1 d 

HighTech exports (% oftotal manufacturing exports) 19.51 c 15.74 c 67.3 c 42.32 c 69.91 c 41.78 c 49.3 d 35.84 c 

Note: Data on governance and institutions refer to 1996; N is total nwnber of countries in tbe sample; Data on technological capabilities refer to the year 1995, except for R&D 
expenditure in Malaysia: 1994, Philippines: 1992 and South Korea: 1996 

Source: 'Kauftnan, Kmay and Matruzzi (2003);" Amsden and Mourshed (1997); c World Bank, World Development indicators, CI).rom, 1999; 4 Okamoto and Sjöholm (2003). 
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Finally, recently Rock (1999) bas questioned the view of the neo-liberals that industrial 

policy and interventions at the micro-level have been irrelevant to Indonesia's development. 

He asserts that. for instance, micro policies in agricultural markets and in particular the 
market for rice have been pervasive and highly successful. In addition there is sketchy 

evidence which suggests that the preferential treatment of large Indo-Chinese business groups 

promoted technological capability building and international competitiveness. 

It is not the aim ofthis thesis to investigate economie performance and catch up ofthe 

total Indonesian economy. Nevertheless, it is hoped that a detailed and bistorical case study 
of a single manufacturing sector may contribute some pieces of the lndonesian growth puzzle 

and shed some light on the debates sumrnarised above. As will be shown in the remainder of 

this research, the industrial development of the pulp and paper industry provides a 

particularly interesting example to illustrate the pros and cons of industrial policy and its 

effect on technical change in the Indonesian context. 

1.4 Structure of the Book 

This thesis consists of 3 parts. Part I contains three chapters which form the background of 
the research. In Chapter 2, I summarise three strands of literature, which provide insights on 

elements of micro and industry-level catch up. First, I discuss the empirica} evidence on 

industry taxanornies and industry evolution, based on evolutionary economie research. 

Second, I give a brief sumrnary of the sourees of growth and catch up for the East-Asian 
miracle economies. And finally, I describe the main results of a newly emerging literature, 

which uses manufacturing census data to analyse tirm-Ievel performance in developing 

countries. 
Chapter 3 takes a closer look at the main features of pulp and paper manufacturing. It 

subsequently addresses the production process, key characteristics and global structure of the 

industry. As will become evident in other chapters, many of these issues also have influenced 

the structure and dynamics of the Indonesian pulp and paper industry. 

Chapter 4 gives a detailed description of the data on which most empirical work in 

this research is based. Using a variety of sources, I have constructed a longitudinal micro 

level data set (LMD) which contains economie and technical information on basically all 

Indonesian pulpand paper mills from 1923, the foundation ofthe first factory, till 2000. In 

addition around 40 interviews were conducted with consultants, mill managers and 

govemment officials, in Indonesia, Finland and the Netherlands to obtain a full understanding 
ofthe development ofthe lndonesian pulpand paper industry. 

Part II is devoted to the empirical analysis of industry evolution and catch up of the 

Indonesian pulp and paper industry. A key factor in shaping the development of the in dustry 
bas been various types of industrial policy. In chapter 5, I present an bistorical overview of 

the development of the industry. I distinguish between five industrial phases: colonial 

industrialisation (1923-1958), state-led industrialisation (1958-1974), import substituting 

industrialisation (ISI) (1974-1984), export oriented industrialisation (EOI) (1984-1997) and, 

crisis and emerging reform (1997-2000). 
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In Chapter 6, the eropbasis is on market structure and industrial dynamics. Similar to 
industry life cycle studies by Klepper (1997) and Utterback (1994), who look at industry 
evolution in high-income countries, I exarnine entry, exit, firm survival and concentradon of 
the Indonesian pulp and paper industry from birth to present. The analysis indicates the 
emergence of a techno-economie dual market structure. This is further investigated using a 
combination of cluster and regression analyses. 

Chapter 7 focuses on embodied technical change in the Indonesian pulp and paper 
industry. More specifically, it analyses the ditfusion and adoption of paper making machinery 
between 1923 and 2000. For this purpose a machine index is constructed which measures the 
technological sophistication of each paper machine in time. The index is used to address three 
issues: (1) the influence of the policy regime on embodied technological catch up, (2) 
machine-level variations in technological performance and the emergence of a dual 
technological structure, and (3) the influence of ownership and industrial policy on adoption 

decisions. 
In Cbapter 8, I compare the performance oflndonesian paper mills with that ofplants 

in Finland, the world technological leader in paper manufacturing. For this purpose, I 
construct a Finnish pulp and paper LMD, comparable to the Indonesian database and compile 
unit value ratios to convert Indonesian and Finnish output in the same currency. The main 
questions asked are: What is the distribution of teading and lagging mills over time? Are all 
establishments producing relatively close to the technological :frontier or are some forging 
ahead while others are falling bebind? What is the role of entry, exit and firm survival on 
catch up? 

Chapter 9 exarnines to what extent technologicalleaming and assimilation have taken 
place in the lndonesian pulp and paper industry and which have been the main factors 
governing this process. In order to provide answers to these questions, the Indonesian case is 
compared with evidence from the Korean process industries. Korea is the key exarnple of 
successful catch up by a late-industrialising country and therefore offers valuable lessons for 
developing countries, which might he able to follow a simHar pattem of development. 
Moreover, industrial development ofthe Korean process industry during the early-1970s and 
early-1980s shows many resemblances with the expansion ofthe Indonesian pulpand paper 
industry tbraughout the mid-1980s till late 1990s. Both went through an extremely rapid 
phase of industrialisation, characterised by massive capital accumulation and pervasive 

industrial policy in a stabie macro-economie setting. 
The main findings of the research are summarised in Part III (Chapter 10) of the 

thesis, which also presents some suggestions for further research. 



Part I 

Background 



Chapter2 

Industry Evolution and Catch Up: A 
Literature Review 

Catch up refers to the process of reducing the technology gap between technologically 

advanced and technologically backward economies. So far, theoretica! and empirica! research 
bas mainly focused on macro-level catch up, while research at lower levels of aggregation is 

still scarce. This is probably because such research requires detailed bistorical information at 
the firm-level, which is very difficult to obtain, especially for developing countries. 
Nevertheless, there exist a number of studies which provide some insights in the process of 

micro-level catch up by looking at the relationship between technica! change and industrial 
development or the influence of institutional, technological and economie context on 

industrial dynamics, market structure and industrial growth. 

In this chapter I review three streams of literature, which seem to he relevant in this 
respect. First, evolutionary economists have shown that innovations in process and product 

technology strongly affect the growth path of an industry. I discuss two complementary types 

of empirica! research reflecting on this issue: industrial taxonomies and the industry life cycle 

model. Second, I describe the insights derived from studies on industrial development in the 
newly industrialising countries (NICs), South Korea (hereafter Korea) and Taiwan, which are 

key examples of successful catch up in the modem economy. In particular, I focus on the 

work of the late Linsu Kim, a highly acclaimed schol ar on Korean Industrialisation. Finally, I 
review a body of literature, which specifically deals with industrial dynamics and market 

structure in developing countries. This is a relatively new stream of research, which is mainly 

based on the analysis of manufacturing census data. The final section of this chapter provides 

a sunnnary and conclusion. 

2.1 lnsights from lndustrialised Countries: Industrial Taxonomies 

Within evolutionary economics one can distinguish between two complementary approaches 

in the research on industrial dynamics (Dosi et al., 1997}.1 The first line of studies primarily 

1 In fact, Malerba and Orsenigo (1996b) also discuss a third focal point of analysis - structural evolution -
which is broader in scope and encompasses, among others, the emergence of new industries, generation and 

17 
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takes a cross-section approach by comparing and classifying variations in entry and exit, 
concentration, and sourees of technical change, between industries. The second approach is 
hlstorical in nature and looks at the long-run evolution of narrowly defined industries. 
Presently, the in dustry life cycle model seems to be the only stylisation of such a pattem with 
empirical foundations (Malerba and Orsenigo, 1996b). I will discuss both approaches below. 

2.1.1 Industrial Taxonomies 

Pavitt (1984) was probably one ofthe first to highlight sectoral pattems oftechnical change. 
Using data on innovations and innovating firms in the UK, he constrocts a four part industrial 
taxonomy.2 In supplier-dominated industries, new technology is mainly introduced by 
suppliers of machinery or other capital goods. Process innovation is relatively more important 
than product innovation and firms are typically small. Supplier dominated sectors are mature 
industries such as the textile and food industry. Scale-intensive industries produce mainly 
intermediate inputs, such as cement or steel. Technical change oornes mainly from 
improvements in the design and operation of the production process learning by doing and 
incremental change. In science-based industries internat R&D is the main souree of 
technology. In addition, universîties provide an important extemal souree ofknowledge and 
technology. The electronic and (parts of the) chemical industry are typical science based 
industries. In specialised-supplier industries machinery, instruments and software are 
produced to be used in all four Pavitt groups. The emphasis is on product innovation by 
means of in-house design and development. Overall, one can say that supplier-dominated and 
scale-intensive sectors comprise low and medium tech industries, while science-based and 
specialised-supplier industries are high-tech. Table 2.1 presents an overview of the Pavitt 
taxonomy and its main traits by industry. 

Malerba and Orsenigo (1996a; 1997) provide a somewhat different categorisation of 
industries. They differentlate between two pattems of innovation, Schumpeter Mark I and 
Schumpeter Mark II, which they refer to as 'technological regimes'. A technological regime 
is defined by a particular combination of opportunity and appropriability conditions, 
cumulativeness of technological knowledge and characteristics of the knowledge base. 
Schumpeter Mark I sectors are characterised by high opportunity, and low appropriability and 
cumulativeness conditions, facilitating the entry of new innovators and limiting the 
persistenee of established innovators. They are therefore expected to be marked by low 
concentration and asymmetries in innovative activities, low stability in the ranking of 
innovators and high entry and small size of innovators. The traits of Schumpeter Mark II 
industries are high opportunity, appropriability and cumulativeness, which allow for the 
accumulation of technological capabilities by incumbent firms and generate harriers to entry 
for new innovators. Hence, expected characteristics are high concentradon asymmetries in 
innovative activities, high stability of the hierarchy of innovators, and low entry and large 

transformation of technologies and products and the development of new networks. This topic is less interesting 
for the study bere and will therefore not be discussed. 
2 Also see Marsili (2001) fora refinement ofthe Pavitt taxonomy. 
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size of new innovators. Using data on patents, concentration, and firm size, these patterns 
have been confirmed for Japan, USA and a number of European countries (Malerba and 
Orsenigo, 1997). 

Table 2.1: Pavitt Taxonomy 

Typical core sector 

Size of finns 

Type ofuser 

Main focus of 
technological 
actlvities 

Main immediate 
sourees of technical 
change 

Main channels of 
imitation and 
technology transfer 

Main sourees of 
technological 
accumulation 

Main direenons of 
technological 
accumulation 

Main methods of 
proteetion against 
imitation 

Supplier-®minated 

industries 

Traditional 
manufacturing ( for 
example textiles, 
garments, leather and 
footwear wood 
products) 

Smal! 

Price sensitive 

Cost reduction and 
design for niche 
markets 

Suppliers 

Purebase of 
equipment and 
related services 

Production learning 
and advisory services 

Process and related 
equipment, product 
desigtt, production 
and organization 
[variable] 

Nontechnical 
(marketing, 
trademarks) 

Source: Bell and Pavitt (1993). 

Scale-intensive 
industries 

Bulk materials (steel, 
glass ), consumer 
durables and 
automobiles 

Large 

Price sensitive 

Science-based 

industries 

Electronics and 
chemieals 

Large 

Priceand 
performance sensitive 

Cost reduction and Cost reduction and 
product improvement product innovation 

and improvement 

Process, production 
anddesign 
engineering 

Equipment purebase 

Know-how licensing 
Reverse engineering 

Production leerning, 
suppliers and design 

[Upstream] 

Process secrecy 
Imitation and 
learning curve lags 

Corporate R&D 

Reverse engineering, 
R&D and hiring of 
qualified scientists 
and engineers 

Basic research, 
production 
engineering and 
design 

[Concentric] 

R&D know-how, 
patents, imitation and 
learuing lags 

Specialised-supplier 

industries 

Capita! goods 
Instrurnents and 
software 

Smali/medium 

Performance~tive 

Product innovation 
and improvement 

Designand 
development 

Reverse engineering 
and learning from 
advanced users 

Advanced usecs 

[Concentric] 

Design know-how, 
patents, knowledge of 
user' s needs 

Recently, Bresebi and Malerba (1997) and Malerba (2002) have taken a broader stance to the 
analysis of industrial dynamics. Building on the concept of national innovation system 
(Lundvall, 1992; Nelson, 1993), they introduce the notion of sectoral innovation system, 
defined as: "a set of new and established products for specific uses and the set of agents 
carrying out market and non-market interactions for the creation, production and sale ofthose 
products" (Malerba, 2002, p. 250). It is argued that industries should be treated as a system, 
which, besides firms, is composed of a wide range of non-firm organisations and institutions. 
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The most important characteristics of sectoral innovation systems are: knowledge base and 
leaming processes (i.e. the technological regime); basic technologies, inputs and demand; 

types and structure of interactions among heterogeneous firms and non-firms organisations; 
institutions; and the process of selection and generation of variety. 

2.1.2 The lndustry Life Cycle Model 

Over the last years, research on the relation between teehoical change, industry structure and 
competition has gained importance (e.g. Utterback and Abemathy, 1975; Klepper, 1997; 
Bonaccorsi and Giuri, 2000). Investigation of detailed data on number of firms, entry and 

exit, product and process innovation has found regularities when industries evolve from birth 
to maturity, which is referred to as the industry life cycle (ILC).3 Three phases are commonly 

distinguished in the ILC: fluid, transitional and specific.4 The fluid phase summarizes the 
onset of a new industry and is characterised the design and development of a new product. 

There is a high degree of market and product uncertainty because both manufacturers and 

consumers are not sure which design of the product will be preferred. Consequently a wide 

variety of competing products are brought on the mark et. Process innovation is low, impeded 

by major and frequent changes in product design. Initially, the number of competitors is small 
but starts to rise as the recently established industry gains a market and eneaurages new 

entrants. 

This is also the time when an industry enters the transitional phase when a product 

gains market acceptance and some standardisation of the product takes place in the form of a 
dominant design. A dominant design is defined as a design whose major components and 

core concepts to not vary substantially from one product model to the other (Afuah and 

Utterback, 1997). Competition is on the basis of product differentiation as the needs of users 
beoome better understood. Product innovation decreases and process innovation beoomes the 
focal point of teehoical change as the product is produced on a larger scale. The transitional 

phase also marks the beginning of a shakeout period. Firms that are not able to manufacture 

in line with the dominant design and generate the necessary process innovations will exit the 

market (Utterback and Suarez, 1993). 
In the specific phase both the product and the process are standardised and innovation 

is incremental. Production is capital and scale intensive and competition is predominantly 

cost and efficiency based. Shakeout comes to an end and a stabie market structure evolves, 

consisting of a relatively small number of large firrns. Roughly, it can be argued that most 
manufacturing sectors in the specific phase correspond with supplier-dominated industries in 

the Pavitt taxonomy and Mark II industries in the Malerba and Orsenigo classification. 

Conversely, science-based, specialised supplier industries and Mark I industries exhibit many 

characteristics of industries inthefluid phase. 

3 Sometimes, the term product life cycle is used instead. See Klepper (1997) for an overview ofthe industty life 
cycle and how it is viewed in various disciplines, such as economics and business. To avoid confusion I will use 
the term 'industry life cycle' (ILC) throughout this study to refer to the model described here. 
4 These arealso sometimes called the exploratory, growth and mature phase, respectively. 
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Figure 2.1: Patterns oflnnovation for Assembied and Nonassembied Product Industries 
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Source: Utterback (1994). 

Utterback (1994) makes a distinction between the ILC for assembied or discrete product 
industries on the one hand and nonassembied product or process industries (e.g. steel cement 
and paper manufacturing) on the other.5 In the latter, there is less scope for product 
innovation due to the 'simpte' design of final output. Instead, technical change is primarily 
directed at process innovation, finally resulting in a so-called enabling technology which 
forms the 'core machinery' (Szirmai et al., 2002) of the production process. Examples of 
enabling technologies are blast furnaces, cement kilns and paper machines. Figure 2.1 depiets 
both the model for assembied and nonassembied product industries in terros of product and 
process innovation over time. 

The prediedons of the ILC, especially with respect to the number of firms, have been 
found to hold for a wide range of industries, including automobiles, tires, televisions, 
penicillin, typewriters, transistors, electrooie calculators, supercomputers, and disk drives 

5 See Chapter 9 for a more elaborate discussion on teclmologicallearning in nonassembied product industries. 
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(Utterback and Suarez, 1993; Utterback, 1994; Klepper, 1997; Klepper and Simons, 1997; 
Afuah and Utterback, 1997).6 Almost all ofthe studies arebasedon the analysis of high and 
medium tech industries in the US. So far, there are only a few studies, which investigate 
industcy evolution in other countries or provide international comparisons.7 A notabie 
exception is Murmann and Homburg (2001). This study analyses the growth ofthe synthetic 
dye industcy since 1857, the invention ofthe first dye, to 1914, both at the globallevel and in 
five major producer countries (Britain, Germany, France, Switzerland and the United States). 
Various pattems are identified, ranging from industcy shakeout in France, long-term increase 
in the number of firms in Germany and small fluctuations in Britain. Camparing their country 
results, Murmann and Homburg, distil six key causal forces of industcy evolution: legal 
environment (patent and competition laws), availability of skills, (education and training), 
existing industrial infrastructure, economies of scale and scope, technological dynamics 
(product and process innovation) and positive feedback (cumulative causation and path 
dependency ). 

Also Simons (2001; 2002) presents an international comparison of the ILC. He 
compares the firm demograpbics of 18 industries in the UK and the USA and finds a high 
correlation for the severity and timing of the shakeout between the two countries. For 
televisions and tyres, Simons is able to analyse the ILC in detail, also taking into account 
entcy and exit rates and some information on specific technological characteristics. Early 
entrants are found to have a technological advantage over competitors in both industries and 
countries. In contrast to the findings of Murmann and Homburg, Simons' results strongly 
confirm similarity in industcy evolution across the US and the UK. Finally, Utterback (1994, 
p. 48) states that for Japan there is evidence that for automobiles, calculators, integrated 
circuits, and Winchester disk drives a pattem different from shakeout is found as more firms 
have entered these industries after the appearance of a dominant design. He argues that late 
entry of Japanese firms was possible because they used their particular skill of automated 
production for product and process innovation.8 

2.1.3 Implications for Catch up at the lndustry Level 

A number of scholars have emphasised that the existence of ILCs entails important 
consequences for industrial development indeveloping countries. Vernon (1966) and Hirsch 
(1967) were among the first to point out that international trade pattems and location of 
production can be related to different phases of the ILC. Their main argument is that 

6 Although, the finn demograpbics in all ofthe investigated industries show the pattem predicted by the ILC, it 

is not clear ifthe underlying causes arealso consistent with the model. Klepper and Simons (1997) collected 

information on the sequence of product and process innovation of the fust four industries listed and fuund that 
only the antemobile industry strictly follows the ILC model as outlined above. They provide alternative 

explanations fur the other sectors. Also see Bonaccorsi and Giuri (2000), whopresent a ftamework and example 

under which conditions the ILC pattem might not be observed. 
7 To my knowledge, this is the first study to address industry evolution in a developing country. 
8 Unfurtunately Utterback does not provide any reference to support his arguments, which makes them 

impossible to verizy. 
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comparative advantages shift from industrialised to developing countries as industries mature 
and competition becomes cost based. Perez and Soete (1988) and Perez (2001) have 
elaborated on this view hy defining the entry harriers for techno logica! catch up in each stage 
of the ILC. In total they consider four harriers to entry: fixed investment, scientific and 
technological knowledge, skills and experience, and looational advantages, which vary over 
the ILC, depicted in Figure 2.2. Similar to the sectoral system of innovation, locational 
advantages hroadly refer to the characteristics of the environment in which firms operate. 
Perez and Soete distinguish between dynamic locational advantages, including financial 
institutions, infrastructure, technology suppliers and universities, and static locational 
advantages, which reileet traditional economie variahles, such as input prices, wages and size 

of the dornestic market. 

Figure 2.2: Entry Barriers over the ILC 

Scientific and technological 
knowledge 

2 3 

Fixed investment 

2 3 

Skills and experience 

2 3 

Locational advantages 
Static advantages 

Dynamic advantages 

2 3 

Sou ree: Based on Perez and Soete ( 1988) and Perez (200 1) 

The harriers for catch up are relatively lowest for industries in the fluid and specific phase 
albeit with very different requirements. In the fluid phase, there is a relative little need for 

experience and know-how, and fixed investment, while the requirements for dynamic 
locational advantages and scientific and technical knowledge are high. The latter requirement 
in particular poses great problems for developing countries, given their weak national and 
sectoral innovation systems and the general shortage of skilied engineers and technicians. 
However, Perez and Soete, argue that when new industries are part of a new technology 
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system or techno-economie paradigm (Freeman and Perez, 1988), there are windows of 

opportunity for developing countries to leapfrog. They consider the recent growth of the 

electronics and information technology by a number of Asian countries as an example of such 
a pattem. In the case of a paradigm shift, previously acquired knowledge, skilis and 

experience no longer act as an advantage for teading countries. Rather, they might become an 

impediment for structural change as teading countries have become locked into obsolete 

routines, institutions or equipmenl On the other hand, new entrants have an advantageous 

position since they do not suffer from these burdens and are therefore better able to assimilate 
the new technology system. This advantage is even corroborated by the possibility that the 

scientific and engineering knowledge associated with the new paradigm is publicly available 

in the early phase of transition. Nonetheless, there is still a need for government action to 

provide the necessary dynamic locational advantages, which are also required to enter new 

industries. 
In the specific phase, when industries have become mature, there is less need for 

indigenous scientific and technological knowledge because technology is largely embodied in 

capital goods, which can be purchased abroad. Further, production requires little managerial 

expertise because it has become routine and can be done with a large share of unskilled 
Iabour. Overall, static instead of dynamic comparative cost advantages, such as low wages or 

availability of natura! resources determine fin al competitiveness. The main harrier to entry is 

the high investment costs associated with the scale and capital intensity of mature industries. 

Weak financial and private sectors are o:ften unable or unwilling to raise the extensive 
financial resources required for high-risk large-scale investment projects. It bas been pointed 

out that industrial policies may facilitate the entry and catch up in mature industries. The 

classical reference is Gerschenkron (1962) who pointed out that investment bank:s and the 
state played a major role in accelerated development of the iron and steel industry in 

Germany and Russia during the late nineteenth century .9 Also, as I will elaborate on in 
Chapter 9, Korea used simHar policies to promate the establishment of dornestic process 

industries. 

2.1.4 Discussion 

In this research I am interested in investigating industry evolution and catch up of developing 

countries. The question therefore arises whether and to what extent insights from 

evolutionary economie theories that are purely based on empirica) evidence from 

industrialised countries (mainly the USA), can be applied to a developing country setting. 

Both the Pavitt taxonomy, the industrial classification of Malerba and Orsenigo and the ILC 
models convincingly show that technica) change is highly industry specific, resulting in 

disparate pattems of turnover and con centration across manufacturing sectors. 

These are important insights and it seems likely that also in developing countries one 
will encounter such relationships. Notwithstanding, there are two arguments which suggest 

that the pattems of in dustrial dynamics might be different from what is found in the advanced 

9 Also see Shin (1996). 
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economies. First, developing countries tend to enter mature industries, where competition is 

cost based and technology is largely embodied in capital goods (Perez and Soete, 1988). 

Hence, industry evolution will not he shaped by the emergence of a dominant design or 

enabling technology because these can be readily adopted from industrialised countries. 

Second, existing studies fail to take into account the effect of the institutional and 

social context on industry evolution (Nelson, 1994; Nelson, 1999). The study by Murmann 

and Homburg (2001) on the evolution of the dye industry revealed that the long-run 

development of a single manufacturing sector may differ across countries, depending on 

environmental factors such as patent laws, education and the national innovation system. As 

it is well known that the business environment in developing countries differs considerably 

from that in industrialised countries, it is likely that the pattem of industry evolution will also 

differ across both groups of countries. In the next two sections I provide an overview of 

theories and findings on industrial development and catch up in the newly industrialising 

countries (NI Cs) and developing countries to explore these two arguments. 

2.2 Insights from the NICs: Technological Learning and Assimilation 

The newly industrialising countries (NICs), Korea and Taiwan are considered the best 

examples of technological catch up in the post-world war economy .10 In a period of only 30 

years, they went through an unprecedented transformation from developing countries into 

modern economies. In 1960, with US$ 770 (Korea) and US$ 924 (Taiwan), their per capita 

income was comparable to that of Ghana at US$ 1,122 and Nigeria at US$ 753, lagging far 

bebind Mexico at US$ 2,365.11 Presently, the roles are reversed. In 2000, Korea and Taiwan 

had an income per capita of US$ 14,342 and US$ 16,859 respectively, more than twice that 

of Mexico and far higher than the aforementioned African economies. The industrial 

development of Korea and Taiwan entails valuable lessons developing countries and, hence, 

has been widely studied.12 In this section I wilt review findings, which specifically pertain to 

industry evolution and catch up, largely basedon the work ofthe late Linsu Kim. 

2.2.1 Determinants of Catch Up 

Economists and politica! scientists have highlighted two key factors that have spurred catch 

up and technology assimilation in Korea and Taiwan. First, it bas been emphasised that the 

govemment in both countries has played a positive and active role in the industrialisation 

process (Evans, 1995). Korea and Taiwan have been characterised as 'developmental states', 

a term originally coined by Johnson (1982) to describe the orchestrating nature ofthe state in 

10 Tbe development ofHong Kong and Singapore, which are also considered NICs, is difficult to oompare with 

other countries because ortheir city-state nature (Amsden, 1989; Lall, 1993; Westphal, 2002). Tberefure, I will 

only discuss the development of Korea and Taiwan in this section. 

u All data in 1990 Geary-Kharnis $ (PPPs) taken from Groningen Growth and Development Centre and Tbe 

Conference Board, Total Economy Database, http://www.ggdc.net. 
12 See Westphal (2002) fora general overview and Kim (1997) and Wade (1990) for insights on Korea and 

Taiwan, respectively. 
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Japanese economie growth. A developmental state bas the ability and commitment to 

promote national economie growth through high quality institutions, sound economie policy, 

and good governance. It, 

"[ ... ] creates political stability over the long run, maintains sufticient equality in distribution to 

prevent class or sectoral exploitation (land reform is critical), sets national goals and standards 

that are internationally orientated and basedon nonideological external referents, creates ( or at 

least recognizes) a bureaueratic elite capable of administrating the system, and insulates its 

bureaucrats from direct politica! influence so that they can timetion technocratically. It does 

not [original italics] monopolize economie managementor decision making, guarantee full 

employment, allow ideology to confuse its thinking, permit the development of politica! 

pluralism that might challenge its goals, or waste valuable resources by suppressing 

noncritical sectors (it discriminates against them with disincentives and then ignores them)" 

(Johnson, 1987, p. 142-143). 

Because of their developmental drive, Korea and Taiwan managed to pursue and adhere to 

the prlmary polides (Chapter 1), which are basic conditions for economie growth in any 

economy and stimulate the accumulation of physical and human cap i tal. 

A second crucial element in the catch-up process of Korea and Taiwan, has been 

pervasive industrial policies to spur technological learning and assimilation. Both countries 

implemented a policy of'carrots and sticks'. By means of strict export targets (especially in 

the case of Korea), firms were continuously under pressure to upgrade their technology and 

use it efficiently in order to be able to compete in foreign markets. Simultaneously, firms 

were assisted in any way possible through trade protection, tax exemption and automatic 

access to bank loans. In addition, local content rules, technology licensing, original 

equipment manufacturing (OEM) andreverse engineering were strongly promoted to enhance 

technology transfer. 

There were also important differences in strategy between Korea and Taiwan. Korea 

used industrial policy to stimulate the construction of a local heavy and chemical industry 

(HCI). Furthermore, it created large private conglomerates, the chaebol, which were much 

better suited than small firms to invest in scale and capital intensive manufacturing sectors. 

Conversely, Taiwan did not push heavy industry or large conglomerates but focused more on 

small and medium size enterprises (SMEs). Taiwan also relied more on foreign direct 

investment (FDI) than Korea to transfer technology. 

The industrial policies were complemented by science and technology (S&T) policies, 

resulting in comprehensive national systems ofinnovation (Hou and Gee, 1993; Kim, 1993), 

which facilitated technological capability building. Besides the provision of high quality 

primary, secondary and tertiary education special importance has been given to the education 

of skilied engineers tailored to the industry's needs. In addition, the governments of Korea 

and Taiwan set up a number oftechnology research institutes and projects to support R&D in 

the private sector. Most institutes are industry specific, undertaking basic and applied 

research considered too risky or complex by companies. In partienlar Taiwan bas set up an 

extensive infrastructure to support its SMEs by means of finance programmes, technology 

support and marketing assistance. 
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2.2.2 From Imitation to lnnovation 

The astonishing development of the NI Cs was not instantaneous. Rather it involved a lengthy 
process oftechnologicallearning, which bas been stylised as a transition from 'imitation' to 
'innovation' by the late Linsu Kim (1997). In one of his first papers (1980), he showed that 
the development of the electranies industry in Korea can he represented as a three-stage 
model.13 

Table 2.2: Stages of lndustrial Development 

Acquisition Assimilation Improvement 
New fmns established Transfer of foreign Mobility of local technica! 
through technology and entrepreneurial 

personnet 
Technical task ernpbasis Impternentation of imported Assimilation for product Improvement for enhancing 

technotogy diversification competitiveness 

Critica! human resoorces F oreign experts Local technotogical Local scientific and 
personnet trained at supplier engineering personnet 
fmns 

Production Technotogy Inefficient Retativety efficient 

Predominant soorce of Transfer of 'packaged' Indigenous efforts 
technotogical change foreign technotogy 

Predominant form of 'Packaged' 'Unpackaged' 
International transfer of 
Technology 

Predominant sourees of Supplier and govemment Customer and competitor 
external influence on 
technical change 

Market Locai (low competition) Local and overseas (high 
competition) 

Emphasis on research, Engineering (E) Development and Research, devetopment, and 
development, engineering engineering (D&E) engineering (RD&E) 

Supply sourees of Mostly foreign Mostly local 
components and parts 

Important govermnent Import substitution and Export promotion 
policies control of foreign 

in vestment 

Role of local applied R&D Consultative Adaptive development Research and development 
institutions 

Source: Kim (1980). 

In the acquisition phase, production is merely an assembly operation of foreign inputs to 
produce standard goods, which only requires engineering efforts. All technology is imported 
in 'packaged' form, including process equipment, production know-how and product 

13 In the original paper the first stage is referred to as implementation, while in subsequent work this was 

changed into acquisition. To avoid confusion I wiJl use the latter. 
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specifications. There is a high dependenee on foreign experts because local production 
knowledge is lacking. With low Iabour costs and little cost pressure in a protected market, 
production is inefficient. 

In the assimilation phase, new productive units are no Jonger established through 
international 'packaged' technology but by (now) experienced local entrepreneurlal and 
technical personnel. lncreasing dornestic and international competition forces companies 
assimilate foreign production technology, to produce differentiated and higher quality 
products, and develop export markets. Local engineers, often trained by technology suppliers, 
play an increasing role in product and process development, which contributes to the 
emergence of national part and process equipment industries. 

In the impravement phase, the industry bas fully developed. Highly skilied and 
experienced local engineers are able to make improvements in foreign technology and design 
new products. Besides engineering and development also research becomes important, 
teading to the establishment of separate R&D departments and institutes. Production is now 
mainly directed at export markets, while components and machinery are mostly supplied by 
local producers. Table 2.2 summarises the three stages of development. 

Table 2.3: Modes of Technological Learning by Type of lndustry 

lndustry Firm Souree of initia/ lndigenous efforts Emphasison 
Size technology to assimilate acquisition of 

foreigntechno/ogy capabi/ity* 

Large Foreign licensing High,rapid Production 

Smalt batch and Machinery and lnnovation 

unit production shipbuilding Small Own imitative Low,slow Production 
efforts 

Large Foreign licensing High, rapid Production 

Large batch and Electronics and In vestment 

mass production antomobile Junovation 
Smalt na na 

Chemica!, 
Large Turnkey, High, rapid Production 

Process consultancies Investment 
production 

pharmaceutical 
I nnovation 

andcement 
Small Imitative Low, slow Production 

Note: *Production refers to the capability to operate and maintain the production system. lnvestment refers to the 
capability to design and erect new ventures and expansions. Innovation refers to the capability to innovate and improve 
products and processes. 

Source: Adapted ftom Kim and Lee (1987). 

In subsequent studies Kim (1997; 1999) showed that many industries in Korea have foliowed 
a trajectory of technological leaming. Even so, in line with the Pavitt taxonomy and the 
technological regime classification, Kim found that the pattem of technology acquisition and 
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assimilation differs across manufacturing sectors (Table 2.3).14 Industries with batch 
technology (smalt and large), such as machinery and electronics industries, used licensing or 
original equipment manufacturing arrangements as a souree of initia) technology. Conversely, 
process industries, including chemica! and cement manufacturing, imported turnkey plants to 

initiate production. The ditierences in technological learning between the two types of 
industries (batch and process) seems to be associated with the type of output produced 
assembied or nonassembied - corresponding with the ILC models described above. In 
Chapter 9, I will further elaborate on this point. 

Figure 2.3: A Stylised model ofTechnological Catch Up and Strudural Change 

Source: Kim (1997). 

T.-Jikln (c•••••UOftl 

14 Also see Lee and Lîm (200 1 ), who use the concept of technological regime to analyse catching up pattems of 
six narrowly defined sectors in Korea. 
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Finally, Kim (1997; 1998) combined bis findings to provide a stylised, model of intra- and 

inter-industry catch up of late-industrialising countries, shown in Figure 2. The model 

integrates industry-level learning with structural transformation towards increasingly 

technologically advanced manufacturing sectors, depicted as a movement backwards over the 

ILC.15 During early-industrialisation, which corresponds to the economie situation of most 

developing countries, most firrns are engaged in the acquisition, assimilation and, sometimes, 

impravement of mature (specific-phase) industries, such as spinning, weaving or food 

manufacturing. Next, countries may engage in 'deeper' industrialisation and assimilate the 

technology of more sophisticated manufacturing activities, including large-scale process, 

automobile and basic electronics production. Many industries in catching-up countries like 

the NICs are in this stage. Finally, countries may move towards the generation of new 

technologies betonging to industries in the fluid phase. When the majority of manufacturing 

sectors bas reached this stage, the country bas managed to catch up and maybe considered an 

advanced economy. 

2.2.3 Discussion 

The main insight from the work of Linsu Kim is that successful industrialisation can be 

described as a movement backwards over the ILC in which technologies are subsequently 

acquired, assimilated and improved. It therefore explicitly incorporates the catch up 

hypothesis which argues that latecorner countries have the opportunity to assimilate 

technologies that are already developed by technologically advanced economies. 

Nevertheless, although the three stage model can be considered a reasonable 

representation of the development path of the NI Cs, such as Korea, Taiwan and Singapore 

(also see Hobday, 1995), it is subject to same criticism as the evolutionary theories discussed 

in the first section. As is well known one of the key factors bebind the success of Korea and 

Taiwan have been adequate technology and industrial policies, govemed by a strong state 

with a vigorous developmental drive. Developing countries almost by definition do not 

exhibit these characteristics and probably never exceed the first (acquisition) stage in the 

model. 
Another limitation of the model is its limited inference on industrial dynamics. The 

evolutionary economie research on advanced economies clearly demonstrates that technical 

change is industry specific. It seems therefore logical that the opportunities and sourees for 

technological assimilation and catching up will also differ across industries. Presently, only a 

few studies (Kim and Lee, 1987; Lee and Lim, 2001) have investigated this issue. Finally, 

entry, exit and survival rates of firms during the process of implementation, assimilation and 

improvement stages of the model are also not addressed. 

15 The model is an adapted version trom Jinjoo Lee et al. (1988). 
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2.3 Insights from Developing Countries: Dual Market Structures 

As mentioned before, the rapid development of Korea and Taiwan can be called exceptional. 

Many developing countries have experienced very little economie progress for long periods 

of time or have stagnated all together. Instead of going through a phase of structural 
transformation from low-tech to high-tech sectors, their manufacturing sectors are still 

dominated by basic industries, such as food, shoe and textile production. Likewise, in 

contrast to Korea and Taiwan, the state in many developing countries is often weak or even 
outright 'predatory' (Robinson, 2001). Not surprisingly, under such conditions primary 

policies are only modestly implemented, resulting in an unstable macro-economie setting and 

feebie institutional structure (Aron, 2000). These circumstances strongly affect the behaviour 

offirms and the evolution of industries. 

This section summarises the literature on industrial dynamics in developing countries, 
starting with some distinctive features ofthe business environment, foliowed by the empirical 

evidence on plant-level productivity and turnover. 

2.3.1 Business Environment 

The environment in which firms operate in developing countries, exhibits notably from that 
in industrialised countries or the NI Cs. Some of the most specific traits are (Tybout, 2000): 

•!• Market size With the exception of Brazil, Indonesia, China and India, the size of the 
dornestic market for manufactured goods is relatively small. Apart from basic products, 

such as food and clothing, demand per capita is low. 

•!• Access to manufactured inputs- Usually capital goods and intermediale inputs have to he 

imported because they are not produced locally. 

•!• Human capita!- Educational levels are low and there is a general scarcity of technicians 

and engineers. 

+ Irifrastructure - Basic infrastructure, such as roads, telephone lines, power and 

availability of clean water, is limited. 

•!• Macroeconomie stability Macroeconomie volatility is more extreme in developing 

countries than in industrialised countries. The financial crises in Latin America in the 

1980s, the Peso crisis in 1994 and the Asian crisis in 1997 underline this. 

•!• Institutions and gavernanee The legal and regulatory system is often inconsistent and 

not well functioning; the rate of corruption is relatively high; property rights are iil 
defined; anti-trust enforcement is weak; and the national system of innovation is 

underdeveloped. 

•!• Industrial policy - At least for some period, many developing countries have pursued 
import substituting industrialisation (ISI) or other types of industrial policy to foster the 

growth of a dornestic manufacturing sector (Bruton, 1998). 
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2.3.2 lndustrial Dynamies and Market Strueture 

The above conditions lead to several particular features of the manufacturing sector in 

developing countries. Probably the most distinctive of these is the existence of dualistic 

market structures, characterised by a few large-scale modem companies and a high number of 

small firms, which produce similar products side by side (e.g. Nelson, 1968; Blomström and 

Wolff, 1997; Sleuwaegen and Goedhuys, 2002; Cimoli and Katz, 2003).16 

Table 2.4: Distribution ofEmployment Shares for Selected Countries 

Numbers of Workers 
1-9 10-49 50> 

USA(I992) 4 15 81 

Korea (1988) 12 27 61 
Taiwan (1986) 20 29 51 
lndonesia ( 1977) 77 7 16 
Thailand (1978) 58 11 31 
Philippines (1974) 66 5 29 

Mexico (1993) 18 14 68 
Colombia (1973) 52 13 35 

Honduras (1979) 68 8 24 

Zambia (1985) 83 1 16 

Nigeria (1972) 59 26 15 
Ghana (1970) 84 15 

Note: Numbers may not add up due to rounding. 

Source: Tybout (2000). 

The dualism is clearly visible in Table 2.4, which shows the size distribution of a number of 

developing economies in comparison with the USA and the Asian NICs. The poor countries 

are characterised by a 'missing middle', indjcated by the very small share of firms with 10-49 

workers. In addition, the table shows that the percentage of firms in the 1-9 category is very 

high, relative to the firms in the size class 50>. The opposite holds for the richer countries. 

Empirical research indicates that plant size correlates negatively with income per capita both 

across countries and within countries through time. 

What accounts for the relative large heterogeneity in developing countries? How is it 

possible that a relative number of small and probably backward companies are able to survive 

next to a few large producers, which are Jikely to benefit from returns to size and the use of 

modem technology? Why do some many small firms fail to grow? Seven intertwined causes 

16 The concept of dualism goesback to the roots of development studies {Boeke, 1966). In most textbooks on 
economie development the term refers to 1he simultaneous existeoce of a traditional {i.e. smali-scale agriculture) 
and a modem sector (i.e. industry and plantation agriculture). In this study, bowever, I am only interested in 
intra-industry dualism. 
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for this phenomenon have been proposed, many ofwhich are mentioned inthereview articles 
by Fafcharnps (1994) and Tybout (2000):17 

1. Segmented or niche markets The absence of well developed transportation networks 

allows the existence of small isolated markets, which can be served efficiently by smali
scale plants that operate outdated machinery; 

2. Industry structure - The manufacturing sector in developing countries is biased towards 

low-tech industries, such as food, textiles or footwear for which economies of scale are 

less important or mass production techniques do not exist. This implies that both small 
and large companies can operate viably si de by side; 

3. Factor markets Abundant unskilled Iabour and a shortage of finance for capital goods 
biases production towards smali-scale and Iabour intensive technology. 

4. Managerial and technological capability Due to weak national innovation systems and 

a general lack of skilied managers and engineers, only a few firms possess the 
entrepreneurlal and technological capability to identifY, exploit and assimilate new 

technologies, in turn, leading to firm-level growth. Consequently, the firm-size and firm

performance distribution wiJl be much more dispersed in developing countries relative to 

high-income countries, where such capabilities are less scarce (Nelson, 1968). 

5. Macroeconomie instability Volatility in economie conditions deercases the incentive to 

establisb large-scale production facilities. Fluctuations in interest and exchange rates 
increase the financial risk associated with large investment projects, which require 
substantial borrowing on the international capital market. Moreover, small firms are much 

better able to deal with fluctuations in demand than large firms, which often need to 

operate at full capacity to be profitable. 

6. Regulations, bank credit and subsidies Labour and financial regulations as well as 
government subsidies are frequently biased towards large and small firms at the expense 

of medium-sized fmns. Large companies or influential business groups are better in 

lobbying the government to obtain tax cuts or special subsidies. They are also regarcled as 

relatively low risk by banks and are therefore offered preferential access to credit. On the 

other hand, it is easier for large firms to endure excessive regulation, which for exarnple, 
forces firms to hire more Iabour then required or to pay higher than market clearing 

wages. Small firms do not enjoy the benefits of large companies but are able to evade 

government regulations and taxation as long as they remaio small. It does not pay to be of 

medium size because such firms are not influential enough to obtain special treatment but 
will still be subject to government regulation. 

7. Trade policies - Protectionist trade policies remove the pressure from international 

competition and allow inefficient small firms, with outdated equipment to survive. Such a 

17 In particular Fafchamps (1994) presents an extensive treatment of these issues and their relationship to small 
scale production in Africa. 
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trade regime may also restraio the import and ditfusion of foreign technology and may 
therefore limit the growth of small firms to mediwn sized ones. 

The fact that manufacturing sectors in developing countries are characterised by dual 
economie structures does not have to be a problern per se. What matters is if and to what 
extent this phenomenon reflects a Jack of dynarnism and •creative destruction', resulting in 

inefficiencies, limited technica} change and incomplete catch up. Do excessive regulations 
and corruption prevent competition from working as a selection mechanism? Are small firms 
scale inefficient because they are hampered in their growth process? 

Empirical studies analysing these questions are still relatively scant, most likely to 
due to data limitations. Only recently bas the increasing availability of manufacturing census 
data provided some evidence on industrial dynamics and firm-level performance in 
developing countries. If the industrial sector in developing countries is indeed characterised 
by poorly functioning markets and a high number of •sick' firms one would expect that: (a) 

plant and job turnover is relatively lower, and (b) the dispersion of productivity and technical 
efficiency is relatively higher, in comparison to developed countries, where it can be asswned 
that markets are competitive. Tybout (2000) presents a literature survey to assess these issues. 
In contrast to expectations, he finds that average technica! efficiency - measured as the 
distance from the technical frontier - is not typically larger than what is observed for 
industrialised countries, using a similar methodology. A corresponding result is obtained by 
Blomström and Wolff (1997), who fmd that there is not much varlation in total factor 
productivity levels across plant sizes for the Mexican manufacturing sector. 

There exist only a few studies on job and plant turnover for developing countries 
because for this type of analysis one needs longitudinal micro datasets (LMDs) coveringa 

relatively long period of time, which are not easily available. Again, the evidence indicates 
that there is not much difference between high and low-income countries, where similar rates 
of high turnover are observed. Hence, so far the empirica! studies do not seem to support the 

notion that manufacturing sectors in developing countries are characterised by a Jack of 
competition or pervasive inefficiency. It seems therefore that other factors, such asindustry 
structure, segmented markets or Jack of skilled Iabour, which do not necessarily distort 
market selection, are responsible for the observed dualism in developing countries. 

However, notwithstanding these findings Tybout argues that: 

"[ ... ] it would be foolish to conclude that market power is a nonissue in developing countries. 
Turnover studies and cross-plant studies ofprofitability give only a general sense ofthe extent 
of competition, but they cover only a limited and perhaps unrepresentative set of countries. 
Further, they are unlikely to detect isolated pockets ofnoncompetitive behaviour." (2000, p. 
30). 

Indeed, the results of most studies are difficult to compare because of variadons in 
methodology, industry classification and variabie definition; limited coverage of countries; 
and serious measurement-error problems. Another possible bias in the estimates lies in the 
nature of the census data. For reasons of confidentiality, it is generally not possible to take the 
ownership structure into account. In many developing countries industries or even the 



Industry Evolution and Catch Up: A Lirerature Review 35 

economy is completely dominated by a few gigantic conglomerates (Amsden and Hikino, 

1994}. For example in the case oflndonesia, a UNIDO report states that: 

"Manufacturing production in Inoonesia remained relatively concentraled between 1990 and 
1996, and increased a little following the onset ofthe crisis. The four leading establishments 

produced more than 75% of the total output in more than half of the 300 in dustrial branches 
during this period. In fact, the four largest establishments accounted fur virtually all the 

production in more than a quarter of allindustrial branches." (Dhanani, 2000, p 122). 

Hence, it is very likely that the existence of large conglomerates in developing countries will 

affect competition and, hence, estimates for turnover and efficiency should be adjusted 

accordingly. As will be clear from the following chapters, also in the Indonesian pulp and 

paper industry it was essential to take into account the effect of large business groups on 

industry evolution and catch up. 

2.3.3 Discussion 

In contrast to the theories of industry evolution and catch up for industrialised countries and 

NICs, the work on industrial dynamics in developing countries explicitly acknowledges the 

influence of the business environment on plant tumover, productivity and growth. It is 

demonstrated that highly turbulent macroeconomie conditions, lack of infrastructure and 

weak institutions cause the emergence of dual market structures, composed of a handfut of 

modem firms and a high number of microenterprises. However, of the three strands of 

literature discussed in this chapter the research on industrial dynamics in poor countries is the 

least developed. Research is generally based on short periods and therefore growth dynamics 

cannot be observed. Further, there has been no attempt yet to take into account sector-specific 

aspects of industry evolution in developing countries. The analysis is often performed on 

broad samples, which lump together firms producing different goods or using various 

technologies that are probably not comparable. Finally, due to a Iack of high quality data, 

measurement errors are severe and the various studies are difficult to compare. Not 

surprisingly, there is not yet a stylised model on industry evolution indeveloping countries 

oomparabie to the ILC or the three stage model by Kim. This research will be a first step in 

this direction. 

2.4 Summary 

In this chapter I have sununarised three streams of literature, which, with different degrees of 

detail, provided insights on the determinants of industry evolution, industrial dynamics and 

catch up in three types of economies. Of these streams, the evolutionary economie theories 

are the most detailed. Both the industry taxonomies and ILC model clearly illustrate that 

industrial dynamics across sectors differ because of ditierences in the underlying pattems of 

technica! change. However, these insights are purely based on empirical evidence from 

industrialised countries. They therefore do not seem applicable to NICs or developing 

countries which (I) have the opportunity to exploit a backlog of technologies already 
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commercialised by advanced economies and countries and (2) differ substantially in terms of 
the economie and institutional context vis-à-vis advanced economies. 

Second, I reviewed the work of the late Linsu Kim (1980; 1997; 1999), who has 
extensively studied industrial development of South Korea - the key example of successful 
catch up in the modern economy. On the basis of detailed empirica} studies, he argued that 
industry and national catch up of the Korean economy can be modelled as a three-stage 
process in which technology is subsequently acquired, assimilated and improved. This is not 
an automatic or easy procedure but bas largely been driven by industrial and technology 
policies facilitated by a developmental state. Although this model can be considered a 
reasanabie representation ofthe development path ofnewly industrialising countries (NICs), 
such as Korea, Taiwan and Singapore, it does not seem to fit the majority of developing 
countries. Similar to the critique on the evolutionary economie theories, the model of Kim 
implicitly assumes a wider institutional and economie context (sound industrial and 
technology policies and a developmental state) which governs the process of catch up. 

Finally, I summarised a body of studies which explicitly recognises the influence of 

the business environment in developing countries on industrial dynamics. One of the most 
interesting findings of this research is persistent observation of dual market structures, 
composed of a high number of microenterprises and a few large modern companies, 
producing similar products side by side. A drawback of these studies is the often short time 
period covered and limited attention for the role technology specific factors on industry 
evolution. 
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The Pulp and Paper In dustry 

This chapter describes the main features of the global pulp and paper in dustry, which 
constitutes the industrial and technological context of the Indonesian case study. The paper 
production process can he seen as a long production chain, ranging from forestry to the 
conversion of wood or recycled fibres into consecutively pulp, paper and paperboard, and 
finished products. Depending on firm strategy, location or grade of paper produced, the 
various stages of production may or may not he integrated into one single plant Hence, it is 

not always clear what the boundaries ofthe industry are. In a broad sense, it may include the 
full production chain of paper from forestry to conversion activities, whereas in a more 
narrow definition used by statistica! agencies, it may oomprise only establishments engaged 
in the manufacturing of pulp, paper or paperboard.1 In this research I use a combination of 
both definitions, depending on the type, level and purpose of the analysis. In the statistical 
chapters, which are concerned with the formal analysis of productivity and technica! change, 
I will apply a strict definition to ensure that plants, firms or technologies can be adequately 
compared. Where broad patterns of industry development and catch up are investigated, 
linkages between various stages of the production process, especially with forestry, need to 
he taken into account. Hence, in such chapters, including this one, I will use a broader 
definition ofthe industry. However, throughout the whole study, paper is considered as the 
final product. The conversion of paper into boxes, stationary or other finished products is 

therefore not specifically addressed. 
The chapter consists of three sections. First, I will give a briefdescription of the pulp 

and paper mak:ing process, including bistorical development and summary of the main 
technologies involved. In the second section, four key features of the pulp and paper industry 
are outlined. These typical characteristics and their interaction are responsible for shaping the 
global pulp and paper industry as will be described in the final section. In particular, I wilt 
discuss issues like supply and demand, international trade and industrial dynamics. 

1 This definition corresponds with the following industrial classifications: 3221 ofthe North American Industry 

Classification System (NAICS); 3411 ofthe International Standard Industrial Classification (ISIC); and 2621, 
2621 and 2631 ofthe Standard Industrial Classification (SIC). 

37 
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3.1 Production Process 

3.1.1 Bistorical Development 

Dating back to about the third century BC, papyrus and parcbrneut are probably the oldest 
writing materials. However, although similar in many aspects, they are not considered to be 

paper because no individual fibres are used. Tsai Lun, an official at the Chinese court is 
credited with having made the first sheet of paper around 105 AD. Traditional papermaking 
was a time consuming and cumhersome process, done almost completely by hand. First, linen 
and cotton rags had to be beaten and mixed with water to separate the (cellulose) fibres and 
obtain pulp. Next, the pulp was put onto a porous screen after which much of the water was 
removed by a wooden screw press. Finally, the wet paper sheets were hung on a rope to dry. 
During the industrial revolution, stimulated by a general trend towards automation, the first 
steps were taken to mechanise the paper making process. In 1798, the Frenchman Nicolas

Louis Robert invented a machine, which used a continuously moving belt to make endless 
sheets of paper. In 1801, the machine was patented in Britain and came to the attention ofthe 
Fourdrinier brothers, English stationers. With their investment and the creativity of the 
mechanic Brian Donkin, the first 'Fourdrinier' paper machine was produced six years later. 
In the following years the paper machine diffused rapidly across Britain and Europe, forcing 
many traditional paper mills out of business. 

In the secoud half ofthe nineteenth century, the demand for paper products increased 
sharply, putting heavy pressure on the supply of rags. As a consequence new raw matenals 
were searched for, which led to the discovery of a number of wood-based pulping techniques: 
groundwood in 1844 (Germany), sulphite in 1857 (France and Sweden) and sulphate (or 
kraft) in 1883 (Germany) (Tremblay, 1994). With these new technologies it was possible to 
use wood, a cheap and widely available substance, as a feasible alternative to rags for the 
manufacture of paper. Already by the turn of the century, woodpulp made up more than 50 
percent oftotal raw materials. By 1914 its share was approaching 75 percent (Magee, 1997). 
The shift from rags to wood gave forest-rich countries like Finland and Sweden a substantial 
comparative advantage and provided an important first impetus for the establishment of large 
dornestic pulp and paper industries as well as the development of local equipment 
manufacturers. At the same time, new types of paper, such as tissue and certain board grades 
were beginning to be produced on a large scale, teading to the development of larger and 
more specialised paper machines. lt was around this time that modem pulp and paper 
manufacturing took off, the features ofwhich are discussed in the remaioder ofthis chapter. 

3.1.2 Modern Pulp and Paper Making 

Figure 3.1 depiets the main elements of the production process of paper. A variety of raw 
materials can be used for the production of paper (1 in Figure 3.1 ). With 5 5 percent, wood 
(chipped trees or residuals from the sawn and lumber industry) is the main souree of fibre 

supply (Diesen, 2000). Recently also recycled paper (mainly old corrugated containers 
(OCC) and newsprint) is increasingly used to make paper. While the share of recycled fibre 
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was only 20 percent in 1970, it accounts for 30 percent today and its share is expected to rise 
to 40 percent in 2010. The remaioder ofraw material input is made up of nonwood fibres 
such as bagasse, hempand cotton (3 percent) and minerats and chemieals (12 percent). 

Note: (!) raw materials; (2) sulpbate or kraft pulping; (3) recycled paper pulping; (4) pulp forming, dl:ying and 
frnishing; ( 5) stock preparation; and ( 6) paper making. 

Source: http://www.ptcp.com.papermaking.html. 

The paper making process can be separated into two main stages, pulping and paper making 
proper. In a possible third stage, some papers are converted into finished products, like boxes, 
writing pads or bags. This is usually done in separate facilities by independent companies and 
is therefore not discussed bere. The main object of the pulping process is to separate the 
fibres ofthe raw material in order to obtain a substance that is suitable to make paper. There 
are three pulping techniques: 

1. Mechanica/ wood pulping - In the mechanical processes (groundwood, refiner or 
thermo ), the wood is ground into pulp. The advantage of this metbod is the high yield. 
About 95 percent of the wood can be tumed into pulp. Disadvantages are that tibres are 
torn which makes paper made out of mechanical pulp less strong and that the process 
requires a lot of energy. Mechanica} processes also cannot separate lignin, a resinous 
adhesive that makes up 30 percent of a water drained tree, from cellulose. Paper that 



40 Chapter 3 

contains lignin turns yellow when exposed to light. As a result, its main application is 

newsprint where quality and strength are less important. 

2. Chemica/ wood pulping (2 in Figure 3.1)- In the chemica! wood pulping processes, 

sulphate or sulphite is used to turn the raw matenals into pulp. It consists of several steps. 
First, the sawdust and wood chips are mixed with chemicals, called white liquor, in a 

digester {batch or continuous) and cooked for several hours. The liquor permeates the 

wood and separates the lignin from the cellulose. Then, the dissolved non-ftbrons 

matenals and chemicals, now called black liquor, are wasbed away and the pulp is 

discharged. In modem pulp plants the black liquor is burned in a recovery boiler to 

generate energy for the production process. Finally, the pulp is screened to remove 

oversized debris and sent to storage. A major innovation in chemica! pulping occurred in 

the 1960s when the process was adjusted to make paper from short-ftbred hardwood 

species like acacia, southem pine and eucalyptus (Zavatta, 1988). Before that time, only 
long-fibred softwood (e.g., spruce, pine and ftr), which is mainly grown in Europe and 

North America, could be efficiently used. With the new technology, countries like Chile, 

Brazit and Indonesia, where hardwood can grow very rapidly were given ample 

opportunities toenter the market (see below). With Chemically produced pulp is mainly 

used for rnaking printing and writing paper because of its high quality and long fibres? A 

disadvantage of chemica! pulping is its low yield {45-65 percent). With a share of 

approxirnately 42 percent of the globally installed capacity (including non-wood and 

recycled paper pulping) chemical pulping is the dominant pulping technique {Herbert

Copley, 1999). 

3. Recycled paper pulping (3 in Figure 3.1) In recycled pulp mill, the collected papers are 

first mixed with water and chemieals in a repulper to separate the raw material into fibres. 
The pulp is then fittered through a number of sereens to remove contaminants, such as 

coatings, additives, filters and loose ink particles. Finally, the pulp is screened to take out 

the last impurities. When, paper is used which bas ink on it, such as newspapers and 

magazines, soapy chemieals are added to the pulp for deinking. Recycled paper pulp is 

mainly used for the production of boards and newsprint. 

In the second stage of the production process, the pulp is converted into paper. Pulp and 

paper making facilities can either be separated over two plants or integrated into one single 

plant. In the former, the pulp is dried, cut and baled ftrst and then shipped to a paper mill 

where it is diluted again (4 in Figure 3.1). In the Jatter, the wet pulp is directly transported to 
the paper mill for further processing. Here, ftrst, the pulp is mixed with chemieals and water 

in the stock preparation process to enhance the brightness, opacity and water absorption 

capability ofthe paper to be produced (5 in Figure 3.1). Next, the stock is transformed into 

paper through the use of one very large single piece of equipment, the paper machine (PM), 
which is in essence a dewatering apparatus (6 in Figure 3.1). 

2 Paper grades made with chemica! pulp are sometimes called 'wood-free' papers. Here 'ftee' refers to lignin 

rather than wood 
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The PM consists of three sections (Figure 3.2). In the wire section, the stock is sprayed on a 

continuous belt to form a sheet. There are several techniques for sheet formation. The oldest 

are Fourdrinier and cylinder machines, which use a horizontal wire and a rotating drum, 

respectively. A relatively new concept is the twin-wire technology where the paper is formed 

between two sets of continuous wires (Ofori-Amoah, 1993; Ofori-Arnoah, 1995). Advantages 

are faster dewatering and more uniform paper. Twin-wire technology started to diffuse 

rapidly during the 1970s and is now commonly used in most paper machines for printing and 

writing, newsprint or tissue paper. For the production of cartonboard, which consists of 

multiple layers, cylinder or Fourdrinier machines are better suited. After the sheet is formed, 

the paper is subsequently conveyed to a set of rotating rolls (press section) and a large 

number of steam-heated cylinders (drying section) remove all the remaining water rrom the 

paper. Finally, the paper is put on a reel , coated, calendared or cut, depending on customer 

specifications. 

Figure 3.2: The Paper Machine 
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Since its invention, about two hundred years ago, the PM has foliowed a technological 

trajectory (Dosi, 1984) of incremental change in width and speed, while radical change has 

been completely absent (Ciapperton, 1967). Since 1920 the design speed of printing and 

writing machines has increased by a factor four rrom 563 to 2,000 meter per minute, wheras 

the wire width of this class of machines has doubled rrom 5.13 to 10.45 meter (see Figure E.1 

and Figure E.2 in Appendix E). However, the design principles of the PM have hardly 

changedover time. In fact, the original 'Fourdrinier' machine made by Brian Donkin is: 

"[. .. ] virtually the same in principle, sofaras the wet end and presspart are concemed, as the 

Fourdrinier machines of today. There are differences, some of the equipment used by the 

Fourdriniers having been dispensed with, aod other things added. Nevertheless, it is easily 

recognizable as a Fourdrinier wire and press-part by anyone who knows a modern paper

waking machine" (Ciapperton, 1967, p. 32). 
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Even generic technological breakthroughs, such as steam power and the introduetion of 

electrooie control systems, which have had disruptive effects on other process technologies 

(Rosenberg, 1976) were 'absorbed' into the original design principle. Probably the only 

innovation, which has had a more than incremental effect on machine performance is the 

twin-wire technology, mentioned above. However, in the terminology of Henderson and 

Clark (1990), the twin-wire should be considered a modular rather than a radical innovation 

since it has replaced only one component (the Fourdrinier wire section), without changing the 

architecture or design concept of the PM. 

Although the basic principle of all machines is similar (i.e. wire, press and dryer 

section} there are minor differences in the design of the individual components, associated 

with the type of paper produced (e.g. twin-wire, Fourdrinier or cylinder wire section}. Papers 

with a high basis weight need more dewatering, which implies that board machines are 

generally slower than PMs, which produce thinner grades, like newsprint or tissue. Also the 

design width of PMs differs across paper grades. Machines for the production of bulk 

products (e.g. newsprint or copy paper) are in general wider than those for higher value added 

products (e.g. specialty papers), where orders are much smaller and quality is more 

important. Table 3.1 presents best practice figures for speed and width by grade of paper. Due 

to the differences in design, it is not possible to switch production to other paper grades 

without substantially rebuilding the PM.3 

Table 3.1: Best-Praetice Technological Performance, by Grade 

Papergrade Speed Width 
(meter per minute) (meter) 

Newsprint 1,902. 10.50d 

Light weighted coated 1,751. 10.45d 
Super calendared 1,653" na 
Uncoated woodfree 1,458" 9.77" 
Coated woodfree 2,000b 10.45d 
Corrugating materials 1,800b ll.OOd 

Cartonboard sooc na 
Tissue 2,0438 7.ot• 

Note: • actual speed; b design speed; • average speed; d wire 
width; •mm width; na: not available. 

Source: paperloop (2003). 

3.2 Charaderistics of the Pulp and Paper Industry 

Given the production technology and the properties of paper as a natural resource based 

commodity product, one can distinguish four key characteristics of the pulp and paper 

industry, which jointly determine the structure and dynamics of the global pulp and paper 

industry (Carrere and Lohmann, 1996; Norberg-Bohm and Rossi, 1998; Herbert-Copley, 

3 An exception is the so-called 'swing' machines that are sometimes used in Asia. 
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1999): (1) scale and capital intensity; (2) supplier dominated teehoical change; (3) cyclical 
nature of production; and (4) environmental sensitivity. As will be shown in the following 
chapters, these four elements also have been instromental in shaping the Indonesian Industry. 
Each of them is discussed in turn. 

3.2.1 Capital and Scale Intensity 

The pulp and paper sector is a mature industry, which pattem of teehoical change 
corresponds well with the one predicted by the product life cycle model for nonassembied 
product industries, surnmarised in the previous chapter. Paper is a relatively simpte and 
standardised product. Therefore companies compete mainly on the basis of price instead of 
quality. To increase productivity and lower costs, teehoical change will be directedat process 
rather than product innovation. In the pulp and paper industry this has resulted in ever 
increasing size of machinery to benefit from economies of scale. Figure 3.3 depiets capacity 
trends for thermomechanical (TMP) pulp lines, continuons digesters and newsprint machines. 
Since the 1960s, capacity of pulp and paper equipment has grown on average with about 4 to 
5 percent annually. 

Figure 3.3: Capacity Trends for Pulp and Paper Machinery 
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Source: Diesen (2000). 

Given the large size of pulp and paper equipment, the industry is among the most capitai
intensive industries in the world. In the US, the average annual investment for the pulp and 
paper industry is US$ 16,000 per employee, four times the manufacturing average of US$ 
4,000 (Carrere and Lohmann, 1996; Norberg-Bohm and Rossi, 1998). Modem paper 
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machines may cost up to 400 million US$ and account for 20 to 50 percent of total paper mill 
investment. Single state-of-the-art pulp mills may even costs more than one billion US$.4 

3.2.2 Supplier Dominated Technica) Change 

In the Pavitt (1984) taxonomy, paper and pulp manufacturing is classified as a 'supplier 

dominated' industry along with mostother mature industries, such as textiles and food.5 In 
this class of industries, suppliers of machinery are responsible for the introduetion of most 
new technologies; process innovation is relatively more important than product innovation 
and firms are typically smalt. Except for the size aspect (see below), these traits certainly 
apply to pulp and papermaking. Core pulp and paper machinery, such as paper machines and 
digesters, are manufactured by a very smalt number of highly specialised companies. 
Currently, there are only two technology suppliers, Voith and Metso, which deliver 
equipment for the complete production process from pulping to papermaking.6 Together with 
Mitsubishi, they are also the only firms with the ability to produce the large state-of-the art 
paper machines. Conversely, auxiliary equipment, such as pumps, valves and pipes, small 
spare parts or software are supplied by a wide range ofless-specialised companies. 

In contrast to the technology-supplying sector, the pulp and paper industry itself can 
be regarcled as a low technology sector. R&D expenditures as percentage of sales are among 
the lowest in manufacturing. For the teading producers in Sweden and Finland they range 
between 0.8 percent and 1.4 percent, while they are only around 0.6 percent for American, 
Canadian and British companies (Paperloop, 2003). However, there is evidence that these 
figures underestimate teehoical change in the pulp and paper in dustry. By means of detailed 
case studies, Laestadius (1998) convincingly shows that the interaction between users and 
producers of equipment during major investment projects is an important souree of 
innovation in the pulp and paper industry. However, standard indicators for technological 
intensity, such as R&D expenditures and patents, do not capture this. 

3.2.3 Cyclical Nature 

Another notabie feature of the pulp and paper industry is its highly cyclical nature, 
characterised by periods of 'boom and bust' (Carrere and Lohmann, 1996; Diesen, 2000). 
This partienlar market behaviour is not so much due to changes in demand but rather due to 
periodic supply shocks. In periods of economie upswing, rising demand and higher prices 

will stimulate producers to construct new large-scale plants. Due to the enormous size of the 
new production lines, capacity will oversboot demand and prices will start to decline again. 

4 See Kenny (1997) for the costs of some ofthe largest paper machines installed in Indonesia and Table 9.4 in 

Chapter 9 for the investments costs of pnlp mills in lndonesia. 
5 The next section shows tbat tbe pnlp and paper industry might as wen have been categorised as a scale 

intensive industry in tbe Pavitt taxonomy. 
6 Until 1999, when it went bankrupt, tbe American company Beloit was also one of tbe main technology 

manufacturers. According to industry sources, this was partly caused by tbe failure to sell two of largest 

machines it ever built to Asian Pulp and Paper (APP). Metso emerged from the merger between Valmet, Rauma 

and Sunds in the l990s. 
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As prices drop the installation of new capacity stops and older high-cost mills will be taken 

out of production. This may even result in a situation of undercapacity, putting upward 

pressure on prices again. The cyclical pattem of the industry is clearly illustrated in Figure 

3.4, which shows pulp and paper price trends between 1979 and 1999. Especially in the 
1990s prices seem to have fluctuated considerably. Around 1990, aftera period ofvigorous 

investment and increasing demand a situation of overcapacity occurred. As a result prices feil 

rapidly and investment decreased by 36 percent during the four-year period 1991-1994 

(Suhonen, 2001). In the following three years there was a brief recovery, resulting in rapidly 
increasing prices. The price of northem bleached softwood kraft (NBSK) pulp more than 

doubled from over 400 US$ per ton in 1993 to almost 1000 US$ per ton in 1995. The prices 

of paper exhibited similar patterns but at more modest rates. In 1996, there was yet another 

recession, triggering another round of sharp declines in investment and prices. The increase 

in price volatility during the last decade has also been ampli:fied by the construction of a 
number ofvery large production facilities in low-cost developing countries, such as Indonesia 

and Brazil (see below). 

Figure 3.4: Pulpand Paper Prices (US$), 1979-1999 
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Source: Pulpand Paper International, International Fact & Price Book, Milier Freeman, Brussels. 

3.2.4 Environmental Sensitivity 

The pulp and paper in dustry is a very enviromnentally sensitive in dustrial activity. One can 

distinguish three types of enviromnental issues related to industry. First, pulp and paper 

manufacturing is a natural resource based industry and, hence, there is a strong need for a 
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sustainable supply of raw matenals (also see below). In most developed countries there are 

strict regulations to guarantee environmentally sound forest management, for instanee in the 
form of plantations. Furthermore, increasing consumer awareness of environmental issues bas 
stimulated the utilization of recycled paper. This is not the case for many developing 
countries, where the use of tropical hardwood is leading to alarming rates of deforestation 
and the recovery rate ofused paper is low. 

Secondly, the pulp and paper industry is one of the most polloting manufacturing 
sectors. In 1994, it was ranked fifth among US manufacturing industries, both in terms of 
toxicity indices which measures the quantity of toxic materials generated per unit of output, 
and average pollotion ahatement costs, i.e. the average industry spending on environmental 
expenditures per unit of output (Herbert-Copley, 1999). Especially the liquid effiuents ofthe 
pulping process contain large amounts of waste such as chemieals and fibres, which account 
fora large share oftotal water pollution (Zavatta, 1988). In addition, the industry is a souree 
of air pollution as some chemical pulping processes produce sulphur gases and particles. 

Finally, pulp and paper production is an energy intensive activity. Especially the 

paper machine requires a lot of energy to dewater the paper. After the oil shock in the 1970s, 
there bas been more emphasis on making pulp and paper manufacturing more energy 
efficient. This bas resulted in a decrease of energy consumption per ton of paper produced 
due to, among others, technological advance in self-generation of power through the buming 
of wood residuals and waste liquor. 

3.3 Global Structure 

3.3.1 Demand and Supply 

Paper and paperboard products are important and widely used commodities. Final demand is 
strongly correlated with economie development. This is illustrated by Table 3.2, which shows 
paper consumption per capita for a number of rich and poor countries in 2000. With 332 
kilogram, the USA consumes relatively the most paper per head, while developing countries 
Iike Indones ia and Ethiopia are on the other end of the scale with a consumption of less than 
20 kilogram per capita. Other determinants affecting the general demand for paper are 
political and economie stability and population growth. Factors, which affect the specific 
demand for certain paper grades are consumer preferences, advertising, the literacy rate, 
population growth and the relative size of the manufacturing and service sector. Table 3.3 
shows paper demand in various countries and regions by grade. Overall, printing and writing 
paper makes up the largest share of world demand, closely foliowed by corrugated materials, 
which are predominantly used for industrial purposes such as packaging. W orld demand for 
paper is forecast to grow from 325 million tons in 2000 to over 453 miJlion tons by the year 
2015 (Tarvianen, 2003). About four to fivepercent growth is expected to come from Asia, 

Latin America and Bastem Europe, while prospects for North America, Japan and Western 
Europe are moderate. 
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Table 3.2: Paper Consumption per Capita (kg), 2000 

Country 

USA 
Japan 
Canada 
Australia 
SouthKorea 
Portugal 
China 
Russia 
Indonesia 
India 
Ethiopia 

Source: Paperloop (2003) 

Paper consumption per 

capita ((kg) 

332 
250 
243 
193 
156 
90 
28 
22 
19 
4 

0.3 

Table 3.3: Paper Consumption by Grade (%), 1998 

Papergrade World USA Europe China Indonesia SouthKorea 

Newsprint 12 14 14 4 5 20 
Printing and writing 30 31 36 20 15 21 
Corrugating materials 25 31 22 44 37 33 
Otherboard 14 13 12 16 29 10 
Tissue 6 7 6 5 3 5 
Other 14 4 10 11 11 11 
Total 100 100 100 100 100 100 

Source: Paperloop {2003) for all values, except Indonesia from APKI {1997). 
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Since 1970, global production of paper and paperboard bas increased from about 126 million 

tonnes in 1970 to almost 324 million tonnes in 2002, an average annual growth of3 percent 
(Table 3.5). Growth of global pulp output bas been less with 2 percent from approximately 
103 to 185 million tonnes (Table 3.4). This is explained by the increasing use of recycled 
paper, stimulated by advances in recycling technology and growing environmental 
awareness. In 1970, the share of recycled paper was only 20 percent, whereas it is expected to 
grow to 40 percent by 2010. The tables also list the world's top 15 countries producing pulp 
and paper, ranked according to their 2002 figures. The USA has been by far the largest global 
producer in both markets, manufacturing approximately one third of world output. 
Nevertheless, the tables show a clear trend towards growing importance of several 
developing countries. While in 1970, only 7 percent of the wortd's pulp and paper was 
supplied by industrialising countries, they accounted forabout one quarter oftotal production 
in 2002. Forsome countries, in particular China and South Korea, growth in production can 

be explained by rapid economie development and associated rise in dornestic demand. For 
others, discussed in the next section, supply side factors have been relatively more important. 
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Table 3.4: World's Top 15 Pulp Producers (000 tonnes), Selected Years 

1970 1986 2002 
1. USA 36,341 (35} 51,056 (34) 52,914 (29} 

2. Canada 16,235 (16) 21,330 (14) 25,543 (14) 

3. China 3,430 (3) 9,694 (7} 18,381 (10) 
4. Sweden 7,828 (8) 9,380 (6) 11,740 (6) 

5. Finland 5,951 (6) 7,827 (5) 11,729 (6) 

6. Japan 8,247 (8) 9,075 (6) 10,735 (6) 

7. Brazil 867 (1) 3,908 (3) 7,390 (4) 

8. Russian Pederation na (na) na (na) 6,284 (3) 

9. lndonesia 16 (0) 221 (0) 5,587 (3) 

10. Chile 356 (0) 846 (1) 2,668 (1) 

11. Australia 499 (0) 922 (1) 2,644 (1) 

12. India 728 (1) 1,446 (1) 2,603 (1) 

13. France 1,806 (2) 2,037 (1) 2,561 (1) 

14. Norway 2,083 (2) 1,824 (1) 2,174 (1) 

15. Germany 2,153 (2) 2,629 (2) 2,148 (1) 

Developed countries 95,826 (93) 127,842 (86) 142,168 (77) 

Developing countries 7,015 (7) 20,251 (14) 43,045 (23) 

World 102,841 (100) 148,093 (100) 185,213 (100) 

Note: Countries are ranked according to 2002 figures; world's shares in brackets; na: not available. 

Source: FAO, FAOSlAT, http://apps.fao.org. 

Table 3.5: World's Top 15 Paper and Board Producers (000 tonnes), Selected Years 

1970 1986 2002 
I. USA 45,805 (36) 64,444 (32) 81,792 (25) 

2. China 2,961 (2) 12,641 (6) 37,929 (12) 

3. Japan 12,973 (10) 21,062 (10) 30,717 (9) 

4. Canada 11,253 (9) 15,259 (8) 20,226 (6) 

5. Gennany 6,661 (5) 10,729 (5) 18,526 (6) 

6. Finland 4,266 (3} 7,549 (4) 12,776 (4) 

7. Sweden 4,359 (3) 7,364 (4) 10,724 (3) 

8. France 4,134 (3} 5,583 (3) 9,798 (3) 

9. SouthKorea 330 (0) 2,773 (1) 9,332 (3) 

10. Italy 3,549 (3) 4,631 (2} 9,273 (3) 

11. Brazil 1,099 (1) 4,525 (2) 7,354 (2) 

12. Indones ia 19 (0) 611 (0) 6,995 (2) 

13. United Kingdom 4,903 (4) 3,941 (2) 6,481 (2) 

14. Russian Pederation na (na) na (na) 5,904 (2) 

15. Spain 1,281 (1) 3,152 (2) 5,365 (2) 

Developed countries 117,764 (93) 172,799 (85) 240,597 (74) 

Developing countries 8,689 (7) 30,480 (15) 82,877 (26) 

World 126,454 (100) 203,279 (100) 323,475 (100) 

Note: see Table 3.4. 

Source: see Table 3.4. 
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3.3.2 Global Shift 

Similar to many other products, pulp and paper is increasingly traded internationally. 
Between 1970 and 2002, total exports of pulp doubled (Table 3.6) while trade in paper 
quadrupled over the same period (Table 3. 7). A breakdown by country reveals an 
unmistakable shift in exports from developed to developing countries. This is especially 
pronounced in the international pulp market, where exports of the latter increased by almost 
10 percent per year from a mere 399 thousand tonnes in 1970 to more than eight million 
tonnes in 2002, accounting for 21 percent of total world trade. Notably three countries are 
responsible for this development, Brazil, Chile and Indonesia. The first two have steadily 
expanded their market share since the 1970s and are now ranked fourth and fifth, respectively 
in the top five ofworld's largest exporters. Indonesia is a relative newcomer and only entered 
the international arena in the beginning of the 1990s, following a period of extremely rapid 
growth. 

Apart from national factors, such as macro-economie stability, politica} situation and 
industrial policy, which determine individual country experiences, and global economie 
phenomena like increasing liberalisation and multinational activity (Dicken, 2003), access to 
cheap and abundant forest resources have been the main factor bebind the global shift in pulp 
and paper manufacturing. With 23 to 35 percent, wood accounts for the largest share in total 
(chemical) pulp production costs. The other components are chemieals (6-12 percent), Iabour 
(2-13 percent), transport (6-20 percent) and other (8-22 percent) (Paperloop, 2003). 
Comparative advantages in pulp manufacturing are therefore largely determined by the 
availability of large wood supplies, which traditionally also have been responsible for the 
creation of large dornestic pulp and paper industries in Finland, Sweden and Canada. With 
the invention of new hardwood pulping techniques in the 1960s, countries with an abundance 
of tropical forests saw a new and profitable market being opened up. What gives these 
countries a mayor advantage over their northern competitors is not only the sheer availability 
of wood but also the speed at which it can be grown. While softwood species such as spruce 
and pine need between 25 and 90 years before they can be harvested, a growth cycle of 7 
years has been reported for eucalyptus and acacia in Brazit and lndonesia. As a result, wood 
and cash costs are considerably lower in these countries compared with those of their 
northern competitors (Table 3.8). 

Other factors, which contribute to the comparative advantage of the new producers, 
are economies of scale. Though investment-related entry harriers are high in a mature 
industry, like pulp and paper manufacturing (Perez and Soete, 1988), some firms in 
newcomer countries have managed to instaU best-practice large-scale technology with much 
higher capacity than the equipment used by their northern competitors. Presently, there are 
only two mills in the world with a pulp capacity of over 2 million tons per year, which are 
located in Brazil {Aracruz) and Indonesia (APRIL). Plants ofthis size are not profitable in the 
northern conntries due to infrastructural problems. In Finland and Sweden, pulpwood 
plantations are often small and their location scattered, implying that the cost for transporting 
the raw material to the pulp mill site will be high (Diesen, 2000). 
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Table 3.6: World's Top 15 Pulp Exporters (000 tonnes), Selected Years 

1970 1986 2002 

I. Canada 4,762 (32) 7,406 (34) ll,640 (30) 
2. USA 2,062 (14) 3,511 (16) 5,477 (14) 

3. Sweden 3,488 (23) 2,946 (13) 3,280 (9) 
4. BraziJ 39 (0) 880 (4) 3,254 (8) 

5. Chile lOS (1) 565 (3) 2,173 (6) 

6. Finland 1,805 (12) 1,383 (6) 2,114 (S) 

7. Russian Federation na (na) na (na) 1,788 (5) 

8. Indonesia 0 (0) 0 (0) 1,698 (4) 

9. Portugal 340 (2) 890 (4) 916 (2) 

10. NewZealand 98 (1) 504 (2) 798 (2) 
11. Be1gium 0 (0) 0 (0) 658 (2) 
12. Spain 21 (0) 435 (2) 546 (1) 

13. France 172 (1) 343 (2) 487 (I} 

14. Germany 48 (0} 84 (0) 486 (1) 

15. Norway 912 (6) 428 (2) 485 (1) 

Developed countries 14,714 (97) 20,230 (92) 30,415 (79) 

Deve1oping countries 399 (3} 1,869 (8) 8,168 (21) 

World 15,113 (100) 22,099 (100) 38,583 (100) 

Note: see Table 3.4. 

Source: see Table 3.4. 

Table 3.7: Wortd's Top 15 Paper and Board Exporters (000 tonnes), Selected Years 

1970 1986 2002 

1. Canada 8,073 (35) 10,763 (25) 14,276 (IS} 

2. Finland 3,559 (15) 6,275 (14} 11,487 (12} 
3. Germany 642 (3) 3,220 (7) 9,732 (10) 

4. Sweden 2,940 (13) 5,325 (12) 8,942 (9) 
5. USA 2,424 (10) 3,796 (9) 8,225 (9) 

6. France 387 (2) 1,396 (3} 4,754 (5} 

7. Austria 522 (2) 1,531 (4} 3,914 (4} 

8. China 122 (1) 455 (I) 3,602 (4) 

9. Netherlands 591 (3) 1,380 (3) 3,052 (3) 
10. Russian Federation na (na) na (na) 2,441 (3) 

11. SouthKorea 0 (0) 248 (1) 2,326 (2) 

12. Indones ia 0 (0) 67 (0) 2,316 (2) 

13. Be1gium 0 (0) 0 (0) 2,244 (2) 

14. Norway 1,018 (4) 1,233 (3) 1,865 (2) 

15. Spain 29 (0} 437 (1) 1,718 (2) 

Developed countries 23,073 (99) 41,564 (96) 84,390 (88) 

Developing countries 318 (I) 1,875 (4) 11,621 (12) 
World 23,391 (100) 43,439 (100) %,0ll (100) 

Note: see Table 3.4. 

Source: see Table 3.4. 
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Table 3.8: Wood and Cash Costs ofBieached Chemical Pulp (US$/ton) 

Softwood pulp Hardwood pulp 

Woodcosts Cash costs Woodcosts Cashcosts 

Finland 265 325 Spain 232 
Sweden 250 340 Portugal 210 
Canada 213 380 Sweden 202 
US South 162 320 Brazit 100 
Chile 146 255 Indonesia 82 
Note: wood costs: 1998; cash costs: 2000; cash costs are production costs, delivered 
northem European port. 

Source: paperloop (2003). 

330 
320 
340 
230 
210 
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Finally, increasing external demand has also propelled the expansion of the new entrants. 
This effect is probably strongest for Indonesia, which has benefited from the rapid economie 
growth in Korea, Taiwan and China, which do nothave the forest resources to develop large
scale dornestic pulp production. 

The shift of paper manufacturing from the northern to the southern hemisphere bas 
been less pronounced. The combined share of developing countries exports is only 12 
percent, of which the largest share is contributed by Indonesia and China (Table 3. 7). The 
reason for this is that, in contrast to pulp manufacturing, international competitiveness in 
paper production is much less determined by production costs. There exist a wide range of 
paper grades, varying from standardised bulk products such as ncwsprint and printing and 
writing paper, to high value added grades as magazine paper and specialties. The latter group 
are relatively sophisticated products for which production depends more on in house R&D, 

skilied Iabour and cooperation with machine suppliers than on cost advantages. Barriers to 
entry for this class of papers are relatively high for developing countries with limited 
technological capabilities. Assuming they are able to mobilise the often very high fixed 
investrnents, newcomer countries have more chance to enter markets for bulk papers where 
international competitiveness is mainly determined by production costs. Indeed, low-cost 
producers have chiefly gained market share in the printing and writing paper segment, which 
can be efficiently made on the basis of tropical hardwood pulp. This has been much less the 
case for newsprint and paperboard for which the raw matenals are not sufficiently available 
in developing countries. A consequence of these developments is that the technological 
leaders, Finland and Sweden, are now trying to shift from the production of bulk grades into 
higher valued added paper grades (Ojainmaa, 1994). 

3.3.3 Industrial Dynamics and Market Structure 

Industrial dynamics and market structure in the pulp and paper industry are strongly 
influenced by the four features of the industry, outlined above. The high in vestment costs for 
new pulp and paper equipment causes high harriers to entry for potential new producers. 
Consequently, although much less than other capitai-intensive industries, ownership is 
relatively concentraled (Herbert-Copley, 1999; Diesen, 2000). In 1996, the global top five 
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pulp and paper companies accounted for 15 percent of total industry sales worldwide. 

Comparative numbers for other scale-intensive industries such as automobiles, steel and oil 

are 60, 50 and 40 percent, respectively (Paperloop, 2003}. 

Table 3.9: Capacity Share of Top 10 Pulpand Paper Producers by Region 

Country 1980 1997 
Japan 62 72 
Western Europe 20 50 
North America 38 47 
Latin America 30 40 
Asia (excl. Japan) 18 32 

&JUree: Paperloop (2003). 

Table 3.9 presents capacity shares of the ten largest pulp and paper producers by major 

geographical regions for 1980 and 1997. Concentration is the highest in Japan and the lowest 

in the developing regions, Asia and Latin America. The table also shows a global trend 

towards higher concentration over time, which is caused by three factors (Diesen, 2000}: 

1. Access to raw matenals In particular Finnish and Swedish producers have only limited 

dornestic availability of recycled fibres. Acquisition of central European companies close 

to densely populated regions and recycled fibre sourees provides a solution. Furthermore, 

through cooperation with Latin America and Asian companies, access is obtained to low 

cost hardwood pulp. An example is the joint venture of UPM-Kymmene and APRIL on 
projectsin Indonesia and China;7 

2. Capita! and scale intensity - Only large companies can generate the necessary finance for 

investment in modem pulp and paper equipment, required for low-cost production; 

3. The cyclical nature ofthe industry- As prices pulpand paper prices can drop rapidly, 

large companies with strong balance sheets have a much better chance to survive. 

Concentration is especially high in Europe, chiefly caused by the expansion of Swedish and 

Finnish companies, which have foliowed a strategy of merges and acquisitions. Currently, 

three firms in Finland and five in Sweden, are responsible for the major share of production, 

while before the market was composed of about 20 independent mills. In Asia (excluding. 

Japan), rapid capacity expansion by a few companies, rather than mergers and takeovers, bas 

led to increasing market concentration. In partienlar an Indonesian company, Asian Pulpand 

Paper (APP), bas installed large-scale pulp and paper lines at an unprecedented rate 

(AUSNEWZ, 1999). With operations in China, Indonesia and India, the company is currently 

the largest pulp and paper producer in Asia excluding Japan, the number 14 in the list of 

world's largest paper and board producers ranked on the basis of tonnes of paper produced, 

and the largest producer from a developing country (Table 3.10). A ranking of wortd's largest 

7 As a consequence offinancial problems on the side of APRIL, the alliance has dissolved in 2000 (Anonymous, 
2000). 
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companies on the basis of market pulp capacity would feature a much larger number of firms 
from developing countries because, as bas been stressed before, the Iargest pulp producers are 

located in Indonesia and Brazil. 

Table 3.10: Wortd's 15 Largest Paper and Board Producers, 2002 

Rank Company Paper and Board MarketPulp Sales Locattonof 

Productwn Production (millton Headquarters 

(000 tonnes) (000 tonnes) US$) 

StoraEnso 13,743 900 10,886 Sweden/Finland 
2 International Paper 10,568 2,290 20,386 USA 
3 Georgia Pacific 10,586 1,397 16,214 USA 
4 UPM-Kymmene 10,046 na 8,434 Finland 
5 Svenska Cellulosa 9,490 na 9,057 Sweden 
6 Weyerhaeuser 8,212 2,281 7,910 USA 
7 OjiPaper 8,170 80 8,516 Japan 
8 Nippon Unipac Holding 7,910 286 7,950 Japan 
9 Smurfit-Stone Container 7,095 514 7,483 USA 
10 Abitibi-Consolidated 6,394 106 2,838 Canada 
11 MeadWestvaco 5,800 0 6,861 USA 
12 M-Real 5,150 260 6,187 Finland 
13 Norsk:e Skogindustrier 4,991 0 2,854 Norway 
14 Asia Pulp and Paper 4,950 na 2,750 Singapore 
15 Sappi 4,087 907 3,690 South Africa 

Note: Although the headquarters of Asia Pulp and Paper are in Singapore, the company is owned by Sinar Mas, one of the 
largest lndonesian business groups. The largest share of the company 's capacity is located in Indonesia; na: not available. 

Source: Toland (2003). 

3.4 Conclusions 

In the this chapter I have presented an overview of the process techno logies, main features 

and global structure ofthe worldwide pulpand paper industry, which form the industrial and 

technological setting of the Indonesian case-study in this research. lt has been shown that 
pulp and paper manufacturing is characterised by scale and capital intensity, supplier

dominated technical change, booms and busts and environmental sensitivity. The 
combination of these four features bas shaped the dynamics and structure the worldwide 

industry. One ofthe most important international developments is the shift from established 
producers, mainly Finland and Sweden, towards late-industrialising economies, 

predominantly Brazil, Chile and Indonesia. The main factor bebind the successful growth of 

the latter countries is their access to abundant fast-growing forest resources, which gives 

them a considerable cost advantage over their northem competitors. Two other elements that 

have contributed to the increase in market share by the three newcomer countries are (1) the 
installation of large-scale process equipment, some of which is even larger and more 

sophisticated than the machinery used by the global technological leaders, Finland and 
Sweden; and (2) increasing demand (either foreign or domestic). The global shift ofthe pulp 

and paper industry is most pronounced in the pulp market, where output is homogeneous and 
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production cost-based. In the paper market, output is much more heterogeneous. Developing 
countries have only managed to gain market share in the bulk segment, while industrialised 

countries are increasing1y moving to higher valued paper grades. A final feature of the 
worldwide pulp and paper industry is the trend towards 1arger companies and, hence, 
increasing concentration. 



Chapter 4 

TheData 

Most of the empirica} work in this study is based on a longitudinal micro-level data set 
(LMD), which to the best of my knowledge, represents the history of virtually all pulp and 
paper mills that have ever been in operation in lndonesia. This was supplemented by 
interviews with pulp and paper firms, consultants, government officials, NGOs and 
international technology suppliers in Indonesia, Finland and the Netherlands. Additional 
information was drawn from earlierstudies ofthe industry in Indonesia, as wellas from items 
in the international trade and teehoical press. In the remaioder of this chapter, I give a 
detailed description on the sourees (Section 1) and construction (Section 2) of the Indonesian 
pulp and paper LMD. On overview of statistica} sourees and interviews can be found in 
Appendix A 

4.1 Sourees 

4.1.1 Manufacturing Survey 

The main data souree for the research is the Annual Manufacturing Survey (Statistik Industri 
Besar, SI), conducted by BPS (Badan Pusat Statistik), Indonesia's Central Bureau of 
Statistics, sinee 1975. The SI is designed to be a cover all large and medium scale 
manufacturing establishments with 20 or more employees. Depending on the year, it contains 
information on up to 160 variables, ofwhich the most important are industrial classification, 
location. ownership (public, private, foreign), Iabour (number, education, wages), assets, 
electricity, fuels, output, expenses, investment, raw material use and exports. Every decade 
(1976, 1986 and 1996), when the SI is part of the National Economie Census, the 
questionnaire tends to be more elaborate asking additional questions on for instanee book 
value of capital (1986) or R&D (1996). The SI uses the International Standard Industrial 
Classification (ISIC) adapted to Indonesian conditions, for industry classification. Aggregate 
data at five-digit level are publisbed every year whereas establishment level data is available 
in electrooie form. The SI has been used extensively to investigate a wide range of topics, 
such as total factor productivity (Aswicahyono and Hili, 2002), spillovers (Sjöholm, 1999) 
and trade (Ramstetter, 1999). In this study, I use the electrooie data from 1975 to 1997. At the 
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time of writing, data for 1998 was also available but these could not be linked to earlier due 

to a change in the establishment identification codes. 

A supplemental souree for establishment information is the backcast data. Though the 

SI is intended to cover all Indonesian establishments with more than 20 employees, BPS 
discovered that coverage before 1990 is incomplete due to serious problems in identifying 

new establishments. To solve this problem the missing information of new plants bas been 

backcast (see below). This data is available in electrooie form and can be linked with the SI 

through establishment identification codes. 

4.1.2 Other Sourees 

Another important souree for information bas been the Indonesian Pulp and Paper 
Association (Asosiasi Pulp & Kertas Indonesia, APKI). APKI routinely collects data on 

capacity and production for Indonesian pulp and paper mills. All pulp and paper companies 

are memhers of APKI, which means that there is full coverage of the industry .1 APKI 
provided unpublished data sheets, which give pulp and paper capacity and production at the 

plant level between 1990 and 2000. Part of this data is also presented in the Indonesian Pulp 

& Paper Industry Directory, which APKI publishes every second year, startingin 1987. It 
gives information on production, capacity, manpower (foreign and local), year of start-up and 

exports for each pulp and paper mill as well as aggregate data on production, capacity, 

consumption, export and import by paper grade. Additional capacity and production data 

starting from 1980 were collected from World Bank (1981), FAO (1984), APKI (1985), CIC 
(1990) and unpublished data sheets from the Ministry of Trade and Industry, which all 

present data initially collected by APKI. 

In addition to aggregate plant level data, such as value added, capacity and Iabour, I 
have collected data on pulp and paper making equipment for each individual mill. In 

particular, I have constructed a comprehensive database, containing many, if not all, paper 

machines (PMs) in operation since the installation ofthe first machine in 1923 up to 2000. 

Besides the some of the sourees mentioned above, the data was taken from: unpublished data 
from PM manufacturers, Jaakko Pöyry (1984); FAO (1984); CIC (1990); World Bank 
(1991); Asia Pacific Papermaker (1995); PPI (1997); master theses from the Eindhoven 

University of Technology (Minderhoud, 2002; Jonker, 2002) and the Institute for Research 

and Development of Cellulose Industries (IRDCLI); Paperloop.com (2003); specialised trade 

journals; websites and interviews with companies and technology suppliers. More detailed 
information on the PM database is given below. 

4.2 Construction of tbe LMD 

The construction of the lndonesian pulp and paper LMD involved three steps. First, I used 

information from APKI's pulp and paper in dustry directory as wel! as some other sourees to 

compile a master list of all pulp and paper mills (as opposed to firms) ever to have been 

1 Interview M. Mansur, Chainnan APKI, 2001. 
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active in Indonesia, including year of start-up and, ifrelevant, year of shut-down.2 I excluded 
Chinese praying paper (joss) producers because this grade of paper is very specialist and thus 
not comparable with other paper segments. In any case, the share of joss paper in total 
production is very small. Next, I added information on capacity, production, ownership and 
process technology, taking into account changes over time, such as takeovers and capacity 
expansion. Finally, I linked in the economie data from the SI (updated with the backcast). 
This was not straightforward as the narnes of the establishments are not given in the SI. 
Nonetheless, I was able totrace the identity ofthe pulpand paper mills by oomparing address 
data in the APKI directory with information on the location of the establishment. The SI 
provides codes for the province, municipality (kabupaten) and sub-district (kecamatan) of 
each establishment, which are also part of a standard Indonesian address. In addition, various 
issues of Direktory Industri Pengolahan (Manufacturing Industry Directory), publisbed by 
BPS, were used to cross check the narnes of the establishment. The industry directory is 
based on SI information and presents name, address and number of employees by 
establishment, organised by five-digit ISIC code. It also provided a solution when two or 
more pulp and paper plants were located in the same municipality and sub-district. 
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Figure 4.1: Number ofPiants by Souree 
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Note: Real: the actual number of pulp and paper mills in operation between 1975 and 1997; SI (matched): 
the number of real pulp and paper mills matebed in the SI; Backcast (matched): the number of real pulp 
and paper mills matebed in the backcast; LMD: the number of real pulp and paper mills matebed in the SI 
and backcast for which missing data was reconstructed; IS IC 3411: the number of establishments in the SI 
with ISIC classification 34111-34119. 

Source: See texl 

2 A mill, establishment, plant or factory, which are single physicallocation at which business is conducted and 
which may encompass multiple establishments. 
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Unfortunately notall pulp and paper mills in the master list could be matebed with the SI and 

backcast data. This is illustrated by Figure 4.1 as the gap between the 'real' and 'LMD' line. 

All together 11 relatively very small pulp and paper mills could not be matebed with neither 

the SI nor the backcast data, most of which commenced production in the 1990s. On average 
the pulp and paper LMD covers 99 percent of total installed pulp and paper capacity. Given 

the high coverage, the LMD can be considered representative for the total Indonesian pulp 

and paper in dustry. Another problem I came across when construction the pulp and paper 

LMD were various inconsistencies between information ftom APKI sourees on the one hand 
and the SI and backcast data on the other hand, mainly related to industrial classification and 

problems with the backcast. The next section present an overview of these issues foliowed by 

a detailed description ofthe construction and definition ofthe main variables in the LMD. 

4.2.1 Problems and lnconsistencies 

The manufacturing census provides valuable information on one of the most important 

sectors in the economy. lt is therefore essential that this data is reliable and accurate, both 
with respect to policy-making and economie research. Comparing data ftom APKI on the 

complete population of pulp and paper mills in lndonesia with the SI, provided a unique 

opportunity to check the consistency and coverage of the latter. I discovered three serious 

flaws, which are described next. I hope that this information can be of use for statisticians 
working at BPS to improve the quality of the SI as well as for policy makers and researchers, 

who are working with the data. 

Classiflcation 
A first problem I noticed in the SI was problems with the industrial classification. The SI and 

backcast data are organised according to ISIC. From 1975 to 1990, the 3-digit category, 341 
production of pulp and paper, was composed of four five-digit categories: 

•!• 34111 - manufacture of paper 

•!• 34112- manufacture of paper board, fibre board and hard board 

•:• 34120 manufacture of containers and boxes made of paper and paper board 

•:• 34190 manufacture of pulp, other articles made of paper board not elsewhere classified 

In 1990 the classification was adjusted to take into account the changing structure of the 

industry:3 

•!• 34111 - manufacture of pulp 

•:• 34112 - manufacture of cultural papers 

•:• 34113 manufacture ofindustrial papers 

•> 34114 - manufacture of tissue paper 

+ 34119 - manufacture of paper not elsewhere classified 

3 In 1998 the classification was changed again. This is not addressed here. 
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•!• 34120- manufacture ofboxes made of paper and cardboard 

•!• 34190- manufacture ofproducts of paper and cardboard not elsewhere classified 

If it is assumed that the SI covers all pulp and paper plants in Indonesia, the establishments 
under ISIC 3141, which contains only 'pure' pulp and paper plants, excluding converting 
activities described by ISIC 34120 and 34190, should be equal to number of real pulpand 
paper plants. Figure 4.1 indicates that this is far from the case and the latter is on average 
more than twice the number ofthe former throughout the period. The difference is especially 
large after 1990, when the industrial classification was modified. What causes these 
discrepancies? Further investigation reveals that the share ofvalue added (94-98 percent) and 
Iabour (66-85 percent) ofthe LMD plantsin ISIC 3411 are much higher than the sameshare 
in terms of number of plants (16-74 percent). This implies that the largest firms could he 
matched, while most 'left over' plants are relatively small. Given that pulp and paper 
manufacturing is a very scale and capital intensive process, it seems like that most of the 
unidentified firms in ISIC 3411 are in reality manufacturers of boxes or other articles of 
paper, belonging to ISIC 34120 and 34190. 

Looking at the five-digit codes for plants in the LMD also points at flaws in 
establishment classification. Many mills change classification over their lifetime, jumping 
from one ISIC 3411 category to the other and back. Part ofthis result can he explained by the 
fact that pulp and paper mills often produce multiple types of paper, which fall in different 
ISIC categories, such as cultural papers (ISIC 34112) industrial (ISIC 34113) and tissue (ISIC 
34114) papers. Depending of the relative production, paper mills may change category 
through time. Nonetheless, additional information on production by paper grade points out 
that the classification is much more volatile than what would he expected. Overall, it seems 
that at least with respect to pulp and paper manufacturing the industrial classification of the 
SI is severely biased. One consequence of this finding is that four and five-digit aggregates, 
which are publisbed annually by BPS in the hard copy version of the SI, should not be used 
for industrial analysis without additional investigations. 

Backcast 

As mentioned above, there is serious undercoverage in the SI due to severe problems with the 
survey methodology. Before 1990 only establishments, which ceased operation, were 
replaced with the consequence the total number of plants in the SI remained more or less 
constant (Jammal, 1993). Realising that the majority of establishments had already 
commenced production before entry in the SI, BPS started correct the undercoverage. The 
involved three stages: First, the raw SI data was thoroughly cleaned and some obvious 
mistakes were corrected. Second, in 1988 and 1990 two extra surveys were conducted to 
obtain the true year of start-up and corresponding missing bistorical employment data. 
Finally, data which was still missing such as value added, raw materials and toa lesser extent 
employment data, was backcast. Presently, backcasting is still conducted but ditierences with 
regular SI data are only minor (Takii and Ramstetter, 2000). 
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In order to construct the pulp and paper LMD, I meticulously compared the 
information of establishment data of the SI and backcast with information on start up from 
APKI and found some alarming inconsistencies. The most probiernatie are data on the start
up year in the SI. A comparison over time revealed that plants are not consistent in stating the 
initia! year of production. In most cases, the varlation was only one or two years but for some 
plants ditierences were up to 70 years! Possible reasoos are ditierences in the interpretation 
of start-up (e.g. year licence was obtained or start of trial production), data entry error or 
estimation error (Jammal, 1993). 

The inconsistencies in the year of start-up year have caused severe mistakes in the 
backcast data. Backcasting is typically based on the start-up year given in the first year an 
establishment enters the SI. If this year is incorrect, it can happen that data is estimated for 
periods before plants oommeneed production. For example, I found that the start-up year fora 
plant was wrongly entered as 1973 instead of 1993 as a result of which data for the period 
1973-1993 was estimated. That such errors are not incidental in the backcast dataset is 
confirmed by the fact that this problem was discovered for 8 out of 58 plantsin the LMD. 
The mistakes were generally made for establishments not included in the extra surveys and 
for which backcasting is completely based on SI data. The opposite was also encountered. 
According to information from APKI, several plants already started operation before they 
entered the SI but data was not backcast. In such cases, I have used additional information to 
estimate the missing data myself, described in the next section. 

The gap between SI (matched) and backcast (matched) on the one hand and LMD in 
Figure 4.1 gives an indication ofthe inconsistencies with the backcastand SI related to start
up year. Finally, forsome mills data was backcast although SI data was available. In this 
event, I use the original census data instead of the estimates in the backcast. 

4.2.2 Main Variables 

In this section I briefly describe the construction of all main variables in the LMD. Table 4.1 
presents an overview of their definition, coverage and source. The pulp and paper LMD 
consists of an unbalanced panel of 708 plants for which there is complete information for the 
period 1975 to 1997. The database with paper machine information is more extensive and 
covers the period 1923-2000. Due to the problems of missing data associated with the survey 
problems before 1990, I was not able to construct consistent series on raw matenals and 
energy. 

Output and V alue Added 
In order to construct of consistent output and value added series, I started to merge the SI and 
backcast data. Next, I expressed the data in constant terms by using an index based on price 
series for wood free paper (60 gram), the most common type of printing and writing paper. 
Another option would have been to use the industry specific deflators constructed by BPS, 
publisbed in lndilcator Ekonomi. However, as there is no series for the pulp and paper 
industry, other researchers have used the index for the wood processing sector as an 
alternative (Szirmai, 1994; Timmer, 2000). I also experimented with this index but found that 
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it did not sufficiently capture volatile price changes that characterise the pulp and paper 

industty (Chapter 3) and, in turn, created serious bias in the output and value added series. In 

this respect, as Figure 4.2 shows, the wood free paper series is much more appropriate. 
Finally, I used trends in production of tonnes of paper to estimate missing values for output 

and value added per mill. The results for 1985 should be interpreted with care because for 

this period relatively many data had to be extrapolated (Figure 4.1). 

Table 4.1: Main variables in the LMD 

Variabie Definition Coverage Souree 
Output Output (1995 rupiah) 1975-1997 Statistik Industri + APKI 
Value added Value added (1995 rupiah) 1975-1997 Statistik Industri + APKI 
Capital Stock Capacity ( tonnes per year) 1923-2000 APKI+other 
Labour Persons engaged 1975-1997 Statistik Industri 
Wage Total wage remuneration (1995 rupiah) 1975-1997 Statistik ludustri 
Education Seven categones 1995-1997 Statistik Iudustri 
Foreign employees Number offoreign workers 1991-2000 APKI 
Export Export behaviour (yes or no) 1989-2000 APKl 
Ownership Conglomerate/pnbliclindependent 1923-2000 APKI 
Outputmix Five categories 1923-2000 APKI 
Typeofmill Pulp, paper or integrated 1923-2000 APKI 
A ge Age of establishment (years) 1923-2000 APKI 
Paper Machines V arious, see text 1923-2000 Various 

Source: Pulpand paper LMD. 

Figore 4.2: Paper and Pulp Output Price Indices 
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Source: Wood processing industry index from Szirmai (1994), updated to 2000 using Biro Pusat Statistik, 
/ndikator Ekonomi, various issues; Wood free paper index based on data from APKI (1985) and 
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Capita! 
It is well known that the estimation of capital stock is fraught with difficulties, both at the 
macro and micro level. In empirical work on plant-level productivity three measures of 
capital stock can be distinguished. The first one is by using the hook value of capital stock, 
for example as clone by Aw et al. (1997). Problems with this measure are that the book value 
of capital stock is based on standard accounting rules and does not necessarily reflect the real 
value of capita) stock. Further, as Aw et al. point out, it is difficult to control for price level 
changes of new capita! goods, which tend to change the book value over time as firms in vest 
in new equipment. 

A second way of constructing capital stocks is the perpetual inventory method (PIM), 
originally applied by Goldsmith (1951). This methodology is standard practice in aggregate 
studies on totalfactor productivity. PIM assumes that the capital stock in a certain period is 
the accumulation of foregone in vestment minus depreciation, which can be expressed as: 

(4.1) 

whereK11 is net capital stock at the end ofyear t for plant i, ö is the depreciation rate,l11 is 

gross investment in year t, andK;H is previous year's capita) stock.4 

Finally, a number of studies have used engineering in formation about machine-type 
capabilities and prevalenee of particular types of machinery to construct an index of capital 
stock. This methodology has been termed the 'core machinery' approach by Szirmai et al. 

(2002), who study embodied teehoical change in the Indonesian textile industry. The 
machine-park of an industrial sector consists of a wide variety of types of machines, 
including core machines, which are central to the production process and account for the bulk 
of investrnent, but also transport vehicles and ancillary machinery such as packing, sorting 
and material handling machinery. The core machinery approach focuses solely on the core 
machines that are characteristic for a eertaio production process and determines the 
technology in use. Examples of such machines are I ooms in the weaving industry, fumaces in 
the basic metal industry and kilns in the cement industry. Another example of the core 
machinery approach is Cotfas et al. (2000), whotake the capacity of cement kilns in Romania 
as an indicator for plant-level capita) stock. Here I follow their approach and use the capacity 
of digesters and paper machines, the core machinery in the pulpand paper industry (Chapter 

3), as the preferred measure of capita) stock. 
This approach was favoured above the two more conventional approaches because of 

data problems.5 Book value of capital is only available since 1988 and due to the 
undercoverage of the SI investrnent figures required for the PIM are missing for a substantial 

4 See Triplett (1998) for and overview of various concepts and definitions with respect to capita! stock 

estimation. 
5 Following a similar approach as Goeltom (1997) and Tybout (1996), I combined the PIM with information on 
book value data to construct an alternative capita! stock series. Although the estimates were similar to the 

capacity·based capita! stock series, it was oot decided to use them because of problems with international 

comparability. 
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number of establishments between 1975 and 1990. A second reason for not applying the PIM 
was the lack of international comparable information for asset lives and retirement patterns 
for Indonesia and Finland. To overcome this problem it is common to assume standardised 
valnes for these parameters across countries (Timmer, 2000; Hofinan, 2000). However, such 
assumptions are not always plausible, especially with reference to developing countries, 
where the lifetime of machinery is often stretched far in excess of what is observed for 
similar equipment in industrialised countries. I also have detected this phenomenon in the 
Indonesian pulp and paper industry, where not a single PM is scrapped in Indones ia between 
1923 and 2000 (Chapter 7) and some machines are already in operation for more than 80 
years. In contrast, the lifetime of new PMs in Finland is between 18 and 30 years on average 
(Lehtoranta, 1994). 

The plant level capital stock is defined as the total (maximum) production capacity of 
all paper machines. In case ofan integrated mill, total {maximum) digester (or pulp) capacity 
is added. The main advantage of this approach is that capacity is expressed in tonnes per year 
instead of monetary valnes and can therefore easily be compared across countries. Moreover, 
the core machinery approach circumvents all the problems associated with the PIM, such as 
assumptions on depreciation patterns and lifetime of machinery and the need for appropriate 
investrnent deflators (Gordon, 1990). Even so, it should be mentioned that the core machinery 
approach has some drawbacks vis-à-vis the more conventional methodologies, which should 
betaken into account (Szirmai et al., 2002).6 The first is related with the relationship between 
teehoical change in core machinery and ancillary machinery. There is sketchy evidence {Lalt, 
1987, p. 208; Hobday, 1995, p. 156) that firms indeveloping countries substitute capita! for 
Iabour in peripheral manufacturing activities while in core production technologies the 
capital-Iabour ratio is much more in line with developed country practices. The core 
machinery does not take into account this substitution effect and therefore the capita} stock of 
Finnish pulp and paper mills may be underestimated relative that of Indonesian plants. A 
second potential difficulty with capacity data is that it is not clear to what extent they 
incorporate incremental changes in productive capacity due to wear and tear or repair and 
maintenance. A close inspeetion of the data suggests that these effects are taken into account 
as for · some plants I observe changes in paper machine capacity while the number of 
machines remains constant Most of the capacity data has been obtained from unpublished 
APKI figures. In addition, for older years capacity of individual PMs was aggregated to 
derive total mill figures. 

Labour 
Labour is defined as the number of total persons engaged, including self-employed and 
family workers. Similar to the series on output and value added, Iabour input is mainly taken 
from SI and backcast data. In the few cases where employment data was available, I used 
trends in output to estimate missing data. For one large company additional information was 

6 Szirmai et al. (2002) present a comparison between PIM and core machinery based capita! stock estimates. 
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taken from annual reports. A probably better measure for Iabour input is hours worked but 

this information is not available in the manufacturing census. 

Wage 

Wage is computed as the total wage remuneration in cashand kind deflated by the wholesale 

consumer price index from the World Development Indicators, publisbed by the World Bank. 

Export 
Data on export behaviour is taken from the APKI, lndonesian Pulp & Paper lndustry 

Directory. The directory only provides information on whether pulp and paper plants are 

engaged in exporting or not. For some years the SI also contains figures on the share oftotal 

output exported but these were found to be unrealistic. A comparison between unpublished 
data from the Ministry oflndustry and Tradeon exportsper mill only available for 1997 and 

the SI figures pointed out that the latter severely underestimated the true export volume for 

some establishments. 

Education 

In the industrial census for 1995-1997 there is a question on the number of employees 

categorised by seven educationallevels: not finished primary school, primary school (sekolah 

dasar), junior high school (SLTP), senior high school (SLTA), college (sarjana muda!D3), 
bachelor (SI), master (S2) and PhD (S3). 

Foreign Employees 

The Indonesian Pulp & Paper Industry Directory provides information on the number of 

foreign employees per mill for every second year from 1991 to 2001. Data for missing years 

bas been linearly interpolated. 

Ownership Structure 

On the basis of information from APKI, Ausnewz (1999) and Jaako Pöyry {print-out), I was 
able to distinguish between three types of ownership: public, conglomerate and independent 

(i.e. not affiliated with a business group or the government). There are no foreign firms active 

in the pulp and paper industry. Albeit some firms are marked as foreign in the SI, in reality all 

of them are owned by Indonesian business groups. For example, the largest pulp and paper 
company in Indonesia, Asia Pulp and Paper (APP), bas its headquarters in Singapore and thus 

some of its plants carry a foreign status. However, APP is actually owned by the Sinar Mas 

Group, one of the largest lndonesian conglomerates. 

OutputMix 
For each pulp and paper mill, with varying degrees of detail over time, I have information on 

capacity installed by type of paper (see Appendix B for this type of data in 1999). These 

figures were used to classif:Y all mills in one of the following categories: printing and writing, 

board, tissue, newsprint or specialty. Ifplants have installed different types of PMs and thus 
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produce multiple paper grades at the same time, the classification is based on the type of 

paper with the largest installed capacity. For example, a mill i is classified as 'board mill' for 

year t, if in that year the total board capacity was larger than the production capacity for any 

other grade of paper. 

TypeofMill 
I distinguish between pulp, paper and integrated mills. In the latter case pulp and 

papermak:ing are combined at one location. 

A ge 

The age of each pulp and paper mills is computed using the year of start up in the Indonesian 

Pulp & Paper Industry Directory. As mentioned above simHar information in the SI and the 

backcast is not reliable. 

Paper Machine Data 

For almost all PMs in lndonesian I have information: owner characteristics; year of start-up; 

brand or country of origin; type of paper produced (printing and writing paper, cartonboard, 

containerboard, newsprint, specialty paper or tissue); design speed, width and capacity. 

Generally data are only available for two to four datapoints per PM. We assume that width 

and class (i.e. the type of paper produced on the machine) remain constant during the lifetime 

ofthe PM. To interpolate data on speed for the lifetime ofthe machine, a combination offour 

strategies has been used: (1) or most PMs, intermediate years could be easily estimated 

because there was no retrofitting and capacity and speed remain constant over time; (2) If 

there is only one PM at the mill site or capacity of all other PMs is known, trends in 

aggregate mill capacity are used to extrapolate individual PM data; (3) For a few PMs 

detailed information was available on the year and extent of retrofitting; and ( 4) If all other 

strategies could not be applied, compound growth rates are used to estimate the intervening 

years between the data points. In total, the dataset includes the records of 158 PMs. 
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Ristorical Overview 

This chapter presents an bistorical overview of Indonesia's pulp and paper industry since the 
start-up of the first 'modem' paper mill in 1923.1 lt chronologically describes the 

development of the sector and relates it to the general pace of industrial progress in 

Indonesia. The chapter is meant as a general framework for the rest of the study. As such, it 

will highlight issues, which will be analysed more closely in the following chapters. The 
development of the sector can be divided into five industrial policy regimes, which closely 

mirror the development ofthe manufacturing sector as a whole.2 

5.1 Colonial Industrialisation: 1923-1958 

As part of a programme by the colonial government to promote industrialisation in Indonesia, 
the first milt, N.V. Papier Fabriek Padalarang, was established by the Dutch paper producer, 

N.V. Gelderland, in 1923. In 1939, the same company established a second mill in Letjes, 

East Java with a capacity of 3,000 tonnes per year (tpy). Both mills were built to produce 

printing and writing paper from rice straw to provide for the needs of the Dutch colonial 
government. The combined capacity of the two companies amounted to about 6,500 tpy, 

produced by three paper machines (in 1933 Padalarang was expanded with a second 

machine). Although fairly small, the machinery can be considered ofreasonable quality as it 
was supplied by the Swiss/German company Escher Wyss, one of the teading equipment 

manufacturers at the time. In line with total manufacturing, the development of the industry 

came toa standstill during the war years and the post-independence-period {Hili, 1996b). 

1 In the remainder of the book I will only deal with mechanised pulp and papermaking. During the literature 
review and the field research, I have not encountered any evidence of the importallee or the existence of 
traditional hand paper making in lndonesia 
2 See Hili (1996b) and Fane (1999) for an hlstorical overview ofthe development ofthe lndonesian economy 
and the manufacturing sector. 

69 



70 Chapter5 

5.2 State-Led lndustrialisation: 1958-1974 
After independenee the lndonesian government adopted a policy of state-led industrialisation 

to build up astrong national industry. This also applied to the pulpand paper industry and in 

1958, like many other former Dutch owned companies, the two paper mills were nationalised 

and renamed, PN Kertas Padalarang and PN Kertas Letjes, respectively. Their rnain function 

was to meet the demand for writing hooks and paper from the Ministry of Culture and 

Education. Between the late 1950s and early 1970s, the local supply of paper was expanded 

through the construction of five more pubtic rnills for which most of the equipment and 
finance was supplied under a Japanese post-war aid prograrnme. 

Table 5.1: State-Owoed Paper mills, 1970 

Mill Location Start up Capactty Technica/ and economical problems 
(tpy) 

Padalsrang Java 1923 3,000 Very old equipment. Main raw material is rice 
straw. Supply bottlenecks hinder future 
production. 

Leges Java 1939 9,000 Future shortages in main raw material, rice 
straw, in case mill will be expanded. 

Siantar Sumatra 1959 4,500 Only wood pulp mil!, but problems with 
continuous supply ofraw material waste 
paper. Lack of spareparts and insuftkient 
working capita!. 

Martapura Kalimantan 1959 3,000 Raw material input is not feasible for the 
given cost structure of this mill. 

Blabak Java 1961 7,000 Power supply problems and technica! 
problems within production process 

Gowa Sulawesi 1967 9,000 Lack of spareparts and shortage of funds. 
Technica! problems of production process. 

Basuki Racl1n1at Java 1971 9,000 Lack of spareparts causes shutdowns, very 
higb cost for imported chemieals 

Source: National Progress report, cited in Koebler (1972), capacity trom World Bank (1981) and APKI, unpublished data 

Table 5.1 presents a brief overview ofthe seven plantsin 1970. Four ofthern are located in 

Java, the main dornestic market The first post-war mill was built in Siantar, North Sumatra 

with a capacity of 4,500 tpy of newsprint in 1959. Despite several teehoical improvements 

production never reached desired levels. Around 1980 the mill was dismantled again and the 

equipment was moved to the other state-owoed enterprises. Construction of the second mill, 

Martapura in South Kalimantan, also began in 1959. The mill was designed to produce 
printing and writing paper from bleached kraft woodpulp, but appeared to be economically 

notviabie because ofthe large distance to the raw material supply. Actual trial production did 
notbegin until the early 1970s on the basis ofimported pulp. Shortly after, the mill was sold 

to a private company and renamed, PT Golden Martapura. Finally, between 1980 and 1989 
the company went out of production. Three other mills, PN Kertas Blabak, Perurn Kertas 

Gowa and PN Kertas Basuki Rachmat were constructed in the 1960s and early 1970s. They 
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were producing printing and writing paper mainly using rice straw and bamboo as the raw 
materiaL The installed capacity of the se ven state-owned plants amounted to a total of about 
44,500 tpy in 1970 but because of various problems, such as limited local markets, lack of 
spareparts and shortages ofraw material, actual production was only 18,000 tons reflecting a 
utilization rate of about 41 percent. Overall, the Indonesian pulp and paper industry in the 

early 1970s was uncompetitive. By international standards all firms were smal! and potential 
for export was limited. 

5.3 Import Substituting lndustrialisation (ISI): 1974-1984 

The Indonesian government aimed to stimulate growth through import substituting 
industrialisation (ISI) during the late 1970s and early 1980s (Fane, 1999). In this policy 
context the pulp and paper industry went through a phase of rapid development between 
1974 and 1984. The number of firms increased from 7 to 31 and installed paper capacity 
expanded tenfold from 61,873 to 606,000 tpy (Figure 5.2). In contrast to the period before 
1974, when state-owned plants dominated paper production, expansion was completely 
driven by private companies. The main explanation for the rapid expansion of the industry 
was high import tariffs to foster dornestic pulp and paper manufacturing. Nomina! tariff rates 
on paper grades were as high as 60 percent, while the tariffs on pulp imports were set to zero 
(Table 5.2). The World Bank (1981) estimated that the effective rate of proteetion was 90 
percent on average, ranging from very high numbers for smaller mills, to 60 percent for the 
larger ones. Subsidised energy prices also contributed to high effective proteetion rates 
(FAO, 1984). 

A second factor that boosted the expansion ofthe pulpand paper industry was rapidly 
increasing demand associated with the overall growth ofthe Indonesian economy. In 1975, 
Indonesian producers supplied only 18% of total consumption, indicating there was a wide 
scope for capacity expansion. Rise in the demand for household products and packaging 
material also led to diversification of the industry and, accordingly, the start-up of the first 
board and tissue paper producers. Accordingly, the majority of new mills were constructed 
close to final consumers in the urban regions on Java, mainly Jakarta and Surabaya. 

In spite of fast growth, the protectionist import substituting policy resulted in a highly 
inefficient production structure. A World Bank study concluded that: 

"[ ... ] the type of development wbich has taken place is largely based on imported pulp rather 
than indigenous fibres, is comprised of small mills which are not internationally competitive, 
is primarily in Java, and has concentraled on the production of only a few grades leaving 
many essential grades, wbich could be produced economical1y in Indonesia, to be imported" 
(World Bank, 1981, p. i). 

Only two mills were integrated, three mills achieved international standards of production 
and about 50 percent ofthe plants, were only profitable because oftariffprotection (Jaakko 
Pöyry, 1984). Overall productivity was low because of technica) and marketing problems, 
lack of working capita!, fibre losses, too much water consumption and high-energy 
consumption (Laurila, 1989). 
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Table 5.2: TariffProtection for Pulpand Paper, 1975-2000 

Product 1975' 1980 1985 1990 1995 2000 
Pulp 0 0 5 5 0 0 
WastePaper 60 40 0 0 0 
Newspaper 20 5 5 5 5 
Printing and wrlting paper } 60 60 30 30 0 0 
Board paper" 60 30 30 15 5 
Tissue paper 60 30 30 15 5 

Note: • There is no delailed dam on tariff proteetion available before 1980 but World Baok 
(1981) indicates that in 1975 the average tariff on paper grades was 60 percent and import of 
pulp was duty free. b Includes wrapping paper. 

Source: Ministry oflndustry and Trade, unpublished data; TarifBea Masuk, various issues. 

5.4 Export Oriented Industrialisation (EOI): 1984-1997 

Around 1984, the Indonesian govemment adopted a more liberal perspective on 

industrialisation (Hili, 1996b ). As in other manufacturlng sectors, tarlffs on pulp and paper 

were phased out to increase international competition (Table 5.2).3 However, unlike most 

other industries, govemment intervention did not stop there. For varlous reasons, the 

Indonesian govemment started to vigorously promote the establishment of a large-scale 

dornestic pulp and paper-manufacturing sector. First, in the eyes of the Ministry of Industry 

and Trade, a world-class pulp and paper industry was seen as a major opportunity to replace 

. the shrinking oil industry as a souree of foreign exchange and employment (Stafford, 2000). 

At the end of the 1980s, the Ministry announced its plan to rank Indones ia among the top ten 

pulp and paper producers in the world by the year 2000. To achieve this goal, 56 pulp and 

paper mills were to be constructed or expanded and 10 percent oflndonesia's land mass was 

to be converted into plantations (W ALHII YLBHI, 1992). 

A second reason for targeting the pulp and paper industry was the continuing 

importance of views about resource-based industrlalisation that had been prominent in 

Indonesia since the start ofthe New Order (Auty, 1987). These views were largely focused 

on the county's abundant tropical forest resources, and the expansion of a pulp and paper 

industry was seen as the logica! next step in the downstream integration of wood based 

manufacturing. In addition, a large pulp and paper-manufacturing sector was seen as 

providing a partial solution to the massive deforestation problem caused by land conversion, 

Jogging, and forest fires (WALHI/ YLBHI, 1992). It was argued that pulpand paper mills 

could still profitably use the 'left overs' (e.g. trees too small for logging) of depleted natural 

forests as a souree of raw material. 

Barr (200lb) distinguishes four types of industrlal policy, which were implicitly or 

explicitly used to stimulate the development ofthe pulpand paper industry: 

3 In 1995 and 1996, two subsequent deregulation packages were implemented, which reduced import tariffs on 
most paper grades with more than half (Mulyadi and Roesad, 1996). 
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•!• Cheap forest resources One of the key elements in the policies to promote a large 
national pulp and paper industry has been the provision of low-cost concessions to use 

large tracts of mixed tropical hardwood (MTH) (as opposed to depleted forest) for the 

establishment of pulpwood plantations (Hutan Tanaman Industri, or HTI). Hfl licence

holders are allowed to clear-cut their concession areas and use the obtained wood as a 
temporary 'bridging supply' tilt the plantations are fully online (Manurung and 

Kusumaningtyas, 1999). One consequence was that company's raw material costs were at 

times only 20-30 percent ofthose faced by American and European producers (2001a).4 

•!• Planlation subsidies - To establish pulpwood plantations, companies were allocated over 

US$ 417 million in discounted finance and equity capita! from the Reforestation Fund 
(Dana Reboisasi or DR) between 1993 and 1998. It is evident that in many cases 

recipients of the DR have manipulated the terms of the subsidy (e.g. by overstating the 

planted areas) in order to proceed with very low commitment of their own financial 

resources. 

•:• Soft loans from state-owned banks and off-budget capita/ allocations - Under Subarto's 

new order regime, companies with ties to government elites were able to secure large 
loans and grants provided through off-budget channels. Similar conditions allowed firms 

to obtain subsidised loans from state-owned banks, regardless whether the investment 
being funded was likely to be profitable. 

•!• Tax deductions Pulp and paper companies have benefited from tax concessions and 

accounting procedures to accelerate depreciation of assets. According to Barr, this 

encouraged some producers "to engage in a process of perpetual expansion, as this allows 
them to continually defer paying to 30 percent of their corporate profits in taxes" (Barr, 

200lb, p. 182). 

On top of the these direct subsidies, the weak regulation of Indonesia's financial system 

provided additional possibilities to reduce the high capital costs associated with the 

construction of large scale pulpand paper mills.5 Prior to the financial crisis in 1997/1998, 

most of the major cong]omerates owned their own banks, which they used as a vehicle to 
obtain large amounts of finance often involving both non-commercial terms and violation 
of the government's regulations for related-party lending. In addition, the large pulp and 

paper manufacturers frequently and deliberately inflated the costs of their investment 

projects, so called 'marking-up', to secure much more funding then actually required: 

"By obtaining funds from banks and investors at the marked-up level, the owners of an 
expanding pulp and paper company are able to reduce the amount of capital that they, 

4 A receot consultancy reported estimated that it costs US$ 17 to harvest 1 m3 of MTI-1 and US$ 26 for 
plantalion pulpwood in Indonesia In contrast, the costs fur harvesting 1 m3 of plantalion pulpwood in 
Scandinavia are between US$ 41 and 46 (PT Binakarya Dayakusuma, 2000). 
s The Indonesian economie crisis in 1997/1998 uulocked many ofthe problems in the financlal sector. Fora 
review see Enoch et al. (2003). 
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lhemselves, commit to the project. In cases where the mark-up is particularly high, companies 
are sometimes able to avoid committing any of their own funds and, instead, to emerge from 
the investment process with financing to spare. Such excess funds are frequently injected into 
the new mills in the form of working capital to generate what is known in the industry as 
"profit before operating" (Barr, 2001b, p. 182). 

A final souree of low-cost capital funding was provided through the international financial 

system. Some of the conglomerate-owned pulp and paper companies managed to raise large 

amounts of finance by means of offshore loans, equity share offerings on international stock 

exchanges and the issuing of international bonds (also see Table 5.4 below). Access to 

international finance appeared to be relative easy due to (a) general weaknesses in due 

diligence practices - carefut analysis of raw material supply was often not part of the 

financial risk analysis of the companies - used by international investment banks and other 

financial institutions, and; (b) loan guarantees by export credit agencies in industrialised 

countries. 

As a consequence of the industrial policy and other stimulating measures mentioned 

above, the pulp and paper sector started to grow rapidly, marked by the start-up of 

Indonesia's first non-integrated chemical wood pulp mill by Indah Kiat in 1984.6 The mill, 

with a capacity of 100,000 tpy was set up with the aim of supplying the paper mill in the 

Indah Kiat group, which still depended on expensive pulp imports. In 1989, the first large 

non-integrated pulp mill, PT Inti Indorayon Utarna, fully aimed at producing market pulp, 

started production with a capacity of 180,000 tpy (Laurila, 1989; Harianto et al., 1998). 

In the 1990s, growth accelerated explosively, elevating Indones ia to one of the 

wortd's teading pulp and paper producers and exporters (chapter 3). Pulp capacity was 

boosted by the expansion of existing plants and the construction of new mills. Most new 

facilities were constructed close to the wood-rich areas of Sumatra, allocated for conversion 

into HTI plantations. In contrast to previously installed processing facilities, the plants 

purchased large state-of-the-art production technology to take full advantage of scale 

economies and guarantee profitability during downward cycles. With a capacity of 750,000 

tpy, the pulp mill of Riau Andalan Pulp and Paper (RAPP} was even the single largest pulp 

line in the world at the time of installation (Stafford, 2000}. As a result of these investments, 

the production of pulp increased more than seventeenfold between 1984 and 1997- from 178 

to 3,058 thousand tpy (Figure 5.1}. 

The expansion of pulp capacity was complemented by an equally impressive growth 

in paper production capacity (Figure 5.1). Between 1984 and 1997, production capacity of 

paper increased from 606,000 to 7,168,000 tpy, an average increase of 19 percent per year. 

Rapid development was achieved by the installation of large state-of-the-art paper machines 

some ofwhich were among the largestin the world (Rudd, 1999}. 

6 Before there existed already a few integrated pulp and mills. However, the main raw material used was 
bagasse or straw, which is not suited for large scale market production. All new mills are chemica! pulp mills. 
To date there are no meehallcal pulpplantsin Indonesia. 
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Figure 5.1: Capacity, Net Export, Production and Consumption of Pulp, 1960-2000 
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Figure 5.2: Capacity, Net Export, Production and Consumption of Paper, 1960-2000 
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Year 

1978 
1984 
1985 

1989 

1990 

1992 

1993 

1994 

1995 

Chapter5 

Table 5.3: Development of Asia Pulpand Paper (APP), 1978-1999 

Milestone 

Sinar Mas enters pulpand paper market by opening its Tjiwi Kimia mil!. 
Indah Kiat (Riau) opened first large-scale non-integrated pulp mîll. 

- Acquired 33% interest in Indah Kiat and gained majority stake of 67%. 
- Installation of paper (#6) and boa:rd machine (#7) at Tjiwi Kimîa with a total 

capacity of75,000 tpy. 
- lndah Kiat' s (Perawang) paper miJl, with an annual production capacity of 

approximately 54,000 tpy of printing and writing paper rommeneed operations. 
- Second pulp miJl (180,000 tpy) and a second paper machine (200,000 tpy) 

rommeneed operations at Indah Kiat (Pemwang). 
- Indah Kiat and Tjiwi Kimia raised rp 636.0 billion and rp 88.4 billion, 

respectively through IPO (initia! pubtic offer) at the Snrabaya and Jakarta. Stock 
Exchange to finance their expansion progmms. 
Tjiwi Kimia installed Paper machine #9 with a capacity of200,000 tpy 

- Acquired Pindo Deli, one of the largest producers of printing and writing paper 
and tissue paper in Indonesia 

- Indah Kiat rommeneed production of container board and corrugated shipping 
containers at Serang (about 300,000 tpy). 

- Acquired controlling interest in two companies, Zhengjiang Dadong and 
Zhengjiang GoldRiverin Bastem China (60,000 tpy). 

- Indah Kiat completed a US$ 175 million bond offering in the international capita! 
ma:rkets. 

- Increased the Group's annual pulp production capacity with the completion of 
two pulp mills (410,000 tpy each with a total investment of US$ 1,029,9 million), 
Indah Kiat (Perawang) pulp mill #8 and Lontar (Jambi) pulp mil!. 

- Indah Kiat and Tjiwi Kimia Raised US$ 500 million and US$ 200 million, 
respectively in the US and international bond marlcets. 

- Acquired a controlling interest in Ningbo, a boxboard mil! (39 ,000 tpy) located in 
easternChina 

- APP was incorporated in October 1994, as the holding company for the group. 
- APP raised approximately US$ 311 mîllion through an issue of American 

Depositary Receipts (ADRs) on the New York Stock Exchange. 
- APP Finance raised US$ 550 million in the US and international bond ma:rket. 

Pulp capacity Paper capaclty 
(000 tpy) (000 tpy) 

12 
100 21 
100 237 

100 420 

280 620 

280 1,108 

280 1,388 

1,100 1,498 

1,370 1,752 

1996 - Indah Kiatraised 37 billion Yen from the issuance ofunsecured honds due in the 1,640 2,400 
yea:r 2000 and US$ 220.2 million through a limited right offering of common 
sha:res and warrants. 

- APP Finance entered into a joint venture arrangement with STIDC ofMalaysia to 
have controlling interest in a new pulp mill in Borneo, Malaysia, with an annual 
capacity of750,000 tpy and 370,000 ba concessionaire forestry land. 

- APP raised approximately US$ 1.0 hiliion through APP Finance. 
- Indah Kiat (Serang) starled production on one of world' s largest board machines 

(369,000 tpy). 
1997 - Indah Kiat (Perawang) starled up pulp line 119 with acapacity of550,000 tpy. 2,190 3,408 

- Various mills in Indonesia, China and India add new paper machines. 
- Sina:r Mas India began first production on 110,00 tpy machine. 

1998 - Tjiwi Kimia and Indah Kiat (Perawang) brought online two ofthe world's largest 2,316 4,498 
paper machines (740,000 tpy). 

1999 - APP's Dagang (900,000 tpy) and Suzhou mîlls (250,000 tpy} in China 2,466 5,768 
oommeneed operations. 

- APP raises more than US$ 400 on the New York Stock Exchange through an 
issue of ADRs. 

Note: Capacity figures include operations in Indonesia, China, and India and incremental capacity expansion due to 
retrofitting and installation of additional, relatively smal!, paper machines not specifically mentioned in tbe lable. 

Saurce: Harianto et al. (1998), AUSNEWZ (1999) and Fallon (2003) for milestones; pulpand paper industry LMD for data 

on capacity. 
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The recent phase ofrapid expansion oflndonesia's pulpand paper industry bas been driven 
by a small number of firms, owned by large Indonesian business groups. In total six 
conglomerates have been active in the pulpand paper business: (1) Sinar Mas, one ofthe top 
three largest conglomerates in Indonesia and the longest active in the pulp and paper market, 
through its holding company Asia Pulp and Paper; (2) the Korindo Group, which owns 
Aspex, the largest newsprint mill in Indonesia; (3) Gudang Gararn the largest cigarette 
producer in tbe country; (4) Radja Garuda Mas, wbicb is active in the pulpand paper industry 
by means of its holding Asia Pacific Resources International (APRIL); (5) tbe Kalimanis 
Group led by Mohammed 'Bob' Hasan, wbicb owns Kiani Kertas, and; ( 6) Barito Pacific 
Group, which recently entered the industry in 1999 through its subsidiary PT Tanjung Enim 

Lestari. 
Of the business groups, in particular Sinar Mas/APP bas foliowed an aggressive 

strategy of dornestic and international expansion Table 5.3 chronologically lists the major 
events, whicb underlie the exponential growth of the company and pusbed it into the rank of 
world's top 15 producers (Chapter 3). Within lndonesia, APP is market leader in the 
production of pulp, printing and writing paper, boards and tissue paper. Besides, the 
conglomerate affiliated companies, there are also a few public mills and large number of 
independently operating finns. The largest of these are: Fajar Surya Wisesa and Pakerin for 
boards, Surabaya Agung and Kertas Leces for printing and writing paper and Indo Paper 
Prima Jaya for tissue. Chapter 6 presents an in-depth analysis of industrial dynamics and 
market structure of the lndonesian pulp and paper industry. Appendix B, Appendix C and 
Appendix D provide additional information on the capacity, location and ownership structure, 
respectively, by mill. 

5.5 Crisis and Emerging Reform: The Period since 1997 

After 1997, the Indonesian crisis, triggered by theEast Asian financial crisis had dramatic 
effects on the pulp and paper industry. Dornestic paper prices skyrocketed (Figure 5.3) and 
consumption per capita feil from 16.5 kg in 1997 to just 5.5 kg in 1998 (Mansur, 1999). The 
drop in dornestic demand forced companies to sell their surplus production on tbe 
international market. In fact, the crisis greatly improved the international competitiveness of 
lndonesian pulp and paper producers because raw materials, energy and Iabour, which 
account for more than 50 percent of total production costs (Chapter 3) are paid in dornestic 
currency, while exports are sold in dollars. Consequently, when the rupiah lostalmost 85 
percent of its value during the first six months of the crisis, production costs in dollars 
declined by 40 percent, from US$ 210 to US$ 125 per ton of pulp (Malassu, 1998). As a 
result, export volumes of pulp soared from 1,186 thousand tonnes in 1997 to 1,657 tonnes in 
1998 (Figure 5.1). Likewise, paper exports increased from 1,800 thousand tonnes in 1997 to 
2,834 tonnes in 1998 (Figure 5.2). This unexpected side effect of the crisis bas mainly 
benefited the large integrated pulp and paper producers, which are mainly producing for the 
export market. For small non-integrated paper mills, targeting regionat Indonesian markets, 
the crisis entailed largely negative effects. 
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Figure 5.3: Paper prices ofSelected Grades,1981-2000 
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In contrast to the short-run windfall profits generated by a favourable exchange rate, the 
financial crisis also disclosed some major structural probieros of the Indonesian pulp and 
paper industry, which suggest that many ofthe large pulpand paper mills carry a substantial 
degree of financial risk. 7 First, a few years after the crisis it became clear that the 
development of the Indonesian pulp and paper in dustry had been far from sustainable. In an 
influential study (Barr, 200la; Barr, 200lb), Christopher Barr ofthe Centre for International 
Forestry Research (CIFOR) found that explosive growth of the pulp and paper industry has 
notbeen accompanied by the supply ofplantation pulpwood and producers have continuously 
relied on tropical hardwood, obtained through clearing of natura! forest: 8 

Ofthe 100 million m3 of wood that pulp producers consumed between 1988 and 1999, less 

than 8 mülion m3 was soureed ftom plantations. The remainder came in the form of mixed 

tropical hardwoods (MTH) obtained through clearing ofnatural forest. Ifit is assumed that, on 

average, producers are able to obtain 110 m3 of pulpabie wood ftom each hectare they clear, 

then consumption ofMTII on this scale implies that Indonesia's pulp industry bas accounted 

for the toss of approximately 835,000 hectares of natural forest over the past 12 years. It is 

notabie that virtually all of this area was cleared to supply wood to four large mills; and that a 

7 Besides the financi.al and environmental issues presented below, other serious problems with regard to the 

Indonesian pulpand paper industry are human tights abuses (Human Rights Watch, 2003) and environmental 

pollution (Carr, 2001). 

& Also see the studies by Scotland et al. (1999), World Bank (2001), AUSNEWZ (1999), Matthew and Van 

Gelder (200 1) and PT Binakarya Dayakusuma (2000), who arrive at sintilar conclusions. 
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single mill- Indah Kiat Pulp & Paper owned by Sinar Mas/APP accounted for over one
third ofthe total area ofnatural forest lost (Barr, 200lb, p. 176). 

Moreover, detailed calculations suggest that apart ftom the large volumes of legal but 
unsustainably harvested wood, 40 percent of the consumed raw materials have been obtained 
ftom illegal sources. 

Following Barr's study, environmental organisations have started campaigning tostop 
the international financing of pulp and paper mills in Indonesia and ban Indonesian pulp and 
paper imports ftom the UK. The actions have been particularly directed against the two 
largest players in the Indonesian market, APP and APRIL, which are regarcled as the most 
environmentally darnaging producer (Matthew and Van Gelder, 2001; Matthew and Van 
Gelder, 2002; Friends of the Earth, 2003). The increasing international attention campelled 
the Indonesian government to revise previous policies, which have been largely responsible 
for the unsustainable development of the pulp and paper industry. Recognising that access to 
large tracts of rich forest area bas given pulp and paper companies no incentive to establish 
plantations for pulpwood, HTI concessions have been limited to a maximum of 200,000 ha, 
except for Irian Jaya (Sutopo, 2000). Furthermore, it is no Jonger allowed to construct new 
pulp mills unless associated HTI plantations are fully operational to supply the required raw 
materiaL The increasing dornestic and international pressure forced the large pulp and paper 
companies to speed up the growing of plantation pulpwood. Nonetheless, due to technica! 
problems, forest fires and social conflicts, this is likely to be a slow process and "it is 
projected that most of the country's pulp mills will face sizeable deficits of sustainable 
harvested fibre for at least the next seven years and possible well beyond" (Barr, 200lb, p. 
173). 

Apart from the unsustainable development of the industry, the crisis revealed the 
fragile financial conditions of the Indonesian pulp and paper producers. Tempted by 
disproportionate subsidies, a weak national financial system and irresponsible international 
investment banks, most large pulp and paper companies had borrowed excessively to fund 
their ambitious capacity expansions. As Table 5.4 shows, total offshore debt of the 
lndonesia's largest pulpand paper producers amounted toa total ofjust under US$ 13 hiliion 
in January 1999 of which, by far, the largest share is held by APP. In addition to the large 
offshore loans, the pulp and paper companies account for almost rp 5 trillion or US$ 728 
million in nonperforming dornestic loans that have transferred to the Indonesian Bank 
Restmcturing Agency (ffiRA).9 

The large, often dollar denominated, debts made the Indonesian pulp and paper 
companies very vulnerable to the effeels of the economie crisis, and in particular to the 
depreciation of the rupiah. Increasing interest payments drained the working capita! of many 
large producers, even pushing some of them into receivership. Financial pressure on the pulp 
and paper firms was reinforeed by the severely curtailed access to additional funding as many 

9 Using the January 2000 exchange rate ofrupiah/US$ 6700 for conversion. 
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of the dornestic banks had tumed insolvent and international financial institutions were 
rapidly pulling out oflndonesia because ofthe negative investment climate. 

Table 5.4: Corporate Debt of Pulp and Paper Producers (January 1999) 

Group Offihore debt /BRA debt 

APP 
APRIL 
Kiani Kertas 
PTTel 
Surabaya Agung 
Basuki Rachmat 

Kertes Leces 
Total 

(mil/. US$) (bil/. rupiah) 
9,075a 
2,010 

670 
911 
250 

na 
na 

12,916 

na 
484 

2,480 
na 
na 

1.634 
308 

4,906 

Note: na is not available; • includes US$ 2. 7 bîllion that APP borrowed 
to firnmee pulp and paper mill projects in Chlna 

Source: Barr (200la). 

As a result, many pulp and paper companies were forced to cancel their plans for future 
expansion. APP's Indah Kiat (Perawang) millordered two identical paper machines from 
Beloit but was not able raise the necessary funding on time. 10 While infrastructure was 
already in place, lack of working capital forced APRIL to postpone the installation of an 
additional 350,000 tpy printing and writing machine at its Riau site. Finally, PT Fajar Surya 
Wisesa and PT Basuki Rachmat bought and installed second-hand paper machines prior to 

the crisis but have delayed start up until further notice (lbnusantosa, 2002). Nonetheless, in 
spite oftheir substantial financial problems some ofthe larger pulpand paper companies still 
managed to find additional funding to expand capacity. Table 5.3 shows that APP installed 
some paper machines in the years after the crisis and APRIL managed to finish the 
construction of its delayed second pulp line, adding no less than 1.2 million tonnes of 
capacity in 2000 (also see Table 9.4). 

It is unclear how development of the Indonesian pulp and paper in dustry will proceed. 
It is expected that the (still hesitant) recovery of the Indonesian economy will positively 

influence growth of the pulp and paper industry. Following GDP growth, the demand for 
paper already reached pre-crisis levels, resulting in paper consumption per capita of 20.8 kg 
in 2000. According to Muhammad Mansur, Chairman of the Indonesian Pulp and Paper 
Association (APKI) the industry is currently in a 'wait and see' position (Mansur, 2000). To 
date there have not yet been any significant company takeovers or closures. Nevertheless, for 

the large pulpand paper firms, and in particwar for APP, the future doesnotlook too bright. 
Given the gigantic financial problems in 2003, the debt of APP amounted to a staggering 

10 According to industry sourees tlte delivery of only one machine was completely cancelled. Allegedly, partsof 
tlte otlter were shipped and are still stored in containers at tlte miJl site. 
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US$ 14 hiliion dollar. the largest defaulting obligor in theemerging markets (Fallon. 2003)

debt restructuring seems to be a long and cumhersome process. 



Chapter6 

The Making of a Dual Market Structure 

Due to its seemingly wide applicability, the industry life cycle model (1LC) has become the 

dominant model to describe long run development of an industry from birth to maturity 

(Malerba and Orsenigo, 1996b). However, as pointed out in Chapter 2, it is likely that 

industry evolution in developing countries will differ substantially from the ILC model, 

which is based solely on empirical evidence from industrialised countries. In this chapter, I 
will assess long-run industrial development of the Indonesian pulp and paper industry from 

its birth in 1923 till 2000. It therefore presents evidence on industry evolution in a developing 

country context, which has so far attracted much less research. Following the standard 

approach in the 1LC literature, I analyse bistorical figures on firm turnover and concentration 

for different market segments, paying particular attention to the influence of industrial policy 

on these variables. 

6.1 Industrial Dynamics and Market Structure 

Figure 6.1 shows the number of pulpand paper frrms (as opposed to plants) and the annual 

amounts of entry and exit from 1923 to 1999. The data is mainly basedon the pulp & paper 

industry directory (1987-1999), publisbed bi-annually by APK.I and supplemented with 

formation from a number of other sourees for more bistorical data (Chapter 4). During the 

colonial and state-industrialisation phases (1923-1974) the number offirms was very limited. 

In total seven companies entered the industry, while none exited. When the Indonesian 

govemment adopted an import substituting industrialisation (ISI) policy (1974-1984) and 

high import tariffs were imposed, entry increased sharply and the total number of producers 

reached 31. During export oriented industrialisation (EOI) (1984-1997) on average 2 to 3 new 

firms entered the market each year, culminating in a total number of 51 pulp and paper 

companies. In the period after the crisis (1997-1999) only one firm entered the market. A 

remarkable finding is that exit has been very low over the 80 year life span ofthe industry. 

Only 13 out of the in total 65 firms that have been active in the Indonesian pulp and paper 

sector left the market as aresult of either takeovers (5) or company failures (8). 

Figure 6.2 displays the rate of concentration measured by the market share ofthe four 

largest frrms (C4) from 1980 till 2000. In addition, it shows the share of APP, which is 
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presently with around 55 percent the bagest producer of pulp and paper in Indonesia. 

Con centration figures are based on the tonnes of paper produced. Contrary to what one might 

expect, the increase in number of producers has been paralleled by a rise in concentration 
from 46 to 74 percent, which implies that most new producers remained small. In fact, the 

figure shows that it bas been mainly one company (APP), which managed to increase its 

market share from a mere two percent in 1980 till more than 50 percent in 2000. 

Similar to many other manufacturing sectors, the pulp and paper industry can be 

divided in several segments or submarkets of roughly homogenous products, which are only 
weakly related in termsof demand and therefore should he analysed separately (Sutton, 1998; 

Bonaccorsi and Giuri, 2000). I distinguish between four segments of final products: (1) 

printing and writing paper; (2) boards; (3) newsprint; and (4) tissue paper. The market for 
specialty papers is not addressed because it is composed of a large number of heterogeneaus 

products, such as cigarette and art paper, which are difficult to compare. Also, no individual 

analysis is provided for the pulp segment because there is not enough data available to 

discem whether (integrated) pulp mills are producing for internat use or sell on the market. 
Note that, although demand substitutability between paper grades is only limited, their 

markets are linked on the supply side. First, to some extent all paper products can be made 

with the same raw materials. As will be clear from the analysis below, in particular access to 
forest resources has played an important role in the evolution of the industry. Second, since 

the technology (i.e. the paper machine) and associated knowledge base for the production of 

paper are similar across markets, paper producers can easily he active in multiple market 

segments. Finally, there are linkages in terms of marketing and distribution as these can be 
combined for different types of paper. 

Figure 6.3 depiets the total number of firms (as opposed to plants), entry and exit 
between 1923 and 2000, by submarket Note that firms can he active in more than one 

segment and therefore the totals do not add up to the data presented in Figure 6.1. Figure 6.4 

presents the concentration rate per sub-market measured by the share of the four largest firms 

(C4) basedon tonspaper produced between 1980 and 2000. There is no detailed production 

data available prior to that period. It also displays the market share for conglomerate-owned 
companies. The con centration figures presented probably overstate the 'real' concentration 

levels as imports and exports are not taken into account. 1 

1 Bird (1999) provides a good discussion on the measurement of concentration and an elaborate application to 
lndonesian manufacturing. 
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Figore 6.1: Entry, Exit and TotalNomber of Pulpand Paper Firms,l923-1999 
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Figure 6.2: Concentration and Market Share, Total lndustry 
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6.1.1 Printing and Writing Paper 

After a period of relative stagnation in which only state-owned companies were active, the 

market for printing and writing paper began to develop rapidly during ISI. Between 1975 and 

1980, triggered by high tariffwalls, the number offirmsjumped from 6 to 14 (Figure 6.3a). 

As indicated in the previous chapter, virtually all new entrants were small non-integrated 

companies, which operated outdated equipment and had little export potential.2 1t would have 

been much more efficient to establish large-scale integrated pulp and paper mills which 

would exploit the abundant forest resources in fudonesia (World Bank, 1981). However, with 

zero import duty on pulp, the main intermediate input, and 30-60 percent tariff on paper 

(Table 5-2), there were no incentives to construct this type of mills. Another likely factor 

which prevented the construction of large modem factorles were difficulties new entrants 

experienced in raising the substantial amount of capita! funding, required for such facilities. 

Finally, probably also restriedons on foreign investment, complex Iicensing, reduced tax 

incentives and general uncertainties in investment elimate in fudonesia (Hili, 1996b; Fane, 

1999) led to the establishment of:financially less risky small mills during the ISI period. 

Around 1984, the printing and writing market started to expand rapidly. However, 

growth was distributed very unequally and mainly driven by one corporation, Asia Pulp and 

Paper (APP) owned by the Sinar Mas Group. Like no other, it managed to exploit the wide 

range of capital subsidies, which were part ofthe government's policy to create a large--scale 

export-orientated pulp and paper industry. By means of a series of aggressive takeovers, 

construction of new pulp mills and adoption of state-of-the-art paper machines (see Table 5.3 

and Chapter 7) the company established itself as the teading producer in the printing and 

writing market. Till 1999 it was the only conglomerate-affiliated producer in the market and 

accounted for more than 80 percent oftotal printing and writing output (Figure 6.4a). 

The massive expansion of APP must have considerably raised the entry harriers for 

new competitors. lts very low unit production cost, caused by the combination of large-scale 

process technology and access to cheap forest resources, seem almost impossible to match for 

other companies. Not surprisingly, entry of new firms (and growth of existing companies) 

was very low during the expansion phase. Between 1984 and 1998, only three new firms 

commenced production of printing and writing paper. Two were relatively small (capacity 

below 25.000 tonnes per year (tpy)) non-integrated producers, which entered the market in 

1985 and 1991, respectively. Given their size, it is highly unlikely tbat these two firms 

competed directly with APP. This is probably not true for APRIL, which entered the market 

in 1998. Similar to APP, this company is owned by a large fudonesian business group (Radja 

Garuda Mas) and was able to acquire Hutan Tanaman Intlustri (HTI) concessions for large 

tracts of natural forest, to be used as raw material for the production of pulp. fu 1995 it started 

up its pulp processing plant in Riau, currently one of the two pulp mills in the world with a 

2 In most studies on the dual economy cbaracteristics of developing countries smal! establishments correspond 
to plants with about 1-10 workers (Chapter 2). However, this classification doesnotseem appropriate for large
scale industries like pulp and paper manufacturing where even the 'smallest' factorles can employ more than 
100 workers whereas large fums easily employ more than 500 workers. Hence, here 'smalt' and 'large' have to 
be regarded as relative rather than of absolute concepts. 
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capacity over 2 million tpy. Only three years later, APRIL commenced operating its first 

paper machine, which with 350,000 tpy is one ofthe largest machines in·the world. Despite 

the expansion of low-cost producers such as APP and APRIL, competitive pressure in the 

printing and writing segment seems to have been very low as only three out of 17 frrms left 
the market since 1984. 

6.1.2 Board 

The growth of the board market during ISI resembles that of the market for printing and 
writing paper. Over the period 1975-1980, the total of board manufacturers more than 

quadrupled from four to 18 (Figure 6.3b) but most of these were smalt and adopted secend

hand or obsolete paper machines. In the subsequent EOI period this pattem changed. The 

increasing demand for board products, associated with the overall growth of the Indonesian 
economy, stimulated the entry of several large-scale producers with reasonably modem 

processing equipment. Among them was also APP, which also started to diversify into the 

production of board grades. Between 1985 and 1996, it installed 5 board machines one was 

among the wortd's largest (Rudd, 1999)- becoming the leading player in the market. In 1993 
another conglomerate producer, Surya Pamenang, part of the Gudung Garam group, 

cammeneed production. Together with APP, it accounted for 43 percent oftotal production in 
2000 (Figure 6.4b ). 

The board market seems to have been more competitive than the printing and writing 

segment. Although the two conglomerate firms produce the main share of output, the C4 

concentration indices in Figure 6.4b indicates that there are also two independent mills with 
relatively large market power. Further, the continuous inflow of new firms - the total number 

of producers gradually increased from 18 to 33 between 1984 and 2000 indicates ample 

space for new competitors. 
The differences in industrial dynamics between the printing and writing, and board 

market are related to differences in the use of raw materiaL Boards are mainly made out of 

waste paper (as opposed to wood) of which still more than 50 percent bas to be imported in 

order to fulfil dornestic demand (APKI, 1997). Indonesia, therefore, doesnothave astrong 
comparative advantage in the production of boards and incentives to build large export

orientated production facilities have been modest. Accordingly, the industrial policy, which 

gave some influential conglomerates privileged access to wood resources and, in turn, 

distorted competition in the production of printing and writing paper, have played a minor 
role in the development of the board market. Nonetheless, indirectly it had major effects as 

APP used the finance and knowledge obtained through its activities in the printing and 

writing segment as a vehicle to expand into other paper markets, such as boards and tissue 
paper. 



Figure 6.3: Entry, Exit and Total Number ofFirms by Segment, 1922-1999 
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Figure 6.4: Concentration and Market Share by Segment, 1980-2000 
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6.1.3 Newsprint and Tissue Paper 

Newsprint and tissue paper are considered mass market products in industrialised countries 

but they are luxury goods, only affordable to a eertaio group of people in developing 

countries, like Indonesia. This is confirmed by the fact that virtually all newsprint and tissue 

is consumed in large cities, such as Jakarta and Surabaya, where most wealth is concentrated. 

The shares of both paper grades in total output (7 and 3 percent in 2000) are very small in 
comparison to the printing and writing as well as the board segment. Both can be considered 

niche markets. Consequently, there are only a handfut ofnewsprint firms, which implies that 

the market is heavily concentrated (Figure 6.3c and Figure 6.4c). 

The first entrant was ASPEX paper, owned by the Korindo group, the only business 
group active in the newsprint market 3 It operates the largest machines and is the dominant 

player today. Entry harrierscan he considered relatively high in this segment because of high 

sunk costs. The number of tissue paper firms bas increased suhstantially in the 1990s up to 10 
in 1999 (Figure 6.3d), stimulated hy increased demand. Tissue machines are smaller and 

cheaper than printing and writing and newspaper machines. Entry harriers are therefore lower 

than in other pulp and paper sub-markets, which explain why there are relative many firms in 

operation. Competition does not seem to have been fierce because no firm bas left the market 
since the start up ofthe first tissue mill in 1976. In 1991 APP also started to produce tissue 

paper and is presently controts almost 60 percent ofthe market (Figure 6.4d). 

6.1.4 'Techno-Economie' Dualism 

The industry evolution of the four market segments shows some remarkable similarities. 

First, the protectionist ISI policy stimulated the entry of a large number of small plants, 
mostly operating outdatedor second-hand paper making machinery (also see Chapter 7). The 

subsequent EOI phase was characterised by the 'rise' of conglomerate-owned firms and in 

partienlar APP. Due to a combination of technological capabilities and financial power, of 
which the latter was often fortified hy suhstantial government subsidies, these companies 

were able to adopt modem large-scale paper machines. Subsequently, with market shares 

between 39 and 89 percent, APP became the dominant player in all market segments, except 
for newsprint, where a competing business group produces more than 70 percent of output. 

Second, it is striking that all market segments are characterised by an increasing 

numher of firms throughout their life cycle. There have been definitely no signs of shakeout, 

described in the ILC literature (Chapter 2) or a more gradual decrease in the number of 
competitors, observed in the Scandinavian pulp and paper industries (Chapter 3). This is 

contrary to what one would expect fora reJatively homogeneons and 'simpte' product such as 

paper where competition is cost based. The adoption of advanced and scale-intensive 

production technology by some producers during EOI should have lowered their unit 
production costs, and, in turn, forced high-cost competitors out ofthe market. Such 'creative 

3 In fuct the fust Indonesian Newsprint paper was the Siantar milt founded in 1959 (Table 5.1 ). However, it was 
dismantled again in 1981. 



The Making of a Dual Market Structure 91 

destruction' bas clearly nottaken place in the Indonesian pulpand paper industry as many of 
the inefficient firms established during ISI have not left the market Even the Indonesian 
financial crisis in 199711998 did not cause a rationalisation of the industry. I would have 
thought that small mills, which are not exporting and are dependent on imported raw 
materials, would be severely troubled by the depreciated rupiah, possibly teading to 

bankruptcy. As a result, the present structure of the pulp and paper industry seems to be 
characterised by a dual 'techno-economie' market structure, consisting of a relatively large 
number of small, independent, outdated and inward-looking firms on the one side and a few 
large conglomerate-owned, modem and export-orientated companies on the other side. 

6.2 Testing for Duality 

In this section I investigate the presumed duality in the Indonesian pulp and paper industry 
using data from the pulpand paper LMD, outlined in Chapter 4. Specifically, I test for the 

relationship between ownership structure and a number of techno-economie characteristics, 
which are all expected to be higher for plants owned by Indonesian business groups. Given 
the data availability the analysis is limited to the period 1995-1997. This is nota problem as 
the dualistic market structure only started to emerge around the mid-1990s. I distinguish the 
following seven techno-economie variables: 

•!• Technological advance in machinery (MACH) is based on the MACH index, which will 
be explained in detail in the next chapter. For now it is sufficient to know that the index 
reflects the sophistication ofthe process equipment for each mill.4 

•:• Quality of the Iabour force (EDUC) is approximated by the share of educated employees 
in total Iabour. The share of skilied employees is defined as the sum of employees with 
senior high school, college, bachelor, master and PhD education.5 It is assumed that, 
given the more sophisticated equipment and available financial resources, conglomerate
owned plants are willing and able to hire more skilied employees. 

•:• Foreign knowledge input (FOR) is a defined as the share of foreign employees in total 
Iabour. The rapid expansion ofthe Indonesian pulpand paper industry has outstripped the 
available supply of highly educated and specialised engineers and therefore many firms 
depend on foreign knowledge to runtheir equipment (also see Chapter 9).6 Similarly to 

EDUC, it is presumed that business groups employ a higher share of foreign employees. 

•!• Wage (WAGE) is another indicator for the quality ofthe Iabour force since higher skilied 
personnet will tend to earn more. In addition, the local supply of qualified Iabour is so 
tight that companies have been competing intensely against each other for the best paper 

4 The establishment-level MACH index is constructed by aggregating the machine-level MACH indices ( average 
of speed and width indices) of each paper machine in that plantand year, using the value ofthe capacity output 
as weights (see Chapter 7 fur details). 
5 I also experimented with other compositions of SKILL in the empirica! analysis. Other formulations give 
similar results. 
6 Various interviews with mill managers, govermnent officials and consultants, 2001 and 2003. 
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graduates (AUSNEWZ, 1999). Due totheir financial strength, conglomerate plants can 

offer higher wages than other producers (also see Chapter 9). 

•:• Size (SIZE) is measured by output in constant 1995 prices. Since conglomerate plants 

were able to instaU large-scale equipment, their output is hypothesized to be higher than 

other pulp and paper rnills. 

•:• Productivity (PROD) is measured as valued added in constant terros divided by total 
persons engaged. Given more sophisticated equipment, more foreign employees and 

better skilied personnet it is expected that conglomerate plants exhibit higher Iabour 
productivity than other plants. 

•!• Export (EXP) is a dummy variable, indicating whether a plant is exporting or not.7 

Conglomerate-owned mills are presumed to more internationally competitive than other 

plants because of superior equipment, higher skilied personnet and, in particular for 

printing and writing plants, access to cheap raw materials. Furthermore, business groups 

often possess {international) marketing networks that facilitate exporting. Indonesian 
Business Data Centre (1994) and unpublished data supplied by the ministry of industry 
and trade show that the conglomerate companies exported around 10 percent of total 

production in the early l990s, increasing to more than 70 percent after the financial crisis 

between 1998 and 2000. Comparable shares for independent factorles are 0 and 2 percent. 

Table 6.1 presents summary statistics for the seven techno-economie indicators as welt as 

several control variables by ownership. Besides conglomerate affiliation, the table shows 
separate figures for public plants. On a first glance the table supports our hypothesis that the 
business group mills are outperforming independent establishments on all seven indicators. 

Public plants seem to be somewhat in the middle of these two groups, except for WAGE 

which is even a bit higher than what is paid by conglomerates. 

6.2.1 Regression Analysis 

To test the relation between ownership and the techno-economie performance variables I 
estimate the following equation, using a range of duromies to control for variations in output 

mix, age and time: 

1';1 =Po+ PPCON1, + P2DPUB11 + P3DINJ;, + P4DBOARD1, + P,DNEWS1, 

+P6DTISS11 + P7DSPEC11 + P8AGE11 + P9D96+ P10D97+U11 

(7.1) 

where Y denotes the techno-economie variabie for mill i at time t. DCON and DPUB are 
indicators for conglomerate owned plants and public plants, respectively. DINT is a dummy 

for integrated pulp and paper mills, which has a value of one if the rnill produces both pulp 
and paper, and zero when only paper is manufactured. 

7 It would be better to use the share of output sold abroad instead of a dummy variabie for export but, as 
explained in Chapter 4, reliable infonnation on this is not available. 



Table 6.1: Summary Stanstics by Ownersbip, Averages for 1995-1997 

Variabie Defmition Independent Pubtic Conglomerate Tata/ 
Mean Std. dev. Mean Std dev. Mean Std. dev. Mean Std dev. N 

MACH Establishment mach (average) 0.21 0.18 0.39 0.30 0.50 0.26 0.30 0.25122 

EDUC Share of employees with senior high school or higher. 0.55 0.19 0.61 0.17 0.68 0.19 0.59 0.20143 
FOR Share of foreign employees 0.00 0.01 0.00 0.00 0.02 0.02 0.01 0.02145 

WAGE Total wage (1995 000 rupiah)/total Iabour 3539.80 2595.19 7647.50 4989.85 7345.15 5669.75 4889.37 4270.57143 

SIZE Output (milt. 1995 rupiah) 48.06 70.09 159.47 113.26 466.27 504.67 172.67 330.49149 

PROD Value added (000/1995 rupiah)/totallabour 19.57 29.67 17.88 8.94 79.56 81.11 36.38 56.05149 
EXP Export behaviour (0 or 1) 0.44 0.50 1.00 0.00 0.90 0.30 0.60 0.49149 

DINT lntegrated mill (0 or 1) 0.15 0.36 1.00 0.00 0.14 0.35 0.20 0.40149 
DPULP Pulp mill (0 or 1) 0.01 0.10 0.00 0.00 0.21 0.42 0.07 0.25149 

DPRINT Printing and writing rnills (0 or 1) 0.15 0.36 0.33 0.50 0.36 0.48 0.22 0.42149 

DBOARD Board rnill (0 or 1) 0.62 0.49 0.33 0.50 0.21 0.42 0.49 0.50149 

DNEWS Newsprint mill (0 or 1) 0.03 0.17 0.33 0.50 0.07 0.26 0.06 0.24149 

DTISS Tissue mill (0 or 1) 0.12 0.33 0.00 0.00 0.00 0.00 0.08 0.27149 

DSPEC Specialty mill (0 or I) 0.06 0.24 0.00 0.00 0.14 0.35 0.08 0.27149 

AGE Age of establishment (years) 15.12 7.74 47.00 29.34 10.86 6.41 15.85 12.79149 

Note: For computation of MACH see Chapter 7. 

Source: Pulpand paper industry LMD. 
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DBOARD, DNEWS, DTISS and DSPEC are dummy variables for board, newsprint, tissue and 

specialty mills, respectively. They control for effect differences in production technology and 

output mix may have on performance. Printing and writing mills form the control group. 
Finally I add a control variabie for the age of the establishment (A GE) and year duromies 

(D96 and D97). u1 is an error term. Table 6.2 shows the results of the estimations. To save 

space, I only present the coefficients for the ownership duromies and summary statistics for 

the various models. 

Table 6.2: Statistical Comparison (t-values between parenthesis) 

y DCON(pJ) DPUB(pJ) N adj. jii 
MACH" 1.27 (8.32)*** 1.77 (5.83)*** 122 0.64 
EDUC" 0.34 (2.18)** 1.04 (3.13)*** 138 0.45 
FOR" 0.76 (3.42)*** -2.97 (-5.37)*** 78 0.60 
WAGE 2343.08 (3.08)*** 6505.99 (3.94)*** 143 0.39 
SIZE 395.40 (6.52)*** -ll1.55 (-0.85) 149 0.34 
PROD 36.54 (3.59)*** 14.15 (0.64) 149 0.36 
EXPb 3.39 (20.69)*** 8.34 (O.lO) 149 0.34 

Note: *** significant at the 1 percent level; •• significant at the 5 percent level; • 
significant at !he I 0 percent level; ' Independent variabie bas been logistically 
transfonned to make OLS estimation possible, which bas resulted in the toss of boundary 
variables. b Estimated using binary logistic regression with according t-values and R2

• 

Source: Pulp and paper industry LMD. 

The outcomes of the regression analysis are in line with expectations. All seven techno

economie indicators are significant1y higher for conglomerate owned plants than for the 
independent operating establishments. Also the public plants outperfarm the single mills in 

Iabour force quality (EDUC), technological advance in machinery (MACH) and real wage 

(WAGE). They do, however, employ significantly less foreign employees (FOR) than other 

plants. This outcome might seem contrary to the literature, which finds that public companies 
in developing countries generally are performing relatively badly (World Bank, 1995). 

Nevertheless, secondary information on the three government mills, which are still active in 
1997, supports the results. 8 PT Kertas Leces is one of the larger plants in Indonesia and is 

considered to be a reasonably modem mill by a consultancy report (AUSNEWZ, 1999); PT 

Kertas Padalarang, manufactures and exports higher quality paper products, despite using 

almost 80 year old equipment (Minderhoud, 2002); and PT Kertas Kraft Aceh is operating a, 

by lndonesian standards, relatively fast and wide board machine. 

6.2.2 Cluster Analysis 

In this section I use another, complementary, approach to investigate duality in Indonesian 
pulpand paper industry. Insteadof a priori enforcing group structure, as bas been done above 

8 In total 7 public mills have been operating between 1975 and 1997. Two went out of business and two others 
were privatised ( also see Appendix D). 
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using information on ownersbip, cluster analysis is applied to arrange tbe data on tbe basis of 
tbe techno-economie cbaracteristics themselves. This type of analysis is now increasingly 
used in economie geography to investigate spatial clustering of countries or regions. An 
example is Verspagen (1999}, who examines the existence of regionat 'clubs' in Europe. 
Following his approach, I use a K-means cluster algorithm to group tbe data. Intbis variant of 
cluster analysis, tbe data is split into an ex ante determined number of clusters by maxiruizing 
between varlation relative to within varlation using the Euclidean distance.9 As expected tbat 
the Indonesian pulp and paper market is characterised by a dualistic market structure, it 
seems logica! to do tbe analysis witb two clusters. The variabie for exports (EXP) bas been 
excluded because it is not possible to include binary variables in a cluster analysis. For the 
rest, tbe same data as in the earlier regression analysis has been used but information on tbe 
six remairring techno-economie indicators was only jointly available for 115 data points. The 
cluster analysis is performed using standardised values of all variables - so called Z-scores, 
which are obtained by subtracting the mean and dividing by tbe standard deviation - to avoid 
sealing bias. 

Table 6.3: Average of Techno-Economie Variables, by Cluster 

Cluster 1 Cluster 2 

MACH 0.29 0.62 

EDUC 0.53 0.69 

FOR 0.00 0.02 

WAGE 3897.56 9772.67 

SIZE 66.73 634.55 
PROD 18.91 76.36 

N 91 11 

Note: Clusters derived using K-means cluster 
using standardised values (Z-scores) for all 
variables on the basis of plant data for 1995-
1997. 

Source: Pulpand paper industiy LMD. 

Table 6.3 gives the means for eacb of the techno-economie variables per clusters. Cluster 1, 
which encompasses 80 percent of all mills can be characterised as economically and 
tecbnologically 'outdated' or 'backward' while Cluster 2 can be typified as 'modem' or 
'leading'. All techno-economie variables in Cluster 2 are bigher tban tbose observed for 
Cluster 1. A closer look at tbe data shows tbat tbe outcomes are consistent over time, tbat is 
plants, which are for instanee classified as Cluster 1 in 1995, also belong to tbis cluster in 
1996 and 1997. 

Next I combine ownership structure and techno-economie cluster memhership in 
Table 6.4. It appears tbat independentplantscan be rightly cbaracterised as 'backward' as all 
of tbem are captured by Cluster 1. The results are somewhat more mixed for tbe pubtic and 

9 The clusters are established using the K-means cluster analysis algorithm in SPSS 11.0. 
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conglomerate-owned establishments. For the former the balance between 'lagging' (Cluster 
1) and 'leading' (Cluster 2) plantsis 66 and 33 percent, respectively. As mentioned above, 

this is consistent with background information on some of the pubtic paper mills. For 

conglomerate plants 61 percent are part ofthe 'leading' Clusters 2 while the remaining mills 
(39 percent) are part of the 'backward' Cluster 1. It is unclear why a share of the 

conglomerate plants exhibit overall low techno-economie characteristics. Inspeetion of the 

data disdoses that the lagging plants do oot beloog to one specific business group and 

therefore firm specific factors can be ruled out as an explanation. Other possible factors that 
might explain the underperformance of these factorles could be management, infrastructure 

or demand problems. A final cause might be product mix since, in the cluster analysis, it is 

not possible to control for this. 

Table 6.4: Ownership versus Techno-Economie Cluster Memhership 

Cluster 1 Cluster 2 Total 

Independent 73 (100) 73 (100) 
Pubtic 6 (67) 3 (33) 9 (100) 
Conglomerate 13 (39) 20 (61) 33 (100) 

Total 92 (80) 23 (20) 115 (100) 

Note: Shares between blliCkets. 

Source: Pulpand paper industiy LMD. 

6.3 Conclusions 

In this chapter I have provided a descrlptive and quantitative analysis of the evolution of the 
total Indonesian pulpand paper industry and four submarkets from 1923 till2000. One ofthe 

main findings is the emergence of a techno-economie dual market structure durlog the mid 

1990s, consisting of a handfut oflarge modem firms mostly owned by business groups, and a 
high number of small backward producers that operate independently. The literature offers a 

range of possible explanations for dualism in developing countries, some of which reflect 

general underdevelopment of the economy (weak infrastructure, high share of low-tech 

industries, macro instability, slow technology diffusion and Iabour surplus) while others 

relate to distorting government policies (trade policy, excessive regulation and preferential 
treatment ofinfluential companies) (Chapter 2). 

The empirical evidence indicates that oot one but the combination of almost all of 

these factors over time have led to the materlalisation of the dualistic structure in the 

Indonesian pulp and paper industry. First of all, it was the protectionist ISI policy, which 

caused the entry of many small non-integrated paper mills with outdated process equipment 
durlog the mid 1970s till the mid l980s. Additionally, lack of investment capital, complex 

licensing agreements and general uncertainties in investment elimate probably also 

contributed to occurrence of an inefficient production structure. In the subsequent EOI period 
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from 1984 till the Indonesian financial crisis, an extensive package of govemment subsidies 
spurred the rapid expansion of a few conglomerate companies (and in particular APP), which 
became the market leaders in all paper segments. What is remarkable is that the rise of the 
conglomerate firms was paralleled by the survival of almost all of the backward plants that 
were established during ISI, eventually teading to the emergence of a dual market structure. 

How is it possible that these smalt independent and outdated paper mills were able to 
stay in business next to companies like APP and APRIL, which are considered among the 
lowest-cost producers in the world? Again, the available information points at a combination 
of explanations. First, it seems that some ofthe smaller firms are producing in niche markets 
and are therefore shielded off from direct competition against more efficient firms. A 
technology supplier confirmed that such conditions are applicable to some segments of the 
Indonesian pulp and paper industry.10 An example is PT Kertas Padalarang, the oldest plant 
in Indonesia, which operates three antiquated paper machines. It uses part of its printing and 
writing capacity to make specialty papers (e.g. banknotes) (Minderhoud, 2002). These types 
of paper are produced in batches during short production runs and can therefore be made 
profitably with obsolete paper machines. Conversely, bulk products, such as printing and 
writing paper are produced with large-scale modem paper machines, which are only 
profitable ifthey produce 24 hours a day. Similarly, Indonesia's island structure is likely to 
result in smalt geographically fragmented markets, which might be better served with second
hand or older vintages of capita! goods. Although, the niche market argument seems to apply 
for some of the smaller plants, it is unlikely that it can fully explain the observed dualism. 
First, detailed information on capacity and production indicates that most mills manufacture 
bulk paper grades instead of specialty papers and, second Figure C-1 (Appendix C), shows 
that almost all establishments are located on Java and Sumatra, Indonesia's two most 
urbanised and industrialised islands. 

A second possible reason for persistenee ofthe small paper mills is the 'appropriate' 
technology argument {Timmer et al., 1975; Stewart, 1977), which argues that smali-scale 
technology is more efficient in a developing country context where Iow-cost Iabour is 
abundant and investment capital is scarce. This hypothesis seems to be rejected by the 
analysis in Chapter 8, which shows that most independent establishments are technically 
inefficient relative to the large-scale conglomerate plants. Nonetheless, it is possible that 
despite their inferior performance, independent plants are able to survive because they are 
still cost efficient in comparison to large conglomerate factories, where capital costs are 
probably much higher. Detailed information on input and output prices at the mill level, 
which are not available for this study, is needed to provide more definitive answers. 

A final explanation for the survival of outdated plants might he severe distortions in 
the competitive process, caused by the various industrial polides introduced over time. The 
most striking finding in support of this hypothesis is the very low rate of plant tumover, 
encountered over the complete life cycle ofthe Indonesian pulpand paper industry. One the 
one hand, this precisely what one would expect to find for a mature industry, such as pulp 

10 Interview, 2001 
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and paper manufacturing, where capital intensity is high and competition is cost-based 
(Chapter 2). Surely, entry harriers must have been exceptionally high (above all in the 
printing and writing segment) for potential new competitors, locked out from access to cheap 
forest resources and other capita! subsidies that, in turn, allowed conglomerate companies to 
instaU large-scale process equipment. However, on the other hand, low turnover, and in 
particular low exit rates are much less straightforward during a period of structural 
transformation and technica! change, which characterised the Indonesian pulp and paper 
industry during EOI from 1985 up to the end of the 1990s. The hypothesis of limited 
competitive pressure is corroborated by Indonesian Business Data Centre (1994), which 
investigates the allegations of the paper-processing sector of carte! formation in the printing 
and writing segment. 11 The combined effects of these three factors niche markets, the 
appropriateness of non-state of the art technology and market distortions provide a plausible 
explanation for the survival of many smal I and probably outdated paper mills. 

11 Bird (1999) also cites World Bank reports that found evidence of cartel practices in the Indonesian pulpand 
paper industty. 



Chapter 7 

Diffusion and Adoption of Paper 
Making Machinery 

It is well known that embodied technological change is a key souree of economie growth and 
catch up. This bas for instanee been underlined by the work ofDe Long and Summers (1991; 
1992), who find a strong causa! relationship between equipment investment and growth of 
GDP for a large sample of rich and poor countries. Two explanations have been offered for 
this finding. First, new vintages of machinery are generally more productive than older ones 
and, hence, their ditfusion will increase productivity and, ultimately, economie growth 
(Solow, 1960; Salter, 1960). Second, endogenous growth theory (Romer, 1990; Aghion and 
Howitt, 1998) bas drawn attention to knowledge spillovers, associated with the design, 
manufacturing and installation of capita! equipment. It is precisely for this reason that 
development economists have frequently stressed the importance of fostering local capital 
goods industries in latecorner countries (Fransman, 1984; Lee, 2000). Besides the dornestic 
production of machinery, it has also been argued that importsof equipment may serve as an 
important conduit for spillovers, for example through technological support, transfer of 
blueprints, or commissioning of equipment. This argument is supported by the study of Coe 
et al. (1997), who find that countries which import more machinery from technological 
leaders achieve higher productivity growth. 

In Chapter 8, I will measure Iabour productivity and teehoical efficiency of 
lndonesian pulp and paper mills, which reflect the effect of investment in new capital goods 
and associated knowledge spillovers. The latter is also explicitly addressed in Chapter 9, 
where I discuss technology transfer between equipment suppliers and Indonesian pulp and 
paper producers. However, in order to give more meaning to these chapters, it is relevant to 
provide a clear picture the rate on the ditfusion and adoption process of pulp and paper 
machinery. Ditfusion is defined as the process by which new technologies spread across the 
economy over time, while adoption refers to the instaBation of new technology by individual 
firms (Lissoni and Metcalfe, 1994; Stoneman, 2002). Technology ditfusion is therefore a 
much more aggregate phenomenon than technology adoption which involves the 
decisionmaking process of individual firms. The analysis in this chapter will predominantly 
focus on the ditfusion and adoption of paper machines (PMs) since the installation of the first 
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machine in 1923. Two main questions are posed in this chapter First, what patterns of 

ditfusion can be discerned in the Indonesian paper manufacturing sector? Second, what role 
have industrial policies played in the ditfusion and adoption of paper making machinery in 
Indonesia? Answers to these questions will also provide information on the rate and extent of 
embodied technological catch up of the Indonesian pulp and paper in dustry. 

The structure of this chapter is as follows. In section 1, I present some background 
information on the origin ( dornestic production vs. imports) of installed pulp and paper 

machinery. Insection 2, I presentand discuss a machine index, which can be used to analyse 
the ditfusion oftechnology in the industry. The empirica! analysis is presented insection 3. It 
focuses on three issues: (1) the influence ofpolicy regime on embodied technological catch 
up, (2) machine-level variations in technological performance and the emergence of a dual 
technological structure, and (3) the influence of ownership and industrial policy on adoption 
decisions. Conclusions are drawn in section 4. 

7.1 Production and Importsof Pulpand Paper Making Equipment 

Despite the long history of the Indonesian pulp and paper industry, local production of 
machinery bas never taken off. Except for general auxiliary equipment such as motors, 
pumps or valves, all industry specific machinery, including paper machines, boilers and 
digesters still bas to be imported and, not surprisingly, local content generally contributes less 

than 10 percent of the total installation cost Figure 7.1 and Figure 7.2 present data on imports 
of pulp and paper equipment since 1982. Both figures show a clear correspondence with the 
periods of import substitution industrialisation (ISI) (1974-1984), export oriented 
industrialisation (EOI) (1984-1997) and crisis (1997-present) discussed in Chapter 5. Only 
after ISI, around the late-1980s imports of paper machinery start to increase rapidly. The 
boom in pulp equipment imports came somewhat later during the mid-1990s when several 
large companies adopted a strategy of backward integration and started to construct some of 
the wortd's largest pulp lines. Finally, the figures alsodepiet the ramifications of the Asian 
crisis, resulting inasharp decrease ofmachinery imports after 1997. 

The origin of the equipment in the figures correspond with the teading global pulp and 
paper machinery suppliers: Rauma, Sunds and Valmet (which merged in the 1990s and are 
now called Metso) in Scandinavia; Beloit in the USA; Mitsubishi in Japan, and Voith and 
Andritz in Germany and Austria. Of these, the Scandinavian companies delivered most 
pulping equipment (see Table 9.4 in Chapter 9 for an overview of pulp lines in Indonesia), 
while Voith and Mitsubishi were responsible for the supply of most modern PMs.1 In 
addition, Jih-Shine and Fufa, which are based in Taiwan, supplied many smaller PMs. These 
are however less advanced (i.e. less fast and wide)- Fufa for example produces outdated 
Voith machines under licence - and, hence, count for a relatively minor share in import 
value. 

1 Before Beloit went out of business in 1999, it was jointly producing PMs with Mitsubishi for the Indonesian 
market 
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Figure 7.1: Import of Pulp Making Machioery by Region, 1982-2000 
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Figure 7.2: Import of Paper Making Machinery by Region, 1982-2000 
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Figure 7.3: Number, Entry and Exit of PMs, 1923-2000 
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Figure 7.4: Number of PMs by Class, 1923-2000 
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Figure 7.3 presents the total, entry and exit of PMs in Indonesia between 1923 and 2000 and 
Figure 7.4 depiets the number of PMs by class for the same period. The pictures show a steep 
rise in the number of PMs as well as a pattem of diversification at the beginning of ISI in the 
mid 1970s. During EOI, the number of PMs increased gradually until the emergence ofthe 
financial crisis in 1997, when growth starts to stagnate. So far nota single machine bas been 
scrapped because of obsolescence or for other reasons. This is illustrated by the fact that the 
first three PMs in Indonesia, installed by the Dutch paper manufacturer in 1923, 1931 and 
1939, respectively, are still in operation today. All the 9 PMs, which stopped producing since 

1923 belonged to paper mills that went bankrupt. 

7.2 The Machine Index 

There are various approaches to the measurement of technology ditfusion and adoption 
depending on data availability and the nature of the technology studied. Frequently used 
measures for ditfusion are the number of adopters divided by the number of total potential 
adopters (the rate of imitation) or the percentage of output attributable to the new technology 
(the overall rate of diffusion) (Lissoni and Metcalfe, 1994). For the analysis of adoption, a 
cornmon approach is to relate the adoption decision of a firm to various firm and market 
characteristics, such as size and concentration, using a probit model (e.g. Davies, 1979). If 
panel data is available more sophisticated analyses are possible using duration analysis, 
which takes into account the lag before a firm adopts the technology (Levin et al., 1987; 
Stoneman and Karshenas, 1993). 

These standard methods suffer from the major drawback that technology adoption and 
ditfusion is reduced to the analysis oftechnological substitution in which 'old' technology is 
replaced by 'new' technology. By default, using such an approach one can only address 
radical technological change, such as for example, hand vs. mechanical reapers (David, 1975) 
or open hearth fumaces vs. basic oxygen fumaces (Oster, 1982), whereas incremental change 
in design, e.g. improvements within mechanica! reapers or blast fumaces, is neglected. This 
criticism is particularly relevant for the analysis of ditlusion and adoption in process 
industries, where incremental technical change is relatively more important than radical 
innovation (Enos, 1962; Utterback, 1994). 

Furthermore, in the context of a developing country, it is probably not very relevant to 
limit the analysis to the ditlusion or adoption of radical innovations. Many firms are 
operating far bebind the technology frontier and only a few adopt best-practice technology. In 
contrast, a large part of the capital goods in developing countries are second-hand or in other 
ways already obsolete when they are purchased. Nevertheless, it has been shown that such 
equipment can still be operated profitably in a developing country context because of low 
Iabour costs or limited demand (Stewart, 1977; Pack, 1987; Navaretti et al., 2000). Interviews 
with technology suppliers and other sourees indicated that this situation also occurs in the 
Indonesian pulp and paper industry. Thus, in order to measure ditfusion and adoption of 
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technology in developing countries, one should take into account that variability in 

technological sophistication of capita! equipment might be high. 

As bas been pointed out in Chapter 3, the technological trajectory ofthe PM bas been 
characterised by incremental change in speed and width since its origin. Radical technica! 

change has been absent and the current design of the machine is almost the same as 

Fourdrinier model more than 200 years ago. Hence, conventional methods to measure 

technology ditfusion and adoption are difficult to apply because it is not easy to identify 

major changes in the design of the PM, which can be regarded as 'new' technology.2 

Therefore, I have constructed a machine index (mach), which measures the distance between 

each machine and the world technological frontier at each point in time? In this way 
technological levels of PMs can be compared over time and between classes of machine, 

which have broadly foliowed the same trajectory. The index captures both embodied 

incremental technica! change of the PM and technological catch up with the frontier. lt is 

defined as: 

F.c 
t 

(6.1) 

the ratio between the technological parameter p~ (speed or width) observed for each PM i of 

class c at year tand the world technology frontier (i.e. the global maximum parameter value) 

F;~ for the same year and class. Appendix E describes the sourees and procedure for the 

construction ofthe world technology frontier. 

Note that the technology frontier is defined as absolute global best-practice, i.e. a 
composite measure of all technologically most advanced PMs in the world which are not 

necessarily active in the same country. This is different from most productivity based 
technology gap studies which take the performance of one country (mostly the USA) as 

benchmark (i.e. Szirmai, 1994; Timmer, 2000). Hence, in this measure, even best performing 

countries may still show a technology gap with the world frontier as it is unlikely that they 
will have adapted frontier technology continuously, given the long lifespan of paper 

machinery. 
In order to derive insights in the overall pattem of technological catching up, I also 

construct an aggregate industry-level machine index (MACH). I do this by weighting the 

value of the machine-level indexes for each year by the value of production capacity for that 

year (machine production capacity multiplied by constant world price of the type of paper 
produced) as a share of total value of industry production capacity (Sït) for each year and 

machine: 

2 An exception would be twin-wire or gap former technology (Chapter 3). 
3 Another option would be to use the age of the PM as an indicator for technological vintage. However, 

precisely becanse many PMs in lndonesia are second hand, their true age is difficult to find out Another 

disadvantage ofusing the age of a machine as an indicator fur technological sophistication is that, contrary to 

the machine index presented bere, it does not take into account that newly manufactured machines might not 

always be located at the techno logica! frontier. 
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(6.2) 

It would he better to use the rental price ofthe PM as a weighting variabie but these were not 

available.4 Similar to the standard measures for technology diffusion (i.e. rate of imitation or 
overall rate of diffusion), MACH measures the spread of more advanced technology across 

the economy over time. 

7.3 Analysis 

7.3.1 Industrial Policy Regime and Technology Dirfusion 

Figure 7.5 presents the industry-level machine index (MACH) for speed, width and the 

average ofthe two for the period 1923-2000. The figure suggests a close relationship between 

the prevailing industrial policy regime and the technological sophistication of paper mak:ing 

machinery. 

Figure 7.5: Width, Speed and Average MACH, 1923-2000 
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4 See Jorgenson (l995a; l995b) on the nse of rental prices as weights to construct a measure for aggregate 
capital stock. 
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During the colonial period (1923-1958) the PMs installed were ofreasonable sophistication, 
though this was more so in terms ofwidth than in termsof speed. In the subsequent period of 
state-led industrialisation (1958-1974), the quality of the machines was deteriorating, 
specifically with respect to paper machine width, while the speed of the installed PMs 
remained very low relative to the world technology frontier. Overall, lndonesia was falling 
bebind world best practice as measured by the average MACH. 

During ISI (1974-1984) the industry gained dynamism and some signs of catch up 

become visible. This is most clear for the width-based MACH, which increases by more than 
I 0 percentage points, but less evident for the speed-based MACH. Despite the installation of a 
large number ofnew PMs (Figure 7.5), PMs installed were initially slower thansome ofthe 
equipment installed earlier, illustrated by the U-shaped pattem during this period. The 
database shows that most machines during ISI were second hand or produced by Taiwanese 
manufacturers, which have specialised in the manufacturing of less-advanced equipment for 
the Asian market. Throughout the EOI phase (1984-1997), the industry started to catch up 
rapidly. Both the speed and width index are moving upward swiftly, caused by investment in 
state-of-the-art equipment. Many of the new machines were manufactured by Beloit
Mitsubishi, Voith Sultzer or Valmet/Metso and are similar to or even more sophisticated than 
the equipment used by Finnish producers, which can be considered the technological leaders 
in pulp and paper manufacturing (Lehtoranta, 1994; Rudd, 1999). On average, the 
technologieallevel oflndonesian PMs is around 55 percent ofworld best practice at the end 
ofthe 1990s. During the period of crisis and reform (1997-2000), only a few new PMs were 
installed and catch up stagnated. 

7.3.2 Micro-level Varlation in Technological Performance 

In this and the subsequent section, I will go beyond the aggregate figures and investigate 
technology ditfusion and adoption at the micro level. First the distribution of the machine
level index (mach) is analysedover time. Figure 7.6 depiets a three dimensional diagram of 
the kemel density for average mach from 1977 till2000 and Figure 7.7 present kemel density 
plots for 1978, 1984 and 2000, basedon 31, 72 and 133 PMs, respectively.5 Before 1977, the 
number of PMs is insufficient to estimate meaningful kemel densities. The graphs show a 
trend from a more-or-less unimodal distribution around a mach value of about 25 percent in 
1977, towards a dual structure with peaks around 25 and 70 percent, which started to emerge 
at the outset of the expansion phase in 1984 and became even more pronounced in 2000.6 

5 A kemel density plot can be regarded as smoothed version of a histogram generated using non-parametrie 
analysis (Silverman, 1986; Pagan and Ullah, 1999). This technique is now increasingly used in economics to 
investigate changes in distribution (e.g. Quab, 1995). I have used the standard oommand for kemel density in 
STA TA 7.0, assuming optima! width and an Epanechnikov kemel function (StataCorp, 2001). Plots using the 
speed or width-based mach are very similar. 
6 The kemel density plots show unweighted densities. As a referee suggested, it would be interesting to look at 

weighted density plots as well. Unfurtunately, I do not have data on market shares (the optima! weighting 
variable) at the individual machine level, which would be necessary for such an exercise. However, as the most 
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This confirms the descriptive evidence throughout ISI investment was mainiy in outdated and 

second hand technoiogy, whiie during EOI some companies adopted state-of-the-art 

machinery. It also qualifies Figure 7.5 by showing that technological catch up has not been an 
industry wide pattem but, in fact, only a few modem PMs have pusbed MACH upwards. 
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Figure 7.6: 3D Kernel Density Plot of Average mach, 1977-2000 
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sophisticated machines tend to have a relative high capacity and tlterefure produce most paper, it seems likely 
that tlte dua1 structure would be more pronounced in weighted kemel density plots. 
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Figure 7.7: Kernel Density Plots of Average mach, Selected Years 

0.08 

0.07 

0.06 

0.05 

1i' 
~ 0.04 

0.03 

0.02 

0.01 

0 
0% 10% 20% 30o/o 40% 50"A. 60% 70% 80% 90% 100% 

MACH 

1--1977 ~1984 -20oo 1 

Source: Own computations. 

7.3.3 Ownersbip, Industrial Policy and Tecbnology Adoption 

The distributional analysis indicates the emergence of a techno-dualistic structure in which 
only a few plants are responsible for catch up. In this section, I will investigate the relation 
between ownership structure, industrial policy and technology adoption in the Indonesian 
pulp and paper industry. Three ownership structures can be distinguished: conglomerates, 
public mills and independently operating companies. Except for the first three PMs installed 
in Indonesia by the Dutch producer, there have been no foreign companies active in the 
market (see Chapter 5). 

For two reasoos I expect that conglomerate-affiliated producers will adopt more 
advanced equipment than the other two types of companies. First, business groups are better 
capable to finance the modern large-scale pulp and paper mills than independently operating 
firms. Because of their size, they can raise substantial amounts of funding in the national or 

international capital markets to finance modern equipment. This is even facilitated by the fact 
that most large Indonesian conglomerates own their own bank. In addition, familiarity with 
the execution of large investment projects, presence of internat engineering departments and 
experience in dealing with international equipment vendors also contributes to their 
advantage. Second, lt is well known that most of the businessmen heading the large business 
groups were welt connected with the Suharto family (Maclntyre, 1994; Schwartz, 1999).7 

7 The most notorious example is probably Mohammad 'Bob' Hasan, a long time business associate of Suharto, 
who even became minister of economie affairs in 1998 (Barr, 1998). Kiani Kertas, one of the largest pulp mi1ls 
in Indonesia, owned by Hasan's Kalimanis group, was able to secure at least US$ 400 million in state subsidies 
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Hence, these companies were in a much better condition to get access to the wide range of 

subsidies offered by the government as part ofthe EOI policy. 

It has notbeen possible to analyse the influence offirm characteristics, such as size or 
age on technology adoption because the installation of new PMs often coincides with the 

start-up of the mill itself. In our sample, this was the case for 69 out of the total 163 PMs 

installed. Figure 7.8 plots the average mach at the moment the machine was installed, by 

ownership structure. The three PMs installed during colonial industrialisation by the Dutch 

paper producer are considered conglomerate-owned mills. In 1977, Sinar Mas was the first 
conglomerate to move into paper manufacturing by installing two second-hand Taiwanese 

PMs at its Tjiwi Kimia eaustic soda plant (Pappens, 1993). Durlog the ISI and EOI phases a 

wide range of machines were installed. However, the tigure shows that it were predominantly 
the business groups which purchased PMs close to the technology frontier and independent 

companies, which installed outdated technology. The technological sophistication of the 
public PMs is mixed. During state-led industrialisation, the PMs installed by government 

owned mills were obsolete and after 1975 three ofthe five new PMs installed by government 

owned paper mills had mach Iower than 50 percent, whereas two others exhibit a mach of 

over 60 percent. 

Figure 7.8: Average mach at Time ofPM Installation by Ownership, 1923-2000 
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excluding additional tax holidays and large wood concessions (Barr, 2001). Currendy Bob Hasan is in jail on 
allegations of corruption. 
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Figure 7.8 suggests that the conglomerate-owned producers are likely to be responsible for 

the emergence of the right-hand peak in the dual distribution found before. I estimate the 

following equation to test the relationship between mach, ownership and industrial regime 

more thoroughly. 

mac~, =Po+ P/NI;, + P2DNEWSu + P3DBOARD11 + P4DTISS11 + P5DSPEC,, + 
P6DCONil + P1DPUB,, + (6.3) 

P8Dl + P9Dll + PwDIV + P11DV 

As mach is a fractional variable, bounded between zero and one, directly using it in ordinary 

least squares estimation would introduce a bias. To solve for the boundary problem I apply 

the logistic transformation (ln(mach/(1-mach)) to make mach continuous (Ramanathan, 

1989). Two PMs are dropped from the analysis because their speed or width mach equals one 

(i.e. they are located at the frontier) and, thus, the transformation cannot by applied. The 

independent variables in equation (6.3) can be divided into three groups: 

•!• DINT, DNEWS, DBOARD, DTJSS, and DSPEC are control variables for integrated mills 

(including pulping facility), newsprint, board, tissue and specialty machines, respectively. 
Printing and writing machines form the control group. 

•!• DCON and DPUB are ownership dummies for conglomerate and independent mills. The 

control group is independent mills. 

•!• Dl, DIJ, DIV, and DV are dummies corresponding to the following four industrial 

regimes: colonial industrialisation (1923-1958), state-led industrialisation (1959-1974), 

EOI (1984-1997) and crisis and reform (1998-2000). ISI (1975-1983) is the reference 

period. They can be regarded as indicators for the specitic industrial policies underlying 
eachphase. 

Table 7.1 summarises the results for the speed and width based mach respectively, using 

various combinations of independent variables. The results are in conformity with prior 
expectations. DCON is highly significant and positive in models including and excluding 

period dummies, indicating that irrespective of the period and, hence, industrial policy, it 

have been the large business groups which were able to adopt large and sophisticated process 

technology. Public firms have on average installed PMs of similar sophistication than 

purchased by independently operating paper producers. The period dummies indicate some 

relationship between technology adoption and in dustrial policy. The insignificant values for 

DI and DIJ indicate that the ISI policy did not result in the instaBation of relatively more 
advanced equipment in comparison with the two previous industrial policy regimes. The 

rapid catch up in technology during EOI, which continued even just after the crisis, is 

confirmed by the highly significant and positive values for DIV and DV. 
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Table 7.1: Speed and Width ltUlch Estimation 

Speedmach Widthmach 

A B c D A B c D 
CONSTANT -1.36*** -2.16*** -2.26*** -2.66*** -0.61*** -0.97*** -1.07*** -1.25*** 

(-5.41) (-8.26) (-9.22) (-11.26) (-4.79) (-7.57) (-9.18) (-11.13) 

DlNT 0.49 0.35 0.68** 0.65** 0.44** 0.53*** 0.42*** 0.46*** 

(1.48) (1.07) (2.25) (2.07) (2.59) (3.36) (2.93) (3.16) 

DNEWS 1.57** 1.06 0.42 0.16 0.77* 0.57 0.29 0.20 

(2.00) (1.51) (0.63) (0.26) (194) (1.66) (0.93) (0.69) 

DBOARD 0.02 0.68** -0.11 0.35 0.18 0.42*** 0.16 0.35*** 
(0.08} (2.24) (-0.42) (1.34) (UI) (2.85} (1.25} (2.82} 

DTISS 0.20 0.56 -0.37 -0.03 0.34 0.51** 0.05 0.21 
(0.34) (1.10} (-0.77) (-0.08) (1.14) (2.01) (0.20) (1.01) 

DSPEC -0.56 -0.32 -1.27** -0.98** -0.37 -0.23 -0.82*** -0.67*** 

(-0.87) (-0.56) (-2.37) (-1.99) (-1.13) (-0.84) (-3.21) (·2.89) 

DCON 2.09*** 1.64*** 1.04*** 0.77*** 
(6.18) (5.34) (6.40) (5.38) 

DPUB 0.42 0.40 -0.40 -0.02 

(0.81) (0.65) (-1.49) (-0,07) 

DI -0.41 -1.62* 0.38 -0.25 

(-0.48) (-1.95) (0.91) (-0.64) 

Dil 0.26 0.18 -0.22 -0.11 
(0.49) (0.28) (-0.84) (-0.33) 

DIV 2.02*** 1.61*** 0.94*** 0.75*** 

(7.77) (6.50) (7.67) (6.39) 

DV 2.19*** 1.62*** 1.86*** 1.55*•• 

(3.93) (3.06) (7.03) (6.20) 

N 138 138 138 138 140 140 140 140 

adj. R2 0.02 0.23 0.35 0.46 0.06 0.32 0.46 0.55 

Note: *** significant at 1 percent level; ** significant at 5 percent level; • significant at 10 percent level. 

7.4 Conclusions 

This chapter deals with embodied technical change in the Indonesian pulpand paper industry. 
It analyses the diffusion of PMs - the core technology used in paper manufacturing. The 
chapter makes both methodological and substantive contributions. 

At the methodological level, I argue that conventional methods focusing on the 
diffusion and adaptation of new technologies are not appropriate in process industries, where 
technical change is largely incremental. As an altemative, I have developed an machine index 
(mach), which measures the technological distance of each PM to the world technological 
frontier. In this way, it is possible to oompare the technological content of PMs over time and 
space. This index could be used to analyse embodied technica! change in other process 
industries, such as blast furnaces, cement kilns or petrochemical industries. 

The documented trends in the industry-level machine index suggest that industrial 
policy bas played an important role inthespeed and nature of diffusion of paper machinery in 
Indonesia. The first PMs, installed by the Dutch in the colonial period were of reasonable 
quality. During the state-led and ISI periods relatively less advanced equipment was adopted, 
in the form of second-hand machinery or machinery produced in Taiwan. At the end of the 
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ISI period and in particular during the expansion phase, the lndonesian paper making industry 

experienced rapid technological catch up. This catch up was spurred by the instaBation of a 

number of state-of-the-art PMs manufactured by teading PM suppliers. 
Investigation of the spread of mach at the machine level points to the emergence of 

dual technological structure. The analysis indicates that conglomerate owned mills adopted 

advanced PMs close to the technological frontier, while independent and publicly owned 

mills have installed obsolete equipment. Embodied technological catch up in paper making 

has therefore been a highly polarised phenomenon, limited to only a few firms, which had the 
finance and capabilities to large-scale modern machinery. These findings are in line with the 

theory on industrial dynamics in developing countries summarised in Chapter 2, which 

argues that preferential access to government subsidies, niche markets, and abundant Iabour 

and scarce capita!, result in dualistic market structures. 
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Are Indonesian Paper Mills 
Approaching World Best Practice? 

In the previous chapter, I looked at the diffusion and adoption of capital equipment in the 
Indonesian pulp and paper industry. However, capital accumulation is only one element in 

the process of technological catch·up. At least as important is whether, and to what extent, 
machinery is used efficiently. One way of exploring this is tolook at long·run trends in the 
level of productivity vis-à-vis world best practice (Dollar and Wolff, 1993; Timmer, 2000). 
Relative performance can be considered as an indicator for the size of the technology gap 
and, hence, the scope for catch up. 

Most of the studies using this approach have been conducted at the national or 
industry level. This work has provided important insights on the sourees of technological 
leadership, such as the role of structural change, technological advance, capita! intensity and 
total factor productivity. However, due to its relative high level of aggregation it cannot say 
much about the micro dynamics of catch up. For this, one needs detailed cross·country 
comparisons of plants or firms producing simHar outputs, which are relatively scarce. In this 
respect, probably the most comprehensive study has been commissioned by the McKinsey 
Global Institute (Baily and Gersbach, 1995; Baily and Solow, 2001). lt covers a relatively 
large number of countries and industries, even including other than manufacturing sectors 
such as retailing, telecom and construction. Another extensive research project dealing with 
international comparisons of productivity at the micro-level, are the match-plant studies, 
initiated by the N ational Productivity institute (e.g. Mason et al., 1994; Ritehens et al., 1995; 
Mason and Finegold, 1997). Lastly, Pack (1987), who studies total factor productivity of 
Kenyan and Philippine textile mills relative to the UK, is one ofthe few studies looking at the 
performance gap between establishments in industrialised and developing countries. 1 

A major shortcoming of the existing micro studies of comparative productivity is their 
limited coverage. Most of them are very detailed case studies of only a few plants, which 
implies that results might not be statistically representative. In addition, often only one year is 
covered and therefore not much can be said about the process of catch up, which is per 

1 The McKinsey studies also include Korea and Brazil (see Baily and Zitzewitz (1998)). 
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defmition a dynamic phenomenon. An interesting exception to this critique is a recent study 
by Rattori (2002), on the relative performance of the US and Japanese electricity utilities for 

the period 1982-1997, wbich shows many similarities with the approach taken here. One way 
to overcome the problem of coverage is to use longitudinal micro-level datasets (LMD), 

which are based on the national manufacturing censes. The advantages are obvious. 

Manufacturing surveys are generally conducted frequently and have almost full coverage or 

include at least the medium and large-scale industry. Further, they comprise a wide range of 

economie variables, which are by and large comparable through time. Finally, using 
manufacturing censes for international comparisons of productivity at the micro-Ievel would 

establish a strong link with sirnilar studies at more aggregate levels, which often use the same 

data. 
lncreasingly, statistica! offices all over the world have established LMDs for research 

purposes, which, in turn, have resulted in a dramatic increase in micro-level productivity 

research. Recent papers by Bartelsman and Doms (2000), and Tybout (2000) provide 

excellent overviews of such studies for rich and poor countries, respectively. A problem with 

LMDs is that accessis both difficult and costly. This is probably the reason why, tothebest 
of my knowied ge, such data have not yet been used for cross country productivity research? 

In this chapter I will provide a first attempt to make an international comparison of 
performance at the micro level using manufacturing census based LMDs for the Indonesian 

and Finnish pulp and paper industry. Finland was chosen as the benchmark country because 

it can he considered the technological leader in pulp and paper manufacturing in the world 

(see Chapter 3). The analysis in this chapter combines elements of the existing macro- and 
micro-productivity research, listed above. In order to make output oomparabie across 

countries, I construct sector specific conversion factors, which are usually used to compare 
international output and productivity at more aggregate levels of analysis. Plant level 

performance is measured by teehoical efficiency, using stochastic frontier analysis. This type 

of analysis seems exceptionally suited for international cornparisons at the micro level where 

one is interested in identizying the distance to the global frontier? 

Although the emphasis will he on catch up at the industry level, productivity 
comparisons are built from the bottorn up, using a combined Indonesian-Finnish LMD for 
pulp and paper manufacturing. To eosure meaningful comparisons of productivity across time 

and space, plants have been minutely selected to form a narrowly defined industry. Given its 

deliberate focus on long-run relative industry performance, this study pays necessarily less 

attention to the explanation of individual plant-level performance as has been done for 

instanee in the more case-study orientated work of Pack. Instead, the emphasis will be on 
investigating firm level dynamics of catching up, trying to answer questions like: What is the 

distribution ofleading and lagging mils over time? Are all plants producing relatively close to 

2 Barnes and Haskel (2002) and Roberts and Tybout (1996) present LMD based productivity figures for various 
countries. However, their analyses are limited to the comparison of aggregate numbers. No attempt was made to 
merge LMDs for direct micro-level comparisons ofproductivity. 
3 A1so see Färe et al. (1994) and Kumar and Russen (2002) for international comparisons at the macro level 
using frontier analysis. 
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the technological frontier or are some forging ahead while others are falling bebind? And, 
what is the role of entry and exit on catch up? Finally, I will statistically investigate the 
causes of the productivity gap between Indonesian and Finnish plants. The industrial 
environment in developing countries differs considerably from that in developed countries 
(Chapter 2). Therefore this is it also expected to be an important cause of differences in 
performance between Finnish and Indonesian paper plants. I distinguish between gencric 
country effects and firm specific factors. 

8.1 Construction of Comparable Input and Outpot Data 

International comparisons of productivity require that inputs and outputs are comparable 
across countries.4 In this respect, three issues are ofparticular importance to the analysis bere: 
(1) expressing values in a common currency, (2) data sourees and coverage, and (3) 
standardisation of input and output definitions. These are discussed next. 

8.1.1 Curreney Conversion 

Level comparisons of international output and productivity require a conversion factor to 
express values in the same currency. Exchange rates are not suited because they are often 
influenced by other factors than trade, such as political reasons, capita! movements and 
speculation. Furthermore, they reflect the relative price levels of all tradable goods and are 
thus less appropriate for industry-specific conversions. A better alternative is the industry-of
origin approach, which bas been applied and refined in the ICOP project. In this approach, 
sectoral specific unit value ratios (UVRs) are derived using producer output data (Szirmai 
and Pilat, 1990; Timmer, 2000; Van Dijk, 2003). Ideally, one would like to oompare producer 
prices across countries but, unfortunately, these are mostly not available. As an altemative, 
one can use unit values (uv) based on quantity and value data of product or product groups 
instead. A product group is made up of goods with roughly similar characteristics, like 
carpets and rugs, car tyres, wines or sport shoes. The unit value can be regarded as the 
average ex-factory price of a product or product group in a given year. lt is defined as: 

(8.1) 

where o is output value and q the quantity of goods produced. To derive industry specific 
UVRs of matebed products between two countries (i.e. similar products or product groups, 
produced in both countries), in this case Indonesia (I) and Finland (F), is computed: 

(8.2) 

4 See Van Ark (1996) for an overview of measurement issues with respect to international comparisons of 
productivity. 
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Finally, using output values as weights, UVRs are aggregated to provide industry specific 

conversion factors. 

Table 8.1 presents Finnish-Indonesian UVRs for the pulp and paper industry for the 

benchmark year 1995. Figures are for 1995 because it was the only recent year for which data 

on both countries was available. This year can be considered representative for the production 

structure as in this period the lndonesian pulp and paper industry was already well established 

and both pulp and paper were produced and exported. For lndonesia, product data is taken 

from the manufacturing census (Statistik Industri, SI) and total industry output is directly 

obtained from the pulp and paper LMD, described in Chapter 4. The souree for the Finnish 

quantity and value data is Europroms, which, in turn, takes its data from national 

manufacturing censes. Output data is obtained from the longitudinal data on plants in Finnish 

manufacturing. 

Although only five product groups are matched, coverage for Indonesian pulp and 

paper is 45 percent and the coverage ratio for Finland is 38 percent. Such discrepancies in 

coverage, which also have been found in other international comparisons between rich and 

poor countries, have to do with ditierences in production structure (Timmer, 2000). Poor 

countries tend to specialise in homogeneaus low-quality and low value added products while 

rich countries produce relatively more products in the higher valued added segment, which 

cannot be matched. For example, Indonesia manufactures mainly wood free paper and 

boards, while Finland is now increasingly moving to specialty papers in whicb it still bas a 

comparative advantage (Chapter 3).5 Consequently, product UVRs are probably biased 

downwards and therefore the productivity measures have to be considered as upper bounds. 

The matchings in Table 8.1 seem to be consistent across the sample, except for kraft 

paper. For lndonesia, the unit price is very low, while the opposite is true for Finland. Given 

that kraft paper uses recycled paper as main input, and waste paper collection is much less 

developed in Indonesia than in Finland, unit values are tbe opposite to what one would 

expect. To validate the results, Table 8.1 also presents international prices for similar paper 

products. The comparison is indicative only because trade prices still include transport 

margins, indirect subsidies and taxes, while unit values are ex factory. Even so, both price 

measures are expected to be highly correlated across goods. For Finland, trade prices are 

slightly higher than corresponding unit values, whereas the difference is much more 

substantial for Indonesia. 

5 Another potential problem, which also causes a downward bias in the UVRs are quality differences between 
Finnish and Indonesian pulp and paper. However, as both goods are very simple and homogeneous products, 
this distortion is probably not serious. 



Table 8.1: lndonesia/Finland Pulpand Paper Product Matchings, 1995 

Unitvalue 
(local currency) 

Finland lndonesia 
(Markkalton) (000 Rupiah/ton) 

Pulp 3,125 715 
Newsprint 2,925 1,152 
Sackkraft 3,615 1,118 
Kraftpaper 4,675 210 
Woodfree• 4,480 1,198 

TotaVA verage 1 3,435 1,017 

Note: • Exchange rate is 4.37 (Markka!US$). 
b Exchangerateis 2248.61 (Rupiah!US$). 

Matched output 
as % of total gross 

value of output 

Finland lndonesia 

20 12 
5 2 

2 
4 I 

12 30 

38 45 

Unitvalue International UVR1 

(US$/ton) Pricec (rupiah/m.arkka) 
(US$/ton) 

Finlamf' lndonesitl 

716 318 883 229 
670 512 693 394 
828 497 309 

1,071 94 558 45 
1,026 533 1,069 267 

786 453 264 

c International prices are short fibre pulp; newsprint ( 49 g. ); Kraftliner and uncoated wood free paper ( 60 g. ), respectively. International sack kraft price is not available. 
dRelative price level is defined as the UVR divided by the exchange rate (514.94 Rupiah/Markka) times 100. 
• Includes coated and uncoated wood ftee paper. 
f Fischer index, defined as the geometrie average ofLaspeyres (Finnish weights) and Paasche (Indonesian weights) indices 
8 Excludes kraft paper; Numbers may not add up due to rounding. 

Relative 
price level 

(Indonesia/Finlandl 

44 
76 
60 
9 

52 

51 

Source: Own computations based on: Fiunisb product listings ftom Eurostat, European productian and market stalistics (Europroms), 2001; Finnish pulpand paper output data (ISIC 34ll) 
ftom Statistics Finland, Longitudinal Data on Plantsin Finnish Mamgacturing, 2003; Indonesian product listings ftom BPS, Stalistik Industri, Bagian Ilffi, 1995; Indonesian output data from 
pulpand paper industry LMD; exchange rates from Heston et al., Penn World Table Version 6.1, 2001 and; international paper prices from Pulpand Paper International, International Fact & 
Price Book, 1995. 
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This is especially so for pulp and fine paper, reflecting the availability of cheap wood 

resources in Indonesia. Again, the figure for kraft paper sticks out as being implausible.6 I 

therefore decided not to include the match in the computation of the final industry UVR, 
which is 264 Rupiah!Markka. With a relative price level, defmed as the ratio between UVR 
and exchange rate, of 51 percent, pulp and paper produced in Indonesia is relatively much 

cheaper than in Finland. 

Figure 8.1: UVR, Exchange Ra te and Relative Price Level Trends, 1975-2000 
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Source: UVRs from Table 8.1, extrapolated with wood free price index from Chapter 4 for Indonesia and with 
pulp and paper industry index (ISIC 341) from Stansties Finland for Finland Exchange rates from Heston et al., 
Penn WorldTable Version 6.1,2001. 

It would be interesting to investigate relative price trends over time to see iflndonesia's price 

competitiveness bas been a persistent or recent phenomenon. Using industry specific price 

indices for both countries, the aggregate industry UVR can be extrapolated over time. For 
Finland a three-digit price index for the pulp and paper industry was provided by Statistics 

Finland. Unfortunately, the Indonesian statistical office does not construct specific price 

index series for pulp and paper manufacturing and therefore an index based on price series 
for wood free paper was used instead (see Chapter 4). Figure 8.1 depiets the extrapolated 

UVR, the exchange rate and the relative price level for the period 1975-2000. It shows that 

the relative price level follows a movement along a downward trend from about 70 percent at 

6 The divergent results for kraft paper are probably caused by the converter used to express quantity values in 
the sameunitacross countries. Finnish kraft paper figures are expressed in tounes, while Indonesian numbers 
are presented in reams (500 sheets). Lack of information on the basis weight of an average kraft paper sheet in 
Indones ia makes conversion problematic. 
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the beginning of the import substituting industrialisation (ISI) (1975-1984) till about 50 
percent around the end of the export oriented industrialisation (EOI) (1984-1997). In 1997, 

the Asian crisis caused a massive depreciation of the Rupiah exchange rate. Relative prices 
feil to only 38 percent boosting the exports of Indonesian pulp and paper producers (Chapter 

5). Lately. the exchange rate and relative price seem to be reeavering somewhat. though by 
far not reaching pre-crisis levels. 

8.1.2 Micro-Data Sourees and Coverage 

The main data souree for Indonesia is the pulp and paper LMD described in Chapter 4. 

Information for Finnish pulp and paper mills is taken ftom the longitudinal data on plants in 

Finnish manufacturing constructed by Statistics Finland. It is hased on annual manufacturing 

surveys, which have been conducted in Finland since 1974.7 Before the Indonesian and 
Finnish data can be compared, they need to be standardised. There are not yet any clear 

international guidelines for industrial censes and, therefore, each country has a tendency to 

use its OWn definitions, concepts and classifications. A possible problem is the unit of 

analysis in the manufacturing census. Fortunately both the Finnish and Indonesian surveys 
are based on plants (as opposed to firms) and can therefore be directly compared. Further, 

industrial surveys may vary in terms of coverage. For example, the Indonesian census 

excludes establishments with less than 20 employees, whereas the Finnish census 
encompassed all plants owned by firms that employ no less than 20 persons till 1995. Since 

then. the coverage has been changed to include all plants owned by firms that employ no less 

then 20 persons. For international comparisons of productivity at the industry or national 
level, such ditTerences in coverage can be probiernatie (Timmer, 2000). In developing 

countries, small-scale and cottage sectors make up a large share of manufacturing. Exclusion 

of these industries, which operate at relative low levels of performance, might create an 
upward bias in aggregate productivity. 

For this study discrepancies in coverage between the Finnish and Indonesian 

manufacturing census were not a problem. A meticulous comparison with secondary data 

sourees makes that the coverage of the Indonesian pulp and paper LMD is almost 100 percent 
and therefore can be considered representative for the total pulp and paper manufacturing 

sector (see Chapter 4). A similar procedure was used to select Finnish pulp and paper mills. I 

screened annual issues of the Philips International Paper Directory and Philips Paper Trade 

Directory to draft a list of all Finnish pulpand paper mills in operation between 1975 and 
1997. This list was subsequently linked with the longitudinal data on plants in Finnish 

manufacturing by Statistics Finland to construct a Finnish pulp and paper LMD, comparable 

to the Indonesian dataset. The Finnish database contains information on about 31 Finnish 

paper mills (the panel is almost balanced), which represent on average 76 percent of total 

7 See Appendix 2 in Maliranta (2003) for a more elaborate description of the longitudinal data on plants in 
Finnish manufilcturing. 



120 Chapter8 

pulpand paper capacity installed in Finland.8 Finally, the data for Indonesia and Finland have 
been pooled to create a database suited for comparative productivity analysis. I decided to 
exclude 'pure' pulp mills from the sample because they cannot directly be compared with 
paper mills. lntegrated mills, however, are still included. 

8.1.3 Standardisation of Inputs and Outputs 

For international comparisons ofproductivity, it is also important that inputs and outputs are 
consistently defined across countries. In the statistical analysis below I consider only two 
inputs, capital and Iabour, and one output, gross value added. In most tirm-Ievel productivity 
studies, gross output is used as output measure instead of value added. This is the preferabie 
concept in micro-studies because shifts in the use of intermediates relative to capital and 
Iabour over time might create a bias in value added based estimates of productivity (Baily, 
1986). Regrettably, due to problems with the survey methodology, reliable data on 
intermediates are unavailable for Indonesia befare 1990 (see Chapter 4). Moreover, 
international comparison of energy and raw materlafs requires the construction of a large 
number of additional UVRs, which bas notbeen attempted bere. Forthese reasons, I have 
chosen to exclude intermediates from the analysis and use value added as the output concept. 
Nevertheless productivity estimation on the basis of all inputs is recommended in theory and 
would be a desirabie target for future research. 

It was relatively easy to harmonise value added across the two countries. Sometimes, 
the definition of value added poses a problem in international comparisons of productivity 
because it may either include (census concept) or exclude (national accounts concept) non
industrial service inputs (Ark, 1993). Here I use the latter because this is the definition 
applied in the Indonesian industrial census, while the Finnish survey presents series for both 
concepts. To make value added comparable between Indonesia and Finland, it has first 
expressed in constant 1995 prices using the industry deflators discussed above. The industry 
UVR is then applied to convert Indonesian values in Markka's. Here an important caveat 
should be mentioned. Due to the lack of firm-specific prices, quantity and price effects are to 
a eertaio degree entangled (Tybout, 2000; Bartelsman and Doms, 2000; Katayama et al., 
2003). This implies that price-cost mark-ups of monopolists will be mistaken for higher 
productivity. Such bias might be serious in a segmented market such as the Indonesian pulp 
and paper industry. A way of circumventing this problem would be to take production in 
tonnes of paper as output measure. Unfortunately this data was not available for Finland. 
Furthermore, such an output measure would also require the use of intermediates on the input 
side, which are, as just mentioned, also not available. 

The standardisation of Iabour and capital also provided no problem. For both Finland 
and Indonesia, Iabour is defined as total people employed, including self-employed and 
unpaid family workers for both countries. Capital in both countries is approximated by total 

8 Seoondary data on capacity ofFinnish pulp and paper mills was linked with the longitudinal data on plants in 
Finnish manufacturing through address infurmation. Due to missing or conflicting data the matching was less 
than 100 percent. 
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pulp and paper capacity installed. As explained in Chapter 4, given the Jack of international 
comparable information on asset lifetimes, retirement pattems and investment data, this 
measure is favoured above hook value of capital or perpetual inventory metbod (PIM) based 
on capita! stock estimates, which are more common in plant-level productivity studies. 
Capacity for Finnish pulp and paper mills was obtained from annual issues of the Philips 

International Paper Directory and PhilipsPaper Trade Directory. 

8.2 Econometrie Model 

In this study I use frontier analysis, which is the standard practice to estirnate plant- or firm
level performance, to investigate the performance of Indonesian paper mills relative to 
international best practice. In this type of analysis, a frontier production function, which 
de:fines the outer boundary of input-output combinations for any set of observations, is 
constructed. Firms are defined as technically e:fficient if they are producing at the best
practice frontier (Coelli et al., 1998). All plants eperating below the frontierare considered 
technically ine:fficient because their output faits short of what could have been produced, 
given the inputs used. 

There are two methods for estimating the production frontier, a parametrie approach. 
using a stochastic frontier and a non-parametrie approach or data envelopment analysis 
(DEA). The differences between the two techniques are the assumptions they make regarding 
the structure of the production technology and the metbod used to model the frontier. 
Stochastic frontiers are estimated by econometrie methods, while DEA involves linear 
programrning. Each methodology bas its own roerits and drawbacks. The main advantage of 
stochastic frontier estimation is that it makes an allowance for shocks and statistica! errors. 
DEA does not incorporate this feature. Therefore it is very sensitive to outHers or data entry 
errors. Furthermore, stochastic frontier analysis can directly be used to conduct conventional 
tests of hypotheses, which is not possible with DEA. Disadvantages of stochastic frontier 
analysis are that assumptions need to be made about the production function, e.g. Cobb
Douglas or translog. It is also not suited to handle multiple outputs and inputs simultaneously. 

In this study, I have chosen to apply stochastic frontier analysis to analyse the 
technical efficiency of pulp and paper mills over time and between countries. From the 
previous chapters, it bas become clear that the Indonesian pulp and paper industry can be 
characterised by a dual economie structure, composed of widely diverging plants. A 
technique that is less sensitive to extreme values seems therefore more appropriate. I use the 
econometrie model proposed by Battese and Coelli (1995), which bas been frequently applied 
in other studies (Audibert, 1997; Lusigi and Thirtle, 1997; Lundvall and Battese, 2000). This 
model allows for a separate investigation of both shifts in best practice production and 
analysis oftechnical efficiency ofproduction, i.e. the distance to the frontier. In the study, the 
production function is defined as: 

In Y;, =Po+ fJ01DINI;, + /J02DBOARD11 + fJ0pNEWS;1 + /J04DTISS11 

3 3 3 

+ PosDSPECu + LfJixJtt + LLfJ;kXJttxklt +vu -ut, 
(8.3) 

]=1 JS k=J 
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where the subscripts i and t represent the i-th plant (i=l,2, ... N, where N is the number of 

plantsin the sample) and the t-th year of observation (t=l,2, M, corresponding with 1975 to 

1997), respectively; 

In Y represents the naturallogarithm of gross value added at constant prices; 

DINT is a dummy for integrated pulp and paper mills, which bas a value of one if the mill 

produces both pulpand paper, and zero when only paper is produced; 

DBOARD, DNEWS, DTISS and DSPEC are dummy variables for board. newsprint, tissue and 

specialty mills, respectively, to control for the possible effect of output mix ditierences in 

production technology across paper plants (see Chapter 4). Printing and writing mills forrn 

the control group. 

XI represents the naturallogarithm of capital stock (K), approximated by total pulpand paper 

capacity installed; 

x2 represents the natural logarithm of Iabour input (L), measured as number of persons 

engaged; 

X3 represents a time variabie (T), which is related to the shift ofthe :frontier; 

vu is assumed to be independent and identically distributed as normal random variabie with 

mean zero and varianee u;, independent of u1; 

uu is assumed to be the non-negative truncation of a normal distribution. It is restricted to be 

non-negative to ensure that plants' production point lies beneath the :frontier. 

Equation (8.3) is a translog production function, which is a general functional form 

incorporating other specifications of production functions, depending on the assumed 

restrictions ofthe parameters (Jorgenson, l995a; Jorgenson, 1995b). Ifthe coefficients ofthe 

second-order terms are zero (i.e. flJk = 0, j ~ k 1, ... 3), equation (8.3) becomes a Cobb

Douglas production :frontier. The first part of the equation defines the production :frontier, 

while deviations :from it are measured by the two error terms. vu catches the effects of random 

shocks and statistical noise, and u; is associated with the teehuical inefficiency. Technical 

efficiency of the i-th establishment in the t-th year is measured as the ratio of the observed 

outputto the stochastic :frontier output and computed as teu=exp(-u1,). 

To detect underlying causes of ditierences in estimated technical inefficiency between 

plants, Battese and Coelli express technical inefficiency as a function of possible explanatory 

variables and a random error term. For this study, the technical inefficiency model becomes9
: 

u11 = o0 + o1AGEu + o2SIZE11 + o3YEAR; + o4DINDO; 

+o5(DINDO;xDPUBu)+o6(DINDO;xDCON1,)+o1(DINDO;xAGEu) (8.4) 

+ o8 (DIN DO; x SIZEu) + o9 (DINDO; x YEAR;) + w11 

9 Utt is a measure ofthe degree ofinefficiency. The higher u1h the lower the degree ofteclmical efficiency te11 



Are Indonesfan Paper Mills Approaching World Best Practice? 123 

where, wit is defined as the truncation of the normal distribution with zero mean and varianee 

u; such that Wit is non-negative. AGE and YEAR are control variables standard included in 

production analyses using panel data. SIZE, measured by annual output in million markka. is 

added to capture the influence of plant scale on efficiency. DINDO is a dummy for mills 

located in Indonesia. The other variables in the inefficiency model are cross dummies to 

analyse country specific effects of AGE, SIZE and YEAR on teclmical inefficiency. In 

addition, analogue to the analysis in previous chapters, I examine the effect of ownership 

structure by adding dummies for public (DPUB) and conglomerate owned mills (DCON). 
Equation (8.3) and (8.4) are estimated simultaneously by maximum likelibood estimation, 

using FRONTIER 4.1, a program for stochastic frontier analysis developed by Coelli (1996). 

8.3 Empirica} Analysis 

8.3.1 E:xploratory Analysis 

Before I start with the estimation of teclmical efficiency at the firm level, it is interesting to 

briefly explore the raw data of Finland and Indonesia. Figure 8.2 depiets value added per 

person ofthe Indonesian pulpand paper industry vis-à-vis Finland for the period 1975-1997. 

This is the type of analysis commonly used by aggregate studies to investigate patterns of 

catching-up or falling bebind. It provides a natura! starting point for the microanalysis 

pursued bere because the figure represents both aggregate industry level Iabour productivity 

and average plant level productivity, using Iabour shares as weights.10 

The graph corresponds relatively well with historica! development of the industry, 

outlined in previous chapters. During ISI relative performance is decreasing from about 25 

percent to an all time low of 12 percent. The EOI period is characterised by catching up till a 

level of more than 30 percent in 1997. A striking feature of the Iabour productivity trend is 

the sharp decline in performance between 1991 and 1995, which coincides with the periods 

of 'boom and bust' in the global pulp and paper industry (see Chapter 3). On the one hand, 

this pattem might be caused by measurement error. If for instanee the Finnish industry 

deflator does not adequately capture the cyclical behaviour of the industry, Finnish 

performance will be overestimated and relative Indonesian Iabour productivity 

underestimated. On the other hand, also a real increase ( deterioration) in Finnish (Indonesian) 

performance might have played a role. 

Figure 8.3 gives a limited picture of catch up because it only depiets an average trend. 

In reality some plants will be producing on the (inter)national teclmological frontier, while 

others are lagging bebind. Given the dual economie structure, which characterises the 

Indonesian industry, I expect that a smal! group of modem plants operate close to Finnish 

10 Reeall that aggregate industry level Iabour productivity (LP) can be decomposed into: 

VA n va.xli n vai n 
LP=-= L -'-=L -xs.= L lp.xs., 

L i= l ti x L i= 1 li l i= l l z 

where va is value added, I is Iabour and s1 represents the share of plant i in total industry employment 
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practice whereas a large club of outdated mills are located at considerable distance to global 

best practice. Using average productivity figures as an indicator for technological catch up 

will not capture these differences. 

Figure 8.2: Iudonesian Relative Labour Productivity (Finland=lOO%) 
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Saurce: For Indonesia: pulpand paper industly LMD; For Finland: plants selected from Stalistics Finland, 
Longitudinal Data on Plonts in Finnish Mamifacturing, 2003; See text for details. 

Table 8.2 gives an indication of the differences in market structure between the Finnish and 

Indonesian paper industry. To reveal the dualism in Indonesia, the table also gives a 

breakdown by ownership. It seems that on average, paper mils in Indonesia are smaller in 
tenns of output, value added and capacity but not in teems oflabour. However, as expected, a 

division between conglomerate and other plants makes clear that the fonner are much more 

comparable to their Finnish competitors than the Jatter. Even so, there are still large 
differences with respect to capacity and Iabour, which values indicate that the conglomerate 

owned plants in Indonesia are much less capital intensive than Finnish plants. With reference 

to the type of mills, market structure in both countries is very similar though the share of 

newsprint companies is higher in Finland, while the share of boardplantsis lower. Finally, 
the vertical integration of pulp and paper facilities is also higher in Finland than in Indones ia. 

8.3.2 Model Estimation 

In this section the results of the empirica! investigation are presented. I estimate two models 
(A and B); Table 8.3 and Table 8.4 show the results for the frontier and inefficiency models 

respectively. As would be expected, the production function estimates are simHar across 

models. Except for DNEWS all control variables are significant at the 10 percent level or less, 
pointing at different production functions per paper grade and type of milt. Also most of the 

~-parameters are significant. The results for the inefficiency model are discussed below. 



Table 8.2: Summary Stafistics by Country aod Ownership 

Variabie Definition Indones ia Finland Total 
Conglomerate Independent & pub/ie Total 

Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. 

VA Value added (mill. 1995 markka) 425.15 686.47 31.56 59.10 83.28 286.57 229.95 198.83 153.66 258.88 
DINT Integrated mil! (0 or 1) 0.09 0.29 0.29 0.45 0.26 0.44 0.54 0.50 0.40 0.49 
DBOARD Board mill (0 or I) 0.14 0.35 0.57 0.50 0.51 0.50 0.42 0.49 0.47 0.50 
DNEWS Newsprint mill (0 orl) 0.13 0.34 0.03 0.16 0.04 0.19 0.13 0.34 0.08 0.28 
DSPEC Tissue mill (0 or 1) 0.14 0.35 0.05 0.21 0.06 0.23 0.06 0.25 0.06 0.24 
DTISS Specialty mill (0 or 1) 0.00 0.00 0,07 0.25 0.06 0.23 0.06 0.24 0.06 0.24 
K Pulp and paper capacity (000 tonnes) 216.30 312.23 51.14 92.09 72.84 152.25 342.51 272.76 202.24 256.68 
L Labour input (persons engaged) 2008.65 2489.50 511.34 584.05 708.10 ll66.09 541.37 351.93 628.10 879.31 
AGE Age of establislunent (years) 9.99 5.70 13.58 13.74 13.ll 13.02 32.71 24.31 22.51 21.62 
SIZE Output (mil!. 1995 markka) 11l9.74 1533.71 139.60 234.07 268.39 681.02 724.25 548.42 487.13 661.22 
N Number of plants 100 661 761 702 1463 

Source: See Figure 8.2. 
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Table 8.3: Frontier Model 

Variabie Parameters A B 
CONSTANT ~0 -1.62 (-4.57)*** -1.53 (-4.34)*** 
DINT 13ot -0.23 (-4.61)*** -0.24 (-5.14)*** 
DBOARD 13oz -0.23 (-4.72)*** -0.16 (·3.37)*** 
DNEWS 13oJ -0.08 (-1.54) -0.09 (·1.56) 
DTISS ~04 -0.21 (-2.89)*** -0.18 (-2.41)** 
DSPEC Pos 0.16 (1.96)** 0.21 (2.58)*** 
L 13t 0.76 (5.86)*** 0.77 (5.99)*** 
K Pz 0.81 (10.88)*** 0.78 (10.52)*** 
T 133 0.01 (0.27) 0.01 (0.32) 
L*L Jln 0.03 (2.47)** O.o3 (1.98)** 
K*K 13zz 0.07 (6.68)*** O.D7 (6.75)*** 
T*T 1333 -0.001 (-3.25)*** -0.001 (-3.09)*** 
L*K Ptz -0.17 (-10.72)*** -0.16 (-10.08)*** 
L*T f3u 0.02 (4.93)*** 0.02 (5.15)*** 
K*T JlzJ -0.004 {-2.07)** -0.01 (-2.97)*** 

Retums-to-scale" 0.80 (-1.38) 0.79 (-1.49) 
Technica! changeb 0.05 (2.16)** 0.04 (1.91)* 

Loglikelihood -1576.54 -1549.32 
N 1463 1463 

Note: t-values between parentheses; *** significant at the 1 percent level; •• significant at the 5 percent level; 
* significant at the 10 percent level; 

• Returns-to-scale=[(3rt(2P 11lnK)+((312/nL)]+[ (32+(2PwnL)+((3JzlnK)] using mean values for lnK and lnL per 
country. t-values are for hypotheses tests of returns to scale unequal to one (=constant returns to scale); 
b Technica! change=(33+ 2(333t+(313/nK +(3WnL, using mean values for t, lnK and lnL for mills of which te is 
higher than 80 percent. Technical change measures the movement of the frontier und it is therefore only based 
on a sample ofhest performing mills. A threshold of 20 percent seems to be a reasonable choice. 

Source: See Figure 8.2. 

To test the model speeification statistically, Table 8.5 presents results of two generalised 
likelibood-ratio tests. The first one indicates that a Cobb-Douglas model can be rejeeted. The 
second test points out that the nuli-hypothesis that technica! inefficiency does not play a role 
in explaining varlation in plant performance can also be rejeeted. The latter result indicates 
that, given the assumption of a translog production frontier, one may assume that 
establishments differ in their degree of teehoical inefficiency. The same is confirmed by the 
values ofy, which are close to one and highly significant. 

Table 8.3 also presents estimates for returns-to-scale and teehoical change. 
Hypotheses tests point out that the teehoology is characterised by constant returns to scale. 
This is somewhat against expectations, given that the pulp and paper industry bas foliowed a 
techoological trajectory of upscaling (Chapter 3). Teehoical change is computed using a 
sample ofmills for which te is higher than 80 percent. As techoological advance measures the 
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movement of the frontier, it should be based only on mills which are located at the frontier 
Though arbitrary, a threshold of20 percent seems to be an acceptable choice.U Technological 
advance between 1975 and 1997 is on average 4-5 percent. 

Table 8.4: Inefficiency Model 

Variabie Parameters A B 
CONSTANT 8o -2.90 (-6.25)*** -1.26 (-2.42)** 

AGE 01 0.003 (0.76) 0.01 (0.94) 

SIZE Oz -0.002 (-27.80)*** -0.003 (-13.40)*** 

YEAR 03 0.06 (4.65)*** 0.02 (0.57} 

DINDO 04 4.47 (11.26)*** 2.99 (5.88)*** 

DPUB*DINDO os -0.42 (-1.75)* 

DCON*DINDO ~ -0.69 (-3.09)*** 

AGE*DINDO ~ -0.01 (-0.62) 

SIZE*DINDO Os 0.002 (7.61)*** 

YEAR*DINDO ~ 0.04 (1.01) 

CJs2 cr}+cru2 1.73 (13.01)*** 1.62 (13.81)*** 
y= cru2/(crv2+cr}) 0.96 (165.55)*** 0.96 (20 1.41 )*"' * 

Note: t-values between parentheses; *** significant at tbe 1 percent level; ** significant at tbe 5 percent level; 
• significant at the 10 percent level. 

Source: See Fignre 8.2. 

Table 8.5: Generalised Likelibood-Ratio Tests 

Null Hypothesis, Ho 

fJIJ=O, i'!5j=J, ... 3 (Cobb-Douglas function) 

y=c}O= •.. =810=0 (no inefficiency effects) 

Loglikelihood l" 
-1611.934 125.22 

-2087.47 1196.51 

Critica/ vatul' 

11.07 

19,05 

Note: • Generalised likelibood-ratio statistic: ;\.,=-2[loglikelihood(H0)-Ioglikelihood(H1)]. Values that exceed the 
critical value are significant at the 5 percent level. 
b critical values for tests of no inefficiency effects obtained from Table 1 of Kodde and Palm (1986) with 1l 

degrees of freedom and for test of Cobb-Douglas function from upper i distribution with 6 degrees of 
freedom, respectively. 

Source: Basedon model B from Tahle 8.3. 

8.3.3 Trends and Distrihution of Teehoical Efficiency 

In this section and the next, I exarnine trends and distribution of technica! efficiency across 
time and space. The results fortheinefficiency model are discussed insection 8.3.5 below. 
Only efficiency scores for model B are presented, which is rather arbitrarily chosen. In 
practice, it doesnotmatter which ofthe two models are selected because their coefficients are 
nearly the sarne. Figure 8.3 shows aggregate industry technica! efficiency for Indonesia and 
Finland for the period 1975-1997. Following common practice in firm level studies on total 
factor productivity, I use output as weight (Baily et al., 1992; Foster et al., 1998). The 

11 I wouid like to thank Jaap Bos for this suggestion. 
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technical efficiency trend oflndonesia resembles the pattem ofrelative Iabour productivity in 
Figure 8.2, confirming the pervasive effect of industrial policy during the ISI and EOI phases. 
The figure shows that on average Indonesian pulp and paper mills are producing at a larger 
distance from best practice than Finnish producers. 

Figure 8.3: Aggregate Industry Teehoical Efficiency by Country, 1975-1997 
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Note: Figure presents average technica! efficiency of Indonesia relative to Finland, using output as 
weights. 

Source: Technical efficiency scoresbasedon model B from Table 8.3. Data for Indonesia from pulpand 
paper industly LMD; Data for Finland ftom Ststistics Finland, Longitudinol Data on Plants in Finnish 
Mam(acturing, 2003; See text for details. 

So far, the analysis bas been limited to average plant performance. As mentioned before, the 
dual industry structure suggests that catching up is probably a partial phenomenon and that 
only a few plants have managed to reach frontier levels, while others have fallen bebind. It 

would thus be interesting to investigate how teehoical efficiency is distributed across 
countries and whether there are changes over time. An indication of these dynamics is given 
by Figure 8.4, which shows the coefficient of variation for teehoical efficiency by year and 
country. Two results are immediately evident from the picture. Plant performance in 
Indonesia is not only much more dispersed than in Finland, indicated by a higher absolute 
coefficient of variation, but also slightly growing over time whereas efficiency of Finnish 
plants is more or less fluctuating around a constant trend. 

These pattems are mirrored by Figure 8.5, which depiets histograms of teehoical 
efficiency by country for 1975, 1984 and 1997. Like before, I have chosen the year 1984 to 

mark the shift from ISI to EOI. Because of data uncertainties no one should put much weight 
on small ditTerences in plant performance but changes in distribution over time are 
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nonetheless revealing. The figures show that on average Finnish paper mills exhibit a fairly 
constant technical efficiency around 70-80 percent throughout the whole period. Conversely, 
there is much more fluctuation in technical efficiency of the Indonesian paper mills, both in 
time and space. In 1975, there are only eight plants, mostly producing at less than 50 percent 
of best practice. In 1984, the distribution bas become more concentrated towards plants with 
a very low efficiency albeit there is also a small group of plants which are operating around 
the 40-50 percent level, just bebind the core of Finnish paper mills. The pattem is even more 
skewed in 1997 as the majority oflndonesian plants exhibit bottorn end technical efficiency. 
Nonetheless, the tigure shows that there are also a fair amount of mills, which produce at the 
high end of the distribution, camparabie to, or even better than, the performance of Finnish 
plants. All and all, there seems to be an increasing divergence over time in the performance 
of lndonesian plants. Moreover, the analysis of distribution implies that catch up bas been a 
highly localised process in which only a few plants have achieved best-practice performance. 

Figure 8.4: Teehoical Efficiency Coefficient ofVariation by Country, 1975-1997 
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Source: See Figure 8.3. 

Lastly, Figure 8.6 shows efficiency trends for both conglomerate, and independentand public 
mills separately. The picture clearly reflects the emergence of a dualistic market structure in 
the Indonesian pulp and paper industry. Around the mid 1980s, boosted by favorable 
industrial polides conglomerate mills started to catch up rapidly with best practice. The 
performance of independent plants can be described as one of relative stagnation or even 
falling bebind. In 1997 the gap between the two groups ofplants is almost 60 percent. 
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Figore 8.5: Technical Efficiency Distribution by Country 
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Figure 8.6: lndonesian Teehuical Efficiency by Ownership, 1975-1997 
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Source: See Figure 8.3. 
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8.3.4 lndustrial Dynamics and Catch Up 

131 

The previous sections showed that on average Indonesian paper mills were catching up 

relative to their Finnish peers. What is omitted from the investigation till now is the effect of 
industrial dynamics on relative performance. Changes in average industry performance may 

be caused by two factors: (I) changes in productivity of individual establishments at a given 

size, and (2) reallocation effects caused by the expansion or contraction of surviving plants as 

wellas entry and exit effects (Baily et al., 1992). Studies on a number ofEuropean countries 
and the USA found that the productivity growth of surviving establishments account for 50 to 

90 percent oftotal manufacturing productivity growth (Bames and Haskel, 2002). With about 

25 percent, the effect of net entry is also substantial. Different authors have used various 

methods to decompose aggregate productivity into within-plant and reallocation effects. 
Haltiwanger et al. (1998) present and overview of the various approaches. I use their 

preferred decomposition to unravel aggregate technica) efficiency growth of the Indonesian 

pulp and paper industry. As technica) efficiency is estimated as the distance to the 
international technology frontier (approximated by Finnish performance), the decomposition 

will reveal the industrial dynamics, which have led to catch up or falling behind. 
Aggregate technica) efficiency of the lndonesian pulp and paper in dustry ( depicted in 

Figure 8.3) is defined as: 

(8.5) 
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where Sit is the output share of firm i in total industcy output at time t and leît is plant-level 
technica! efficiency for the same firm and period. Then the ditTerenee in aggregate technica! 

efficiency levels at timetand t-1 can be written as: 

TE1 -TE,_1 L,ees11_1Ate1, + L;ec(te1,_1 -TEt-I)Asit + L,eeAte11Asu 

+ LteNsll(te,,-TE,_l)- L,.,xstt-I(te,t-1-TEt-1) 
(8.6) 

The first three components of equation (8.6) make up the contribution of continuing plants 

(C) and the other two repcesent entcy (N) and exit effects (X), respectively. The five terms 

represent: (1) a within-plant component based on plant level changes, weighted by initia! 
output shares; (2) a between-plant effect a change in output shares weighted by the 

deviation of initial plant efficiency from the initial industcy average; (3) a cross (or 

covariance) term a sum of plant efficiency growth times change in output share; (4) an 

entcy effect, composed of end of year plant-share weighted by the ditTerenee in technica! 

efficiency of the entering plant and initia! industcy efficiency; and (5) an exit effect - an 
initial-share-weighted sum of the deviation of initial technical efficiency of exiting plants 

from initial industcy efficiency. The between-plant effect and the terms for entcy and exit 
involve deviations of plant-Ievel technica! efficiency from industcy-level performance in the 

initial period. This means that a continuing plant with increasing output share makes a 

positive contribution to aggregate technica! efficiency only if it bas a higher initial technical 

efficiency than the industcy average. Similarly, entering (exiting) plants contribute positively 
only if they have a higher (lower) technical efficiency than the initia! industcy average. 

Dividing both sides of equation (8.6) by TE0 gives the contribution ofthe five components to 

aggregate industcy technical efficiency growth. 

Table 8.6 presents the decomposition results for separate sub-periods and ownership 
structure. The first column gives the annual average growth, foliowed by the contribution of 

within-plant, between-plant, cross-plant, entcy and exit effects. The results correspond with 
the figures on average catch up at industcy level (Figure 8.3) and by ownership (Figure 8.6). 

During ISI the pulp and paper industcy was falling bebind at a rate of approximately seven 
percent per year. This was caused both by rapidly diminishing performance of existing firms 
denoted by a within share of 81 percent, and the entcy of firms with below average 

performance, measured by an entcy effect of 87 percent. There are no exit effects because all 

plants stayed in business. Aggregate efficiency growth would have been even lower if badly 

performing milJs had not lost market share, indicated by the negative cross-plant effect. The 

low tigure for the between effect points out that static effects of shifting market shares were 
almast insignificant. In 1977 the first and only conglomerate-owned plant was started up 

during the ISI period. The mill was relatively small and operated with backward technology 

and therefore its effect is almost negligible. The decomposition results are in line with the 

characterisation of the import substitution phase sketched in previous chapters. High tarif:IS 
and limited dornestic competition provided neither incentive for efficient production, nor the 

entcy of modem plants using best-practice technology. 

During EOI, aggregate industry technica! efficiency grew at rapid pace with on 
average 6 percent. The table illustrates that catch up was primarily driven by business group-
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owned mills. In fact, a very large part of the growth bas been caused by the extreme 

expansion of the first conglomerate mill, which in about twenty years bas been transformed 

from a small outdated plantinto one of Indonesia's teading companies, operating the latest 
equipment. In addition several business groups started up new mills, often using (near) best 

practice technology (Chapter 7) expressed by the high conglomerate entry share. Probably as 

a result, independent and pubtic mills rapidly lost market share while at the same time their 

performance worsened, resulting in a negative cross-effect. The entry share indicates that 

some efficient independent mills also entered the market, while the exit effect points out that 
at the same time several high performing plants were forced out of production. This is 

somewhat misleading. What actually happened is that some of the most potential independent 

plants were taken over by the conglomerates, while the majority of inefficiently operating 

independent mills remained in operation. A takeover is modelled as a simultaneous exit and 
entry in the same year, which means that part of the exit effect for the group of independent 

and pubtic establishments is also captured by the entry effect ofthe conglomerate plants. 

Table 8.6: Decomposition of TE by Subperiod and Ownership 

Technica! Percentage of technica/ efficiency growth explained by: 
efficiency Within- Between-
growth plant effect plant effect 
(annual) 

1975-1984 
All plants -7.0 

Conglomerate -0.2 
Independent and pubtic -6.7 

1984-1997 
All plants 6.1 
Conglomemte 7.6 

Independentand public -4.3 

Note: Percentages may not add up due to rounding. 

Source: See Figure 8.3. 

8.3.5 Explaining the Performance Gap 

81 4 

0 0 
84 4 

-28 -37 
5 -12 

90 53 

Cross-plant Entry Exit 
effect effect effect 

-72 87 0 

0 100 0 
-74 87 0 

125 59 -19 

66 41 0 
-89 -5 51 

Totai 
effect 

100 

100 

100 

100 
100 
100 

The analyses in the previous section showed that plant performance in the Indonesian 

industry is highly dispersed. Only a small group of plants have matebed Finnish technica} 

efficiency levels, while a large number of mills are falling bebind. What is not clear from the 

analysis is why some plants have achieved (near) best-practice performance and others have 

not. 
Broadly, one can distinguish between two levels of explanatory factors, which might 

cause the performance gap between lndonesian, and Finnish paper mills (Pack, 1987; Caves, 
1992; Bartelsman and Doms, 2000). On the one hand, it bas been found that differences in 

plants characteristics, such as plant scale, technological capabilities, management skills, 

workforce quality and sophistication of machinery, are a cause for persistent heterogencity in 
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perfonnance within countries (e.g. Dosi et al., 1997).'2 On the other hand, broad 

environmental factors at the national and sectoral level, including industrial policy, 

competition, demand conditions, macro-economie stability, educational system and 
assistance of research institutes, will cause international differences in perfonnance, even if 

fll'111s are comparable in tenns oftechoology, size and inputs. This is illustrated by Lilja et al. 
(1989), who compare the operational perfonnance of two identical paper machines, 

betonging to paper mills in Finland and the fonner Soviet Union. They observe that the 

Soviet machine operates at half the speed of the Finnish machine due to lack of spare parts 
and maintenance services, associated with the central planning systern. A simHar result is 

obtained by Pack (1987), who finds that some Philippine and Kenyan textile mills have lower 

total factor productivity than British establishments, which are operating equipment of simHar 
vintage. In practice it is very difficult to disentangle finn-specific from national economie 

and institutional detenninants of finn-level perfonnance because they are strongly 
intertwined. As discussed in Chapter 2, almost all explanations found in the literature to 

explain intra-industry dualism in the manufacturing sectors of developing countries can be 

linked with particular features of the business environment. 

Table 8.4 presents the results for two inefficiency models used to investigate the role 
of intra-finn and national effects on mill perfonnance. Unfortunately due to lack of 

comparable data, only two finn detenninants of teehoical efficiency size and ownership 

structure - could be investigated. In addition, I add control variables for time (1) and age of 

plant (AGE). A dummy variabie for Indonesian plants (DINDO) is included to capture the 

effects of national factors on teehoical efficiency. Note that by including the dummy for 
country effects in the inefficiency model, the teehoical efficiency estimates are a 'gross 

measure' (inclusive of national factors) of perfonnance (Coelli et al., 1999; Hattori, 2002). 
Another option would have been estimate separate frontiers for Indonesia and Finland by 

adding DINDO to the production function. In this case teehoical efficiency is regarcled as a 

'net measure' (exclusive of national factors). The latter approach did not seem appropriate 
bere since my interest is in quantifying the actual international efficiency gap and, hence, 

national effects should not be discounted for. Model A gives the basic model, including all 
variables. In model B, I also add interaction tenns for each variabie to examine whether there 

are structural differences in the relationship between AGE, SIZE and YEAR on teehoical 

efficiency in Finland and Indonesia and interaction dummies for lndonesian ownership 

structure- DPUBxDINDO and DCONxDINDO. 

Both models point out that SIZE is negatively and significantly related to teehoical 

inefficiency, which either indicates that returns to size are significant or that efficient finns 

have grown more than inefficient ones. The positive relationship between size and efficiency 

is a common result, which bas been found for both industrialised and developing countries 

(Caves, 1992; Lundvall and Battese, 2000). The significant value for the interaction tenn 
(SIZExDINDO) in model B indicates that the relationship between plant size and teehoical 

12 Also see the special issue of Industrial and Corporale Change (1997, 6:1) on industrial dynamics, which 
presents a number of papers supporting this finding. 
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efficiency differs between Finland and Indonesia. Taldng the derivative with respect to SIZE 

(-0.003 for Finland and -0.001 for Indonesia), indicates that in both countries efficiency is 
increasing in plant size but this correlation is less strong for lndonesia. A possible 

explanation for this result might be that returns to size in Indonesia are offset by overmanning 
effects. In many developing countries, especially large firms tend to operate with 

considerable Iabour slack because they are forced by the government to generate 

employment. They therefore tend to have many more people on their payrolls than required 

by their technology, resulting in lower technica} efficiency. Various interviews with mill 
managers and consultants pointed out that this is also the case in Indonesia and most large 

pulp and paper plants are indeed severely overmanned relative to Finnish mills, which are 

comparable in terms ofsize and process technology. 

Further, model B shows that within Indonesia, differences in technical efficiency are 
correlated with ownership structure. The negative and significant coefficient for DCON 

indicates that conglomerate paper mills are more efficient than independently operating 

factories. The same result, although less strong is found for public paper mills. 13 These 

findings are in line with the analysis in the Chapter 6, where it was shown that the majority of 

conglomerate-owned pulp and paper mills and some of the public plants are characterised by, 
relative advanced paper making machinery, a large share of foreign employees and a higher 

skilied workforce, which are likely to result in higher performance. 

Finally, the analysis shows that after controlling for size, age, time and ownership, 

there is still a large gap in performance between Indonesian and Finnish mills, indicated by 
the positive and highly significant coefficient for DINDO in both models. This suggests that 

national factors are an important determinant of international differences in performance. It 
should however be noted that DJNDO also captures the average effect of firm specific 
characteristics for which no sufficient data are available. An example is quality of the 

workforce. Like in most developing countries, the share of people with high-level education 
is relatively low in Indonesia (Hili, 1996b). As will be shown in the following chapter, this is 

also reflected in the pulp and paper industry, where tb ere is a serious shortage of specialised 

engineers, chemists and managers. Table 8.7 presents comparative information on the level of 

education for the Finnishand Indonesian pulpand paper industry, basedon the samesample 

of establishments, which has been used so far. Unfortunately, this data is only available for 
three years and could therefore not be included in the estimations. Nonetheless, the table is 

informative as it clearly shows that the share of employees with college or higher education is 
relatively higher in Finland in comparison to Indonesia, while the reverse is found for 

workers with a senior high school diploma. It is very likely that the lack of skilied employees 

in Indonesia leads to lower performance vis-à-vis that ofFinnish producers. 

13 Note tbat average technica! efficiency of conglomerate and public mills is ceteris paribus stilllower than tbat 
ofFinnish paper producers. This can beseen if one takes the derivative with respect to DINDO, which is 2.58 
forDPUB and 2.50 for DCON. 
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Table 8.7: Share ofEducation in tbe Pulpand Paper lndustry by Country~ 1995-1997 

Indonesia Finland 

1995 1996 1997 1995 1996 1997 
Basic 37 36 34 36 34 32 
Senior high school 55 53 56 46 46 48 
Bachelor and college 8 10 10 15 17 16 
Master and PhD 0 0 0 3 4 4 
Total 100 100 100 100 100 100 
Note: For Indonesia basic education is defined as the sum of: not finished pritTllliy school, 
primary school and, junior high school. 

Source: For Indonesia: pulp and paper industry LMD; Por Finland: plants selected from Statistics 
Finland, Longitudinal Data on Plantsin Finntsh Mamifacturing, 2003; See text for details. 

8.4 Conclusions 

The aim of this chapter bas been to investigate catch up or relative stagnation of the 

lndonesian pulp and paper industry vis-à-vis the technologiealleader Finland, over the period 

1975-1997. I have used a combined Indonesian-Finnish LMD to estimate plant level 
teehoical efficiency and analyse the industrial dynamics underlying the catching-up process. 

Considerable effort bas been made to ensure inputs and outputs are comparable across 
countries. Following practices of international comparisons of productivity at the aggregate 

level, I constructed industry specific couverters and standardised input and output definitions. 
Further, I used additional information from secondary sourees to ensure that only firms, 
which produce similar output, are included. Finally, capacity data was linked to the LMD to 

provide a better measure for capita! stock. 

In line with the bistorical description ofthe industry in previous chapters, I found that 

average performance strikingly differed between the import substituting industrialisation 
(1975-1984) and export oriented industrialisation (1984-1997) phases. The ftrst period was 

characterised by falling bebind while in the latter a pattem of profound catch up was found. 

Closer investigation of the underlying plant-level data made clear that the averages only 

reveal half of the story. In Indonesia establishment performance is relatively much more 
dispersed than in Finland. What is more, the dispersion of teehoical efficiency in lndonesia 

bas become increasingly larger over time. Decomposition analysis pointed out that through a 

combination of market share expansion, takeovers and the establishment of new factories, 

conglomerate owned paper mills were the sole drivers of catch up. Most other mills exhibited 
a decline in efficiency. Catch up of the Indonesian pulp and paper industry relative to the 

global frontier can therefore be described as a highly localised process in which only a few 

firms have achieved near best-practice performance, while most other plants have been 

falling bebind. 
In addition to the analysis of catch up, an attempt was made to identify firm specific 

determinants of teehoical efficiency, which might explain the performance gap between the 

Indonesian and Finnish pulp and paper industry. The statistica! analysis pointed out that even 
after correcting for size, ownership, age and time, the dummy variabie measuring national 
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effects is still highly significant. However, the analysis presented bere is not perfect. Lack of 

comparable data prevented me from including a number of other plant-level determinants of 

technical efficiency, which have been frequently mentioned in the Jiterature, such as 
management ability, technological capabilities and education. lnstead of collecting additional 

information on these variables, which quantification is known to be probiernatie and time 

consuming business, it is probably better to analyse them in the form of a detailed casestudy. 

Already some descriptive evidence on technological capability building and technological 
assimilation for Indonesian pulp and paper mills is presented in the next chapter. Another 

way forward would be to compare the performance of selected pulp and paper mills or paper 
machines in Indonesia and Finland, following the approach of Pack {1987) and Lilja et al. 

(1989). 
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Technological Learning: A Comparison 
with Korean Process Industries1 

In this chapter the quantitative performance analysis ofthe previous chapter is complemented 
by a detailed qualitative examination of technological learning in the Indonesian pulp and 
paper industry. As such it is firmly nested within the 'assimilation' perspective on economie 
growth and development (Nelson and Pack, 1999), which sees successful catching up as 
involving the accumulation of human and physical capita} compiemenled by technological 
learning and assimilation. This is regarded as a highly time, firm and industry specific 
cumulative process that is only partially reflected by the standard measures of tirm-Ievel 
productivity. 

The main aim ofthis chapter is to examine (a) to what extent technologicallearning 
and assimilation has been taken place in the Indonesian pulp and paper industry, and (b) 
which have been the main factors that stimulate or hamper this process. In order to provide 
answers to these questions, the chapter explores two additional issues. First, following 
Utterback (1994 also see Chapter 2) it is argued that there are important technological 
differences between the assembied product industries on the one hand and the process or 
nonassembied product industries, which includes pulp and paper manufacturing, on the other. 
This implies that the patterns of technological leaming will also differ between these two 
types of industries. Second, I review the evidence on technologicallearning and assimilation 
in the Korean process industries. Korea is the key example of successtill catch up by a late
industrialising country and therefore offers valuable lessoos for developing countries, which 
might be able to follow a similar pattem of development. Moreover, industrial development 
of the Korean process industry during the early-1970s and early-l980s shows many 
resemblances with the expansion of the Indonesian pulp and paper industry throughout the 
mid-1980s till late 1990s. Both went through an extremely rapid phase of industrialisation, 
characterised by massive capita! accumulation and pervasive industrial policy in a stabie 
macro-economie setting. However, as will be shown, I find that in spite of the many 

1 This chapter is a revised version ofajointpaperwith Martin BeU (BeU and Van Dijk, 2003). 
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similarities in the macro and industrial context. the Indonesian pulp and paper industry bas 

exhibited much lower intensity of assimilation than the process industries in Korea. It is 

therefore interesting to compare both cases in order to pinpoint the factors bebind these 
disparate pattems. 

The chapter is organised as follows. In Section I I give definitions of the main 
concepts used throughout the chapter, subsequently foliowed by a discussion oftechnological 

learning in process industries. Section 2 summarises the evidence on technology assimilation 
in the Koreau process industries as well as the main factors, which have govemed this 
process. Section 3 and 4 provide similar information for the Indonesian pulp and paper 

industry. In Section 5, I compare the two cases and point out ditterences and similarities. 

Conclusions are drawn in the final section. 

9.1 Technological Capability and Learning in Process Industries 

9.1.1 Detinitions 

In the literature concepts like 'technological mastery', 'technological assimilation', 
'technological capabilities' and 'technological learning' are often used in a variety of ways 

(e.g. Lalt, 1992; BeU and Pavitt, 1993a; Evenson and Westphal, 1995). For reasons of 

clarification, it is therefore useful to define some items of terminology at the outset of the 

analysis. I define technological capability as the skills, experience and knowledge to 

assimilate, use, adapt and change existing technologies and/or create new technologies. 
Depending on the level of analysis, technological capabilities can be embodied in individuals, 

firms, regions or countries. Technological assimilation or technological mastery is defined as 

the effective operational oommand of technological capability. Finally, technological 

learning is defined as the process of accumulating, strengthening and deepening 

technological capabilities. 2 

Technological capability bas three elements: production, investment and innovation, 
summarised in Table 9.1. Production capability refers to the skills, experience and 

knowledge required to transform inputs into outputs. It includes both the capabilities to 

achieve and maintain efficient operation of existing production facilities within the 

parameters of the original technology as well as the capabilities to make incremental 
improvements to these production facilities (still within the original design parameters) in 

response to changing circumstances and to increase productivity. 

Investment capability refers to the skills, experience and knowledge necessary to 
expand capacity and establishing new production facilities. It encompasses manpower 

training, investment feasibility analysis and project execution. Innovation capability is 

defined as the skills, experience and knowledge necessary to develop new products and 

processes. 

2 See BeU (1984) for an overview of different types ofteclmologicalleaming. 



Technological Learning and Assimilation 

Table 9.1: Elements ofTechnological Capability 

Production capability 
Production management- to oversee operation of established facilities 
Production engineering- to provide information required to optimise operation of established 
facilities including: 

1. Raw material control: to sort and grade inputs, seek improved inputs 

2. Production scheduling: to coordinate production processes across products and facilities 
3. Quality control: to monitor conformanee with product standards and to upgradethem 
4. Trouble shooting: to overcome problems encountered in course of operation 
5. Repair and maintenance: according to regular schedule or when needed 

141 

6. Adaptations of processes and products: to respond to changing circumstances and increase 
productivity 

fnvestment capability 
Manpower training- to impart skilis and abilities of all kinds 
Preinvestment feasibility studies - to identify possible projects and ascertain prospects for viability 
under alternative design concepts 
Project execution- to establish or expand facilities, including: 

1. Project management: to organise and oversee activities involved in project execution 

2. Project engineering: to provide information needed to make technology operational in a 
particular setting, including: 

a. Detailed studies: to make tentative choices among design alternatives 

b. Basic engineering: to supply core technologyin terms ofprocess flows, material 
and energy balances, specifications of principal equipment, and plant layout 

c. Detailed engineering: to supply peripheral technology in terms of complete 
specifications for all physical, architectural and engineering plans, and construction 
and equipment installation specifications 

3. Procurement: to choose, coordinate and supervise hardware suppliers and construction 
contractors 

4. Start-up of operations: to attain predetermined norms 

5. Embodiment in physical capital: to accomplish site preparation, construction, plant erection, 
manufacture of machinery and equipment 

lnnovation capability 
Basic research- to gain knowledge for its own sake 

Applied research- to obtain knowledge with specific commercial implications 

Development- to translate teehoical and scientific knowledge into concrete new products, 

processes and services 

Source: Adapted from Kim (1997) and Amsden (2001 ). 
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The scope and ease with which these three types of technological capabilities can be build 
differs across industries (Lalt, 1993). For low technology industries, such as textiles, where 

production capabilities are most important, it can be expected to be relatively short and easy. 

For more complex sectors, in which project execution and innovation capabilities are most 

relevant, learning may be a long, costly and uncertain process. In the next section I elaborate 

on ways technological capability is acquired in process industries. 

9.1.2 Technological Learning in Process Industries 

The 'heavy' process industries or non-assembied product industries are an important 

component of manufacturing in late-industrialising economies. 3 They do not fall neatly into a 

well-defined category, but they have several characteristics in common that distinguish them 

from other types of manufacturing. The production processes in these industries typically 
involve a continuous flow of materials through various steps of chemica! and mechanical 

processing. The outputs are not discrete or 'integral' products that are assembied out of 

components and sub-assemblies (e.g. bicycles, semiconductors or cars ). Instead, they consist 

of 'dimensional' products produced by weight or volume. These are frequently liquids (e.g. 

petroleum products), gases (e.g. oxygen) or crystalline substances (e.g. cement). In some 

cases, though, production may transform such materials into 'solid' products (e.g. sheets of 

glass or rolls of newsprint). 

The specific technology-related characteristics process industries result in pattems of 

technological leaming for late-industrialising countries that are significantly different from 

those in other more product-orientated industries, such as the manufacturing of computers, 

disk drives, semiconductors, electrical appliances or automobiles. Four issues are particularly 

relevant: 

1. Given the capita! intensity of non-assembied product industries, process efficiency and 
capital productivity are relatively more important for competitiveness and profitability 

than in other manufacturing sectors. This places a premium on high capacity utilisation in 

plants. Consequently, deep and pervasive mastery of process technology and operating 

know-how is imperative in these industries (BeU and Pavitt, 1993a). 

2. Process industries can be characterised as 'supplier dominated' (Pavitt, 1984). 

International suppliers of equipment and engineering services are key sourees ofprocess

related technology and know-how. Supplier-centred leaming channels tend to operate 

specifically when plant and engineering suppliers are directly involved in the execution of 

investment projects.4 

3 Also see Chapter 2. 
4 This pattem of user involvement in process innovation is illustrated well in the case of the development of a 
more energy-eflicient form of thermomechanical pulping technology in the early 1990s by the SCA pulp and 
paper company in Sweden and the Sunds process equipment producer (Laestadius, 1998). More generally, 
drawing on a databasecoveringa sample of3000 chemical industry projects worldwide, Brusoni (2003) shows 
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3. Development and design of new products are of minor significanee in the non-assembied 
product industries.5 These industries do not exhibit the frequency and intensity of design
driven product change that characterises assembied industries. Correspondingly, reverse 
engineering and product-centred interaction with advanced country customers, such as 
original equipment manufacturing (OEM) arrangements and exports, are much less 
effective channels for technological learning by firms than in the electronics, consumer 
durable and similar industries in late-industrialising countries (Kim and Lee, 1987; 
Hobday, 1995; Hobday, 2003). 

4. Investment in the process industries tends to be particularly 'lumpy' and infrequent 
because of the large scale of plants. Hence, investment-related opportunities for 
international technological learning are infrequent and limited. Consequently, the 
frequency of learning opportunities accruing to individual firms will depend heavily on 

the distribution of investment projects across firms. The more skewed the distribution, the 
greaterthe learning effects (Dahlman and Westphal, 1982; Amsden and Hikino, 1994). 

Given its particular characteristics, the opportunities and effectiveness for technological 
learning in the process industry seem to be particularly strong during large investment 
projects, such as the construction of new plants or the installation of new production lines 
(e.g. paper machines or pulp lines). The as acquired investment capabilities, in turn, heavily 
contribute to the building of production capabilities and associated performance of the new 
process capacity. The detailed understanding ofthe plants's characteristics, obtained during 
project execution and project engineering, make it much easier to operate the plant and make 
incremental modifications in design to improve productivity.6 Finally, and maybe most 
important, the skills, knowledge and experience accumulated during the development of 
large-scale heavy process industries tend to have wider spillovers to the economy of late
industrialising countries and may even serve as a springboard of structural transformation 
into more complex industries or services: 

"Insofilr as expansion in the heavy industries involves a change in the structure of production, 
the leaming process underlying such expansion is more taxing than the process of expansion 
in the light manufactures. Expansion under conditions of capital-deepening requires greater 
technological capability and a different skill mix on the part of management and Iabour. 
Productivity gains are realized ditferently and the whole process of competition is distinct. 
Such techtwlogical capability, skill mix, and mode of productivity growth and competition 

that key indicators of project performance are highest when projects are executed jointly by operators and 
contractors, rather than solely by contractors or operators. 
5 This is not the case at the international technological and market frontiers in the advanced economies, where 
the development of technologically sophisticated new products is an important feature of innovation - for 
instance, various technologically complex types of paper for medical and other applications. 
6 The significanee ofthis type oftechnical change in process industries in the advanced industrial countries was 
demonstrated many years ago by Enos (1962) for petroleum and Hollander (1965) for rayon. Indeveloping 
countries Dabhnan and Fonseca (1987) and Figueiredo (2002; 2003) indicated its significanee for the steel 
industry in Brazil. 
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provide the basis for diversifying into new industries [original italics]" (Amsden, 1989, p. 
247).1 

9.2 Assimilating Process Industry Technology: Korean Experience 

This section reviews aspects of the experience of Korean firms in various non-assembied 
product industries primarily during the 1970s and 1980s. This stage in overall industrial 
development was broadly similar to that in Indonesia during the export oriented 
industrialisation (EOI) phase (1984-1997) of development of the Indonesian paper industry 
that is examined later. The review draws heavily on earlierstudies by Westphal and Dabtman 
(1982), Westphal et al. (1985), Enos and Park (1988), Amsden (1989) and Kim (1997). It 
addresses two sets of issues. First, it gives an overview of the pattems and consequences of 
technological leaming in Korean process industries. Second, discusses some factors, which 
have influenced technology assimilation process in Korea. Although there is probably no 
shortage of explanations, I discuss three elements which have been identified in the 
aforementioned literature as having played a key role: (1) investment in leaming, (2) 
opportunities to accuroulate and deepen acquired technological capabilities, and (3) 
incentives which promote technologicallearning, such as industrial policies. 

9.2.1 Patterns and Consequences ofTechnological Learning 

Detailed case studies on the acquisition of technological capabilities in Korea identified two 
distinct pattems technological leaming in the process industries: the apprentice pattem and 
the imitator pattem. Under the apprentice pattern, the first plant in the industry was typically 
built on a turnkey basis with only limited indigenous technological involvement. During 
second and subsequent investment projects, continuons and deliberate efforts were made by 
the Korean technicians and engineers to acquire experience and assimilate foreign technology 
(see below), resulting in the rapid accumulation of investment capabi1ities. The acquired 
know-how was immediately put into practice, leading to increasing participation of local 
engineers in all stages of project engineering and progressive substitution of local for foreign 
investment. The apprenticeship pattem is well illustrated by the expansion trajectory of 
Pohang Iron and Steel Company (POSCO), Korea's first integrated steel mill. In 1971, it 
started as a turnkey project onder direction of Japanese contractors, which constructed a plant 
with an annual capacity of one million tonnes. By 1981, capacity had increased to 8.5 million 
tons in three expansion phases that had been increasingly controlled by Korean engineers. 
The substitution of dornestic for foreign engineering is confirmed by the fall in foreign 
project engineering per ton of incremental capacity from $6.13 to $0.13. SimHar pattemsof 
technological learning have been documented for cement, petrochemieals and synthetic fibre 
industries. 

7 See Chapter 10 in Amsden (1989) for examples underlying this statement, pertaining to Korean 
industrialisation. 
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In the imitator pattern, which was mainly foliowed by small independently operating 

firms, local entrepreneurs started with small and 'simpte' technology developed or assembied 

in-house without any or only very limited foreign assistance. In subsequent stages, processes 

and products were gradually upgraded through operating experience and using technica! 

information from observing foreign technology. An example of a company, which foliowed 

the imitator pattem of technological learning, is Shingpoong, Korea's largest paperboard 

manufacturer. Unlike other papermakers, which relied on turnkey contracts from abroad, the 

company purchased second hand paper making equipment that was scrapped by a Japanese 
paper producer in l%2. Next, using knowledge from literature review of technical 

information and prior observation of Japanese paper mills, the machine was reassembled and 

after a period of trial and error made to work. The acquired investment capabilities were 

subsequently used for construction of two additional paper-making systems in 1970 and 
1978, respectively. Project engineering for the new machines was done completely in house 

and an increasing share ofthe equipment (about 80 percent in case ofthe third machine) was 

manufactured by local capital good producers. The imitator pattem ofhas also been found for 

a steel rolling mill and a steel pipes producer. 

The patterns of technological learning sketched above had important economie 

consequences, which can be summarised under two broad headings: (1) those that were 

'intemal' to the firms involved, and (2) those that accrued more widely to other firms and 

actors. 

lntemal Consequences 

On the one hand, as aresult of effective technological capability building, the capital costs of 

new projects appear to have been lower than they might otherwise have been. This arose in 

several ways.8 

•!• The rapid development of local engineering competence and its increasingly pervasive 

application substituted high-cost foreign involvement for low-cost dornestic input and 

reduced the engineering cost component of the facilities. 

(• With local engineering and project management competence playing an increasing role in 

successive projects, the costs of other items were reduced - partly by more direct 

procurement relations with overseas suppliers and partly by procurement :from lower cost 

local sources. 

•:. With increasing involvement in project management and engineering, the rate of project 

completion was frequently accelerated beyond planned duration and experience 

elsewhere, so achieving considerable reductions in project financing costs. 

On the other hand, capita! and Iabour productivity of new facilities was often demonstrably 

higher than would otherwise have occurred. Again this arose in several ways. 

8 For substantiation of these points and illustrations of the magnitudes of these gains, readers are directed to the 
casestudy material in Amsden (1989) and Enos and Park (1988). 
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•!• With fast completion times, especially through the instaBation and commissioning stages, 

output frequently came on stream earlier than expected. 

•!• With intensive training in operational and maintenance skills, and with strong engineering 

and management competence immediately available to deal with problems and 
bottlenecks, progress along start-up learning curves to design-level capacity and 

efficiency were often particularly rapid. 

•!• With that competence available to generate further modifications and improvements, 
capacity utilisation and other process operating parameters were typically driven beyond 
design levels through continuing trends of rising efficiency. 

Finally, less tangible benefits of intensive learning included: 

•:• Increasing process and product knowledge enabled companies to shift production and 
export out of commodity products into higher value markets. 

•:• Dornestic engineering and project management capabilities allowed process
manufacturing firms to operate as consultants in the international markets for equipment 
and engineering services. 

Wider Consequences 
A significant element in the wider impact of technological leaming in the process industry 

firms was the development of a local capital goods industry as well as engineering services. 
This was not just a matter of increased competence on the demand side that enabled the 
process industry firms to 'open up' the praeurement process and secure increased supplies 
from local sources. lt was also a process that contributed to the development of competence 
on the supply si de as well e.g. as a result of the flows of skill and experience that moved to 
supplier firms after a process of initial technological leaming in the process industry 
companies. This is again clearly illustrated in the case of POSCO. The smalt engineering 
group set up in 1970, the locus for the oompany's in-house steel mill engineering consultancy 

competence, moved through successive interactions between leaming and doing as POSCO 
expanded through the next two decades. In 1994 it emerged as the POSCO Engineering 
Company Ltd (POSEC), a comprehensive steel industry engineering and consultancy 
company that had moved beyond the Korean market to operate inteniationally. Following 
along a different trajectory of organisational evolution, POSCO set up the Research lnstitute 
for Industrial Science and Technology (RIST) in 1987, which became the focal point for the 
campany's shift into the original development of technology, stimulated partly by the 
growing constraints on accessing frontier technology from international competitors and their 
suppliers. By 1998 RIST was the nucleus of the campany's position on the international 
technological frontier in two key areas in competition with only about 2-3 other companies in 
the world in each case: smelting reduction and strip casting. In other words, in less than thirty 

years the company had moved from the first steps of technological leaming to the frontier of 
international innovation. 
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Technological capability building in the large process finns also contributed to the 
emergence of a national innovation system. The sequences of training, initial experience
acquisition in the early entrant finns constituted, in effect, an engineering and management 
school for the industry as a whole. Significant numbers of experienced engineers and 
managers 'graduated' in these training/leaming programmes and then moved toother firms
both subsequent entrants and emerging local suppliers of engineering services and process 
equipment. This in turn helped to reduce the capital costs oftheir own investment projectsas 
a wider range of lower cost equipment and engineering services became available in the local 
economy. 

9.2.2 fnvestment in Technological Learning 

A well-known and striking feature of Korean industrialisation has been the intensity of 
training efforts made at the firm level across the whole spectrum ofindustries. This firm-level 
investment drew on the skill and knowledge base that was created in the format education 
and training system. But it went further and added to these kinds of public investment in 
human capita!. 

Although most Korean companies made limited investrnents in their own training 
during the 1960s, the larger Korean companies had established by the early-1970s pervasive 
training programmes. These concentrated heavily on developing general skilllevels and basic 
competence to use and operate technology. Striking instances ofthe priority attached to this 
area include, for instance, the training of POSCO operatives in steel-making procedures in 
advance of the operation of the company's first steel plant- ondertaken in an open field 
before the plant was constructed. Local training was also massively supplemented by the 
secoudment of personnet for training with overseas companies almost 600 people in the 
case of POSCO's first plant, with rising numbers through subsequent projects. 

But at a very early stage in the development of process industries, Korean firms also 
committed significant investment to 'higher level' training, particularly in process 
engineering and project management skills. This was typically organised as an integral 
component of the agreements with technology suppliers for new plants. For instance, in the 
first major petrochemical complex in Korea (at Ulsan) the contract with the main technology 
supplier included not merely training in process operating and maintenance skills, but also 
training in overall plant design and detailed engineering design, together with training in 
praeurement and other aspects of project management. 

9.2.3 Opportunities for Cumulative Technological Capability Building 

In principle, the speed at which technological capabilities are developed depends in part on 
the rate of growth of the industries concemed. The faster the rate of growth, the more 
frequent the investment projects providing both (a) opportunities to acquire engineering and 
management competence from technology suppliers, and (b) opportunities to acquire further 
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experience by applying those capabilities in subsequent projects. This seems to have been 

particularly important in Korea: 

"[ ... ] the fast pace of Korea's industrial growth has permitted rapid rates of technological 

learning because of the short intervals between the construction of successive plants in many 

industries. In some industries, including synlhetic resins and fibres, lhe fust plants were often 

buüt on a turnkey basis and on a scale which was much smaller eilher lhan that warranted by 

the size of the market or that which would exhaust scale economies. Construction of lhe 

second and subsequent plants - at scales much closer or equal to world scale - foliowed 

quick:ly, wilh Koreau engineers and technicians assuming a gradually increasing role in 

project execution. To this extent, Korea's technological masteryin these industriescan be said 

to extend beyond production engineering to project execution." (Dahlman and Westphal, 

1982, p. 129). 

However, the high rates of process industry growth and the intense levels of investment in 

competence might, in principle, have had different learning outcomes. An additional factor 

that positively influenced technology assimilation in these industries were cumulative intra

firm learning processes (Amsden and Hikino, 1994). Successive large-scale investment 
projects enabled firms to increasingly reinforce and deepen previously acquired capabilities. 

The scale and significanee ofthis intra-firm accumulation can be illustrated in the case ofthe 
first two petrochemical plants constructed by the Hanyang company: 

"[ ... ] much oflhe experience gained in lhe construction, operadon and improvement oflhe 

Ulsan plant was relevant to lhe Y eoebon plant. Moreover, most of lhe engineers in whom this 

experience resided were available for employment at lhe new plant; in fact 21 were assigned 

to it". (Enos and Park, 1988, p. 72). 

In addition, they were assigned to more extensive roles in detailed design and procurement, 

and also to completely new roles in the earlierstages ofbasic engineering design. Ifthe first 

project had not been linked in these ways to subsequent learning in the second project, it is 
likely that the history of technology assimilation in the industry would have been much less 

striking. 

A key factor underlying cumulative intra-firm learning was the high level if 

concentradon in the Korean process industries, induced by the govermnent (see below). On 
the contrary, with similar rates of growth in the industries but with low levels of industry 

concentration, the available learning opportunities would have been dispersed across different 

firms with much more limited possibilities for cumulative deepening. 

9.2.4 The loftuenee of Government Policy 

The ways in which govermnent influenced technology assimilation in Korea during the 1970s 

and 1980s have been well outlined in previous studies and only a brief reminder is needed 

here.9 I distinguish between three areas of govemment influence: (1) the development of 

9 See Amsden (1989) and Enos and Park (1988) for details relating specifically to the industries covered bere. 

Excellent treatment of more general issues is provided in Westphal (1982; 1990), Pack and Westphal (1986) and 

Kim (1993; 1997). 
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in:frastructural institutions supporting technological capability building in the process 
industries; (2) the provision of support for finn-level investment learning; and (3) the shaping 
of broader economie and financial policies in ways that influenced the intensity of 
assimilation efforts in industry. 

lnfrastructural Institutions 

By the 1970s Korea had already established a large-scale and effective education and training 
system at all stages through to tertiary education in the universities. Moreover, within the 
higher levels of that framework, considerable emphasis was placed on science, engineering 
and related subjects. Employers in the process industries were therefore able to reeruit 
employees with a broad base of general knowledge and skilis upon which to build their own 
investments in deepening human capital. Then in the mid-1970s the govemment launched a 
major push into the development of postgraduate education in science, engineering and 
management - initially centred on the establishment of the Korean Advanced Institute of 
Science and Technology (KAIST). Again this provided finns with a flow of basic skills and 
know-how upon which to build their own more specialised leaming. 

The govemment also developed a number of R&D institutes intended to support the 
development of emerging industries - starting with the Korean Institute of Science and 
Technology (KIST) in the late 1960s, and then following with more sectorally specialised 
institutes. In practice, however, these did not play an important role in the technological 
leaming of the industries covered here. 10 

Support for Firm-Level fnvestment in Capability Building 

As is well known, the Korean govemment played a major role in developing the broad 
strategies for industrial development that led to the major expansion of the large-scale 
process industries in the early 1970s. But, in addition, especially at early stages ofthe growth 
of these industries, the govemment was also directly involved in aspects of project 
management in ways that had a considerable influence in shaping the intensity with which 
assirnilation processes were pursued. This seems to have involved two different kinds of 
activity. 

One consisted of involvement in, or strong influence over, the negotiations with 
international suppliers of engineering services and equipment. Parts of this involvement were 
obviously focused on financial issues, but other parts were explicitly centred on the nature 
and intensity of the leaming arrangements incorporated in the contracts for instance, the 
insistence on securing training in design engineering, not just in operation and maintenance, 

in the contract with Dow for the petrochemical plant at Ulsan. 

10 One ofthe more important roles of these institutes in other industries was to provide finns with sourees from 
which to reeruit experienced research staff and managers when they began to develop their own R&D activities. 
That may also have been of some importance in the large-scale process industries. 



150 Chapter9 

The other involved shaping the organisational basis for entering into the initial 
learning and assimilation activities for instance, in the development of the petrochemical 
industry, involving the Banyang company. When it first became involved in the industry, the 
company had almost no technological capability relating to petrochemicals. But this did not 
mean that the first steps in developing the project were undertaken with zero competence and 
experience. lnstead, the gaverrunent mobilised a team of engineers from a totally different 
organisation that was at that stage the only dornestic company engaged in petrochemical 
production (the Chungju Fertiliser company). This group provided an initial base of 
competence for advising the government, for oversight of the project and for negotiating with 
technology suppliers. 

More indirect influence was applied via incentive schemes that sought to stimulate 
leaming and assimilation activities. Some of these were quite specifically focused on 
strengthening the links between learning in user firms and the emergence of local suppliers. 
Although initiated in the late-1960s, these were not seriously implemented until the mid-
1970s when a base of relevant capabilities had begun to emerge. First, the development of 
local consulting engineering firms was promoted by the Engineering Service Promotion Law 
of 1973. Second, in the late 1970s several measures sought to strengthen the emergence of 
locally produced capital goods by providing preferendal financing and other incentives for 
both the user and producer ofnew locally soureed equipment. More generally the government 
embedded the firms in these industries in a set of strong incentives and pressures to undertake 
their own investment in deepening capabilities. In part, these were fiscal incentives (e.g. for 
training or R&D). Probably more important during the 1980s were more direct financing 
schemes for undertaking R&D- both part-grants and subsidised credit. 

Industrial and Trade Policy 

Industrial and trade policy involved proteetion that was selective, conditionat on performance 
and usually temporary, tagether with a structure of incentives for exports. In general the 
consequence was that the prospect of increased competition in dornestic markets andlor the 
requirementlsubsidies for competing in export markets hung over industries even at the 
earliest stages of their proteetion and development.ll In the particular case of the process 
industries, pressures to engage in export markets were not usuaUy significant, and threats of 
competition in dornestic markets were tempered by concerns about ensuring high capacity 
utilisation in the industry's large-scale plantsP Probably more important, therefore, was the 
other arm of policy national financial management. As is well known, Koreau growth was 
predominantly driven by large business groups or chaebol, which did not simply •emerge' 
autonomously. They were explicitly fostered by the government via the combination of 

11 Westphal (1982; 1990) and Pack and Westphal (1986) are particularly elear about the importallee of these 
modes of policy implementation. They stress also the particular structure of political-bureaucratie-business 
relationships within which this approach to policy was embedded. 
12 Nevertheless, in the steel industry for instance, the govemment provided subsidies for exports and by the early 
l980s POSCO's exports amounted toabout 400A> oftotal shipments. 
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licensed entry into new industries or major expansion projects, plus selective provision of 

credit via the state-controlled banking system. As a result, whether by accident or design. one 

consequence was that the learning opportunities generated by fast industry growth were 

concentrated among very small numbers of firms, providing the framework within which 

cumulatively deepening paths ofleaming and assimilation could be organised. 

But again, as emphasised in several studies, access to licenses and credit was 
conditionat on economie performance by the firms. Moreover, that conditionality was made 

to 'bite'. with poor performance being subject to significant sanction. Even the state-owoed 
POSCO wasnotimmune from these pressures. For example, when the growth ofthe industry 

calledfora second major steel plant location at Kwangyang in the mid-1980s, several ofthe 

chaebol competed with POSCO for the in vestment opportunity. 

9.3 Technological Learning in the Indonesian Pulp and Paper lndustry 

This section describes some of the ways and the extent to which techoological capabilities 
have been build in the Indonesian pulp and paper industry. The main souree of the 

information used here and in the next section is taken from interviews with some of the pulp 
and paper companies in Indonesia, as well as with some of the international companies that 

have supplied equipment and engineering and project management service to the industry in 

Indonesia, conducted in the period 2001-2003 (see Appendix A). Additional information is 

drawn from items in the international trade and teehoical press, supplemented by of statistical 

and other plant level data from the industry LMD described in chapter 4. The available 
evidence indicates different patterns of technological capability building between 

independent mills on the one hand and conglomerate plants on the other. I do not have 
information on the state-owoed pulp and paper mills 

9.3.1 Independent Mills 

For this group of companies only little systematic information is currently available about the 
extent to which production and investment capabilities have been acquired. 13 The pervasive 

low level of teehoical efficiency vis-à-vis the techoological frontier throughout the import 

substituting industrialisation {ISI) period (1974-1984) found in the previous chapter and the 

more descriptive evidence in a number of consultancy reports, indicate that production 
capabilities were severely underdeveloped and the degree oftechoologicalleaming was low. 

The teehoical efficiency scores (further decreasing) suggest that production capability 

remained low during the export-oriented industrialisation (EOI) phase (1984-1997) and 

probably beyond. This is supported by an interview with an expatriate engineer working for 

one of the main paper-machine suppliers. He pointed out that most small independent plants 

13 The findings in this section are based on information from a series of consultancy reports evaluating the 
performance ofthe lndonesian pulpand paper industry during ISI, mainly World Bank (1981), Jaakko Pöyry 
(1984) and FAO (1984) as wellas some interviews with managers ofplants which started operation during tbat 

period 
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simply Jack skilis and expertise to operate the paper machines efficiently. Machines are often 

not working well because of bad maintenance or Jack of basic spare parts, such as power 

cables. High increases in efficiency could often be obtained with simpte solutions. An 

exarnple was given of a paper-machine where performance was increased from 100 to 230 

meters per minute after just one company visit to provide basic advice. The engineer argued 

that such cases of foregone opportunities to achieve large productivity increases were not 

in ei dentaL 

With respect to investment capabilities, which are probably less well reflected by 

standard plant-level performance measures, my impressions suggest a rather mixed picture. 

Information on paper machine instaBation (Chapter 7) and anecdotal evidence suggests that a 

considerable number of firms were involved in re-building of second-hand paper machines 

and thus might have accumulated considerable investment capabilities. In fact, I found 

evidence that one paper producer foliowed an imitator pattem of technological learning 

which was virtually identical to the one exhibited by the Shingpoong paper company in 

Korea, sketched above. In 1974, Surabaya Agung purchased a scrapped Japanese paper 

machine. Only after a period of two years of studying technica) information and trial and 

error production, the machine was put into production for commercial production with a 

capacity of20 tonnes printing and writing paper per day. 

9.3.2 Conglomerate Plants 

In contrast to the independent establishments, the very high technica( efficiency of the 

conglomerate mills suggests that their production capabilities are much more advanced. This 

was confirmed by various interviews with foreign engineers and consultants, which 

consistently argued that paper machine efficiency of in particular APP, APRIL and Aspex is 

of comparable to that ofFinnish factorles because ofwell-trained and experienced personnet 

as well as the strong focus on improving operational efficiency. Some of these issues are 

further explored in the next section. In spite of this, a manager of a teading foreign paper 

company argued that the knowledge and skilis required to produce complex higher value 

added specialty papers is not yet available in Indonesia. Depending on future demand, he 

estimated that it may take 5 to 10 years before this type of paper can he produced in the 

country. 

The evidence points out that there bas been only fragmentary investment capability 

building, limited to only some companies and selected investment project-related activities: 

Preinvestment Feasibility Studies 

The large conglomerates failed or refused to build up competences or experience in 

undertaking feasibility or planning studies with respect to the supply of natura! resources. 

Some in dustry analysts even pointed out the complete absence of such studies for some of the 

large-scale pulp miJl projects. Probably a direct consequence of this is the present situation 

characterised by overcapacity and a shortage of available plantationwood, which suggests 

that many of these companies carry a substantial degree offinancial risk {Chapter 5). 
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Project Management 

To some extent, this is the area where, especially the conglomerate owned pulp and paper 
companies have built up strong competence, presumably building on management 
capabilities already accumulated during investment activities projects in other industries. In 
almast all expansion projects, the companies were responsible for financial aspectsof project 
management from the start. Insome cases they achieved striking success. In particular, both 
APP and APRIL managed to negotiate very low equipment casts for several projects 
(Harianto et al., 1998). For instanee APP applied a strategy of hard bargaining with 

technology vendors, to keep investment cost at a minimum. To obtain the best pricing deals it 
deliberately purchased multiple production units during down-cycles in the global industry 
(Mitchell, 1994; Stafford, 2000}. Examples are the twin installation ofidentical pulp lines at 
the Indah Kiat Perewang and Lontar Papyrus Jambi sites in 1994 and the purebase of four 
state-of-the-art Beloit paper machines of370.000 tpy (Pappens, 1993a). 

Project Engineering, Praeurement and Start Up 

Project execution was generally not undertaken by the conglomerates themselves but was 
carried out by international engineering companies or technology suppliers under contract. At 
least among the larger projects plant and equipment was procured in comprehensive 
'packages' from the major international suppliers, which in some cases resembied turnkey 
projects. These typically included not only the associated project engineering services, but 
frequently also the procurement, installation and start-up services. In contrast to the 
apprentice pattem of technological leaming observed in Korea, these packages typically 
remained similarly comprehensive through successive projects, with little or no change in the 
extent of local participation.14 Observations by one engineer with an international supplier of 
such equipment and engineering packages drew sharp contrasts between this pattem in 
Indonesia and bis campany's experience in China. In the Jatter: 

"The knowledge level and eagemess to leam are both much higher. There are also supporting 
engineering and design institutes for heavy and light industcy in all big cities. These have 
acquired practical experience in the past and now their expertise is used to do aspects of the 
engineering for paper industcy projects. They are leaming all the time. The Chinese paper 
firms themselves have much more of a long-term view of leaming, reverse engineering and 
transferring knowledge totheir companies in order to do it themselves. We have had a number 
of technology transfer agreements with Chinese companies, but never with Indonesian" 
(interview, 2003). 

Nonetheless, the way large investment projects were executed varled in detail between 
campanies and some of the conglomerate owned mills did participate to some degree in 
engineering practices. In the case of APP, for instance, a substantial role in this area was 
played by engineers and managers ofthe Taiwanese pulp producer, Chung Hwa that supplied 

14 In some instanoes these included the civil engineering for which potentlal Indonesian suppliers were 
available. 
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both the second hand equipment and a large part of the overall engineering for the first APP 

pulp Iine at Indah Kiat Perawang in 1984. Since Chung Hwa was an investment partner with 

APP (i.e. part owner ofthe project), its engineering and management was 'semi' in-house, a 

factor that is believed to have contributed to the low investment costs for this plant (Pappens, 

1993a; Mitchell, 1994); and the technical assistance of Chung Hwa is also cited as being an 

important factor in the fast expansion of APP (Pappens, 1993a). Clearly considerable 

technologicallearning took place in the 1984 project and then through the laterprojectsin the 

1990s. However, given this somewhat mixed relationship between the Indonesian owner and 

Chung Hwa, it is not entirely clear who was learning most from executing the investment 

projects. Several close observers of the industry have consistently pointed out that it is the 

Taiwanese employees within APP who are predominantly responsible for the engineering. 

Acquisition by, or transfer to, Indonesian engineers and managers is severely limited, even to 

such an extent that productive capacity is negatively affected. 

A somewhat different pattem has occurred in with respect to APRIL's projects. In the 

case ofthe sequence ofprojects to set up the large pulp lines in the late l980s and the 1990s, 

a single Scandinavian company was responsible for project execution (see Table 9.4). 

However, during the installation of Ria Andalan Pulpand Paper's first and second pulp Iine 

as well as APRIL's Changshu mill in China (Anonymous, 1999), the Scandinavian 

engineering consultant was assisted by Progressive Engineering Construction Technology 

(PEC-Tech), the in-house engineering group ofthe Radja Garuda Mas Group the mother 

company of APRIL. Substantial effort was made to obtain aspects of design engineering for 

later projects over the long term and it is expected that the group would have the necessary 

experience to play a more substantial role in any future project. Nevertheless, so far it bas not 

yet taken any substantial independent responsibility for activities in these areas and the 

Scandinavian consultant has been responsible for the more comprehensive engineering tasks. 

It is also striking that most engineers at PEC-Tech are of Indian origin, pointing at the 

shortage of qualified Indonesian personnet (see below). 

In contrast, a much more positive and rapid sequence of teehuical learning has been 

demonstrated by the paper plants owned by Gudung Garam (Pappens and Pearson, 1993; 
Pappens, 1993b). To meet its own demand, the company diversified in 1988 into the 

production of cigarette paper, one of the most sophisticated and technically demanding paper 

grades because it has to meet tight specifications with respect to features like oombustion and 

thinness. Great effort was made to obtain the necessary production capabilities by sending 

personnet to France, where the paper machine manufacturer was located. Subsequently, 

without any foreign involvement, the capacity ofthe machine at the Surya ZigZag mill was 

raised above design specifications and further increases were planned at the time of the 

report. Then in 1993, five years later, Gudung Garam opened a second paper mill (Surya 

Pamenang) to produce, amongst other products, liquid packaging board, another sophisticated 

type of paper. Building on previously acquired experience, the company took full 

responsibility for basic engineering and project management: 
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"We took copious notes and gained alotofexperience from the instanation ofthe SuryaZig Zag 
machine, when we acted as subcontractor to Jaakko Pöyry. For the new PM, we feit confident 
enough to use Gudung Garam own's engineering department, doing all the design work, and we 
were our own consultants, obviously working closely together with the equipment suppliers. It 
saved a lot of money and total investment amounted to ouly US$ 140 million" (Setiadi Widjaja, 
director ofSurya Pamenang, cited in Pappens, 1993b). 
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As noted earlier, this pattem of cumulative intra-firm learning was common in the 

development of the Korean process industries. lt appears to have been unusual among the 

projects undertaken during the rapid expansion of the fudonesian pulp and paper industry 

after the late-1980s. 

Embodiment in Physical Capita! 

As described in Chapter 7, dornestic production of pulp and paper machinery never took off 

in mdonesia and virtually all equipment needs to be imported. 15 Some mills have their own 

workshops to repair and produce basic spare parts, but this bas not resulted in local 

production of equipment. Consequently, little bas been made of the hu ge opportunity 

presented by the expansion of the industry since the late 1980s. Only very recently, a paper 

mill in Kudus (Java) bas started to produce parts of paper machines commercially 

(Ibnusantosa, 2002). However, according to a local representative of a large technology 

supplier, the equipment produced is very basic and not comparable in quality to foreign 

imports. hl this context it is interesting to note that, rather than a local firm, perhaps with 

know-how spilling over from expertise accumulated intheuser industry, it has been Voith, 

one of main global suppliers of paper and pulp equipment that opened a smalt workshop in 

2000 to produce machinery and support services in mdonesia. So fàr, only simpte items such 

as rolls are produced, and more technologically sophisticated parts still have to be imported. 

9.4 Determinants ofTechnological Learning 
This section reviews key processes, which have influenced the process of technological 

learning ( or the lack of it) in the Indonesian pulp and paper industry. Similar to the Korean 

case, I subsequently address: (1) investment in learning, (2) opportunities for cumulative 

capability building, and (3) government policies. Due to limited data availability I focus 

mainly on the EOI phase. 

9.4.1 lnvestment in Learning 

Before reviewing aspects of tirm-Ievel investment in training and experience acquisition, it 

may be useful to sketch a little of the wider context of education and training provision in 

pubtic institutions upon which the firms could draw. At the end ofthe 1980s, about 10 years 

15 In contrast, in Brazil, which pulp and paper industry development is oomparabie to that of Indonesia, already 
in the 1950s and 1960s severallocally owned paper machinery manufacturers began operations (Scott-Kemmis, 
1988). 



156 Chapter9 

after the growth of the industry had accelerated under the ISI policy regime, but before the 
massive increase in pulp and paper capacity in the 1990s, available education and training in 
Indonesia was insufl'icient to meet the industry's needs. Laurila (1989) indicates that the 
industry faced difficulties in recruiting qualified Indonesian technical staff and skilled 
operators, and this was perceived by many mills as a significant difficulty and constraint on 
operations. Alongside greatly increased vocational training in specialised skilts required by 
the industry, he suggested that at least two universities offering higher level training in pulp 
and paper technologies would be needed to accommodate increasing demand for engineers 
and highly skilled technical personnet (Laurila, 1989, p. 79). 

Ten years later, the situation had changed but a little. There were two institutions 
offering higher technica! education specific to the pulp and paper industry (Sutopo, 2000). 
One, the Winaya Mukti University, offers only one semester of specialised training in pulp 
and paper technology. The other, the lnstitute for Research and Development of Cellulose 
Industries {IRDCLI) offers a much more substantial three-year bachelor programme. Some 
other universities offer courses in related fields, such as chemistry, chemica[ engineering, 
process technology and industrial management, but the extent of specialisation in pulp and 
paper technology is usually quite limited. For example, the Faculty of Forestry of the 
Agricultural University in Bogor provides master and bachelor degrees in wood science and 
technology with only an option in pulp and paper technology. 

In addition to these higher education programmes, IRDCLI bas arranged various short 
training programmes for mill personnet Since 1990 it has offered more than 26 different 
courses in four subject areas, i.e. pulping technology, papermaking technology, 
environmental technology and pulp and paper management (IRDCLI, 2001). There seems 
have been a rising trend in the number of people trained annually in the 1990s. However, the 
average number was only 112. This seems quite low, relative to the large number of mills, 
and a detailed look at the data, shows that training by IRDCLI has been confmed to a fairly 
small number of them: state owned companies, about ten private mills and several industry 
suppliers. 

With such limited change in the extemal provision of education and training, the 
industry's manpower supply problems increased in the 1990s, and by the end ofthe decade 
one observer could only lament the mismatch between plans and efforts to expand investment 
in the industry on the one hand and the limited efforts to increase the supply of human 

resources: 

"It is ironie if we see the fast development in pulp and paper production capacity without 
support by any significant development in human resources who manage and operate the 
industries in Indonesia" (Sutopo, 2000, p. 11 ). 

This picture of limited development of human resources by institutions outside the industry 
seems to have been matebed by the pattem of intra-firm investment in training. During the 
ISI period such investment appears to have been very scarce. However, as the industry 
expanded rapidly after in the late 1980s, the lack of extemal schooling tailored to their needs 
forced companies to build their workforce from the ground up (Anonymous, 1998). Several 
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mills have set up their own training facilities and initialed programmes to send some of their 
staff abroad for additional education. Based on a study of technological capabilities in five 
Indonesian paper mills, Table 5 indicates several features of this firm-level investment in 
human capita!. 

Table 9.2: Engineering Employment and Machine Operator Training, 2001 

Conglomerate mills (APP) 

PindoDe/i lndahKiat 

Tangerang 

Employment 

Nmnber of employees 355 92 

Share of Engineers(%) 19 5 

Training of machine operators(%) 

At least high school 81 85 

Intemal training 75 97 

Extemal training 60 36 

Training by supplier 50 97 

Source: Jonker (2002). 

Independent mills 

Kertas Bekasi FajarSurya 
Teguh Wisea 

lil 892 

15 

58 95 

100 67 

2 4 

13 3 

Papyrus 

Saktt 

299 

50 

na 

18 

18 

The table covers two mills run by large conglomerate companies and three by smaller 
independent firms. There is considerable varlation among the second group, particularly 
between the relatively high proportion of engineers in the large Fajar Surya Wisea mill (one 
of the teading packaging paper manufacturers in Indonesia) and the very low proportion in 
the other two. Perhaps more striking is the difference between the two groups of firms. In 
particular, very low proportions of the paper-machine operators in the smaller/independent 
mills had undergone external training or training by supplier companies. 

The picture is somewhat different among the plants owned by the larger 
conglomerates. Compared with the smaller/independent mills, the two conglomerate mills 
included in Table 5 organised extemal training and training by supplier companies for much 
higher proportions of their paper-machine operators. However, three issues have been 
important in limiting the impact of such programmes. First, the overall scale of these efforts 
appears to have been relatively limited. Certainly it appears to have been inadequate to meet 
the scale of what was needed. This is confirmed by data on tirm-Ievel investment in training 
for pulpand paper millsover the period 1995-1997 from the pulpand paper industry LMD, 
which consistently reports zero values. It is clear that, more than ten years after the start of 
accelerated growth of the industry in the late-1980s, there is a severe structural shortage of 
skilied and experienced paper and pulp machine operators. Various interviews with 
consultants, technology suppliers and mill managers have consistently corroborated that this 
is a major problem. The condition of the Iabour market is consistent with these views. The 
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local supply of qualified Iabour is so tight that companies have been competing against each 

other for the best paper graduates (AUSNEWZ, 1999) and have initiated incentive 

programmes to prevent loosing personnel. For example, after basic training, APRIL 

eneaurages operators to rotate over various positions, to be able to operate all sections of the 
mill. Candidates can earn a 20 percent wage increase after each successful completion, up to 

a total of 100 percent (Anonymous, 1998). lndah Kiat, a large pulp mill, owned by the 

Kalimanis group, is paying its workers 40% above minimum wage (Mitchell, 1994). 

A second issue Iimiting the impact of firm-level investment in human resources has 
been the fragility of the skiU-base upon which the firms have been building. In particular, 

although the basic education level of Indonesian operators in the larger plants is often good, 

the training provided by suppliers has often been hampered by weaknesses in the technical 

knowledge and practical skill levels of the trainees. One supplier company engineer with 
experience of start-up training packages to support the installation of new paper machines in 

several countries emphasised the significanee ofthis: 

"Trainees in lndonesia ftequently lack the basic engineering knowledge and insight required 
to grasp explanations of the machine working (for instance, in hydranlics). However the 
standard training packages do not start with these basics, although they are needed. Cnstomers 
can specitY extended training programmes to address such problems, but this is not typically 
done in Indonesia" (Interview, 2003). 

A third feature of the firm-level training schemes is that they have been concentrated very 

heavily on the acquisition of operating and maintenance competence, with little attention 
given to higher level engineering and project management skills. This appears to have been 

the case even among the training arrangements with international suppliers. These companies 

typically provide standard packages of training for operation and maintenance in association 

with plant instaBation and commissioning. Also in a few instances small teams of around 5-
20 people have been sent overseas for short periods of training with the suppliers typically 

lasting up to a month. Except for the some of the larger conglomerate owned mills (see 

previous section) I have failed to identifY any significant initiative that was designed to 
secure substantial training and/or overseas experience in aspects of design engineering or in 

the demanding areas of project planning and management. 

This apparently exclusive focus on acquiring skilis and know-how to operate and 

maintain the physical facilities of new plants has been, of course, in sharp contrast to the 

practice in Korean process industries that bas been outlined above. Also, as described to us 
by managers and engineers in international supplier companies, the pattem in Indonesia has 

been in marked contrast to their current experience in other situations. In China, for instance, 
paper companies take a longer term view of their leaming relationships with the suppliers, 

seeking much more intensively to acquire underlying design-related knowledge and 

expertise, as well as undertaking their own reverse engineering efforts to strengthen their 

competence in such areas. 

One simple consequence of all these limitations in the industry's investment in 

leaming bas been that many companies have relied heavily on foreign capabilities to occupy 



Technological Learning and Assimilation 159 

positions requiring significant technological or techno-managerial competence (Laurila, 
1989; Anonymous, 1998). Table 9.3 presents a decomposition ofthe Iabour force over time. 

Although the number of employees in the industry increased by a factor five, and around 

80,000 people were added to the workforce, expatriate engineers and managers have 

consistently accounted for around one percent of the total Iabour force. There seems to be a 
decline in the 1990s but this is likely to be caused by the overmanning effects in the large

scale facilities, which employ a relative very high number oflocal production workers. 

Table 9.3: Dornestic and Foreign Employees, 1985-2000 

Loc al Foreign Total 
1985 17,426 (98.33) 296 (1.67) 17,722 (100) 

1986 18,062 (98.54) 287 (1.57) 18,329 (100} 

1987 18,298 (98.47) 285 (1.53) 18,583 (100) 

1988 19,444 (98.58) 280 (1.42) 19,724 (100) 

1989 29,076 (98.46) 454 (1.54) 29,530 (100) 

1990 32,884 (98.67) 442 (1.33) 33,326 (100) 

1991 36,091 (98.68) 482 (1.32) 36,573 (100} 

1992 45,847 (98.26) 810 (1.74) 46,657 (100) 

1993 48,695 (98.52) 732 (1.48) 49,427 (100) 

1994 50,434 (98.82) 603 (1.18) 51,037 (100) 

1995 70,920 (98.91) 783 (1.09} 71,703 (100) 

1996 74,592 (98.92) 816 (1.08) 75,408 (100) 

1997 79,068 (98.87) 900 (1.13) 79,968 (100) 

1998 79,568 (98.88) 900 (1.12) 80,468 (100) 

1999 95,161 (99.05) 910 (0.95) 96,071 (100) 

2000 95,665 (99.03) 935 (0.97) 96,600 (100) 

Note: Shares in between brackets. 

Source: APKI (various issues) 

All observers of the industry agree that, despite the difficulties and limitations noted above, 

substantial cadres of trained machine operators and maintenance technicians were being built 
up and were acquiring operational experience as the successive plants started up. This is 

probably more so for the large conglomerate mills than for the smaller independent operating 

plants. Evidently a substantial process of learning at the operational level was under way. 
However, as illnstrated in the previous section, this process was much more limited with 

respect to the acquisition of 'higher level' capabilities, including engineering, management 

and design competence. 

9.4.2 Opportunities for Cumulative Technological Capability Building 

As I discussed earlier, the highly skewed distribution of investment projects across firms in 

the Korean process industries positively influenced the possibility of linking into cumulative 
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learning processes the acquisition of capabilities and their application in practice. I review 
this aspect of the growth of the Indonesian pulp and paper industry in this section, as well as 

two other issues that influenced the extent to which knowledge resources in one period were 

mobilised in subsequent periods into cumulative leaming processes: the scale of plants set up 

during the expansion of production capacity during the 1990s, and the speed of that 
expansion at the company level. 

Figure 9.1: Distribution ofCompanies by Number ofPaper Machines,1984 and 2000 
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Source: Pulpand paper industry LMD. 
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Distri bution of fnvestment Projects across Firms 

7 8 37 

Before the EOI phase, the inter-firm concentration of output and investment was very limited. 

Till the 1970s, the sequence of investment projects to set up new mills was essentially under 

one 'owner' - the state. However, these seem to have been treated as largely independent 
projects in different parts of the country. Subsequent expansion during the ISI period was 

fragmented among a large number of firms, and by the end of the period there were more 

than thirty, with the majority of these eperating only one or two paper machines, providing a 

very limited basis for a cumulative learning process running between the investment projects 
(Figure 9.1). Only fora few firms the timing of major expansion steps allowed the possibility 
of mobilising such a cumulative learning process through a sequence of more than three or 

four projects. In practice, however, with the limited intensity of active investment in 
technologicallearning, the potential gains :from those possibilities seem to have been far :from 

effectively exploited. 
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Table 9.4: Indonesian Pulp Lines, 1984-2001 

Start-up• MiJl and pulp line Initia! Capacity after Main technology Contracting 
capacity debottleneckiog supplier engineer 

(tpy) (tpy) 

Sinar Mas/APP 
1984 Indah Kiat Perawang: 100,000 120,000 Rauma Repola Pro-Plan& 

Pulp 1ine #1 (second hand) ChungHwa 
1990 Indah Kiat Perawang: 180,000 380,000 Sunds Defibrator Technology 

Pulpline#2 suppliers 
1994 Indah Kiat Perawang: 410,000 545,000 K vrerner Pulping Technology 

Pulpline#lf' suppliers 
1994 Lontar Papyrus (Jambi) 410,000 545,000 K va::rner Pulping Technology 

suppliers 
1997 Indah Kiat Perawang: 550,000 sso,()()(f na na 

Pulpline#9 
Total 1650,000 2140,000 

Raja Garnda MastAPRIL 

1988 Inti Indorayon Utama 180,000 240,000 Rauma Repola Sandwell & 
Jaakko Pöyry 

1995 RAPP: Pulp line #I 750,000 900,000 Sunds Defibrator Jaakko Pöyry 

2000 RAPP: Pulp Iine #2a 450,000 450,000d Metso Jaakko Pöyry 

2001 RAPP: Pulp line #2b 750,000 750,000d Metso Jaakko Pöyry 
Totaf 1950,000 2100,000 

Kalimanis Grnup 
1997 Kiani Kertas 450,000 450,000d Beloit & Ahlstrom Simons 

Barito Group 

2000 Tanjung Enim Lestari 450,000 450,~ na Kloclmer Stadier 
Hurter 

161 

Investment 
(million 
US$") 

na 

na 

520 

620 

na 

na 

1,300 

520 

1,300 

1,300 

1,300 

Note: • There is a lag of allout two years between beginning of constroction and start-up of pulp line; b Due to superstilion 
pulp lines 3 to 7 are skipped; • In 1999 Inti Indorayon was sold (Appendix D). It is therefore not included in the total for the 
Raja Garuda Mas/APRJL; d No additional information on debottleneck:ing available so initia! capacity is assumed; • 
Investment costs are approximate figures and exclude debottlenecking. 

Source: Sonnenfeld (1999), AUSNEWZ (1999), Kenny (1997), Mitchell (1994), Stnssman (1998); Barr (2001a); Paperloop 
(2003); interviews. 

That pattem changed during the late-1980s and the 1990s. Although the majority of the 
industry remained dispersed across a large number of fmns, the concentration of output and 
investment in a small number ofvery large firms increased substantially (see Chapter 6). By 
2002, about 80 percent ofthe finns had installed three or fewer machines, but five companies 
had installed seven or more, with APP accounting for nearly forty. As an indicator of the 
concentradon of investment, this figure is slightly misleading. A significant part of APP's 
expansion (accounting for around one-third of the 37 machines) had been achieved by the 
acquisition of existing firms with paper machines already installed. Nevertheless, this large 
firm accounted fora very large proportion of capacity expansion during the 1990s. It set up 
nine of the twelve largest Indonesian paper machines during the decade. This high 
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concentration of investment was similarly striking in the pulp sector of the industry. As 
indicated in Table 9.4, only APP and APRIL were responsible for nine of the total of eleven 
(wood) pulp lines. 16 In addition, these companies also invested heavily in raising existing 
capacity through a series of debottlenecking projects, which, in the case of APP, accounted 
for al most 25 percent of total expansion. 

In principle therefore, with a large number of paper mill and pulp line investment 
projects over the fifteen years or so from the mid-1980s, these two companies had very 
substantial opportunities to build up impressive, cumulative learning processes, like some of 
the Korean companies have done. As I have outlined earlier, however, these opportunities 
were only very weakly exploited. Clearly therefore, a lengthy sequence of learning 
opportunities was not a sufficient condition for effective learning. 

PlantScale 
The very large scale of the newly established plants, especially in the pulp sector, may have 
had some significantly negative, longer-term implications for learning and assimilation. The 
most obvious was the impact on the frequency of investment projects. As indicated in Table 
9.4, the initial designed capacity of the pulp lines set up during the 1990s was very much 
larger than those installed earlier. During the early 1990s the APP plants with capacity 
greater than 400,000 tpy were at the international frontier of plant-scale. The subsequent pulp 
lines with capacities exceeding 500,000 tpy, especially the 750,000 tpy APRIL plants, were 
themselves pushing up that international scale frontier to new levels. Ifthe design capacity of 
the pulp lines established during the 1990s had been around 300,000 tpy, the number of 
projects would have roughly doubled for each company. At least in theory, that would have 
opened up greater opportunities for progressively deepening and extending the companies' 
engineering and management capabilities through more regular sequences of interaction 
between the initia! acquisition of competence and its application in practice. Even so, as just 
mentioned above, there seemed to have been sufficient opportunities for cumulative learning 
given the large scale of newly constructed plants. It is therefore unlikely that increasing the 
frequency of investment by means of installing smaller pulp and paper mills would have 
made much difference. 

However, there were also other, more negative consequences of the huge plant scale. 
These arose primarily because various forms oftechnological and operating complexity were 
necessarily associated with large scale. One consequence was that a substantial technological 
discontinuity was introduced between capabilities developed during the earlier phases of 
industry growth and the capabilities needed for expansion via large-scale plants from the late-
1980s onwards. Capabilities acquired in the earlier period, related to 'simpler' technologies, 
were rendered redundant. They were disconnected from participating effectively in the 
'doing-based' leaming opportunities in the later expansion period. For exarnple, there are 

16 Only including wood pulp lines. In addition there are also a few very old bagasse pulp lines in lndonesia 
belonging tosome ofthe public pulpand paper mills. 
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several companies (including Surabaya Agung, mentioned above) which probably developed 
some experience with the installation and possible re-building of second-hand paper 
machines but relied on foreign suppliers to undertake the installation and initial operation of 
the larger scale, more complex paper machines during later phases of expansion. 

More generally this scale-complexity factor was a major issue contributing to one of 
the aspects of limited assimilation I noted earlier: the persisting high level of expatriate 
engineers and managers engaged in installation, commissioning and operation. The 
importance of the issue was highlighted by an engineer from one of the international supply 
companies who had extensive experience in Indonesia over many years. Commenting on the 
very large-scale plant that was set up by one of the two large conglomerates, he noted: 

"This is a special feature ofthe Indonesian industry. They instal1 only these giants. Everything 
has to be the biggest, the newest and the most beautiful. This creates difficulties for 
transferring and developing the underlying technology and know-how. Although the mil! is 
running quite efficiently now, they had thought at the beginning they would be able to operate 
without expatriates. That has not proved to be the case, and they have had to continue with a 
considerable number. In particular all the mill managers and the mill operations managers in 
this plant are expatriates" (interview, 2003). 

The high levels of Iabour mobility experienced by the larger plants no doubt contributed to 
this situation, but one other aspect ofthe industry's growth also seems to have been important 

the overall speed with which the large conglomerate companies sought to expand capacity. 

The Speed of Capacity Expansion 

As indicated in Table 9.4 for the case of pulp production, capacity expansion by APP and 
APRIL not only involved large-scale individual pulp lines, it involved the installation of these 
in a very rapid sequence in single overall plants. The APRIL pulp mill at Riau Andalan, for 
example, achieved a total scale of two million tons within about seven yearsP This rate of 
expansion was unprecedented in the global experience, of the industry and was closely 
matebed by APP's Indah Kiat Perawang mill (see also AUSNEWZ, 1999). Managers in 
several supplier companies with worldwide experience indicated to us that this Indonesian 
expansion moved so fast that there was no way the companies could learn to use the 
technology at the same speed. 

Obviously, however, the issue is not about a total absence of effort to build these 
kinds of capability. It is about the relative speed of accumulation of physical and human 
capital. As mentioned above, some development of local technological capabilities was going 
on but this seems to have been a relatively slow process. For instance, one observer recently 
suggested that probably some of the large mills can be operated without expatriate support 
''within 5-10 years" - i.e. about 20-25 years after the rapid growth of the industry was 
identified as a major national priority in the late 1980s. The rate of accumulation of physical 
capital has clearly run far ahead of the accumulation of human resources needed to achieve 

17 In contrast, it took Aracruz (Brazil), the only other pulp mill of comparable size in the world, almost twenty 
years to reach a capacity of2 miltion tpy (Kytölä, 2001). 



164 Chapter9 

even operational assimilation ofthe industry's technology. This is in totally marked contrast 

to the earlier experience in Korea where, for instance, the roughly comparable case of very 

rapid expansion through investment in a succession of new steel plants at POSCO was 

matebed by a massive investment in human capita! and the achievement of operational 

assimilation ofthe technology within only a few years ofthe start ofthe industry's growth. 

The scale-complexity factor has also been important in limiting the extent to which 

the industry has become embedded in alocal supplier industry. As noted earlier, almost none 

of the basic equipment for the large plants is locally sourced, and the complexity of the large

scale plants bas contributed to this. For instance, even relatively routine items for the larger 

plant units have to meet much more demanding specifications - e.g. the pipe-work for pulp 

lines has to be in high quality stainless steel. An engineer from one of the technology 

suppliers indicated that all the pipework for the large Indonesian pulp plants has been 

imported, accountingforabout 10 per cent of total investrnent cost. This contrasts with the 

supplier's experience in China, and even Vietnam, where local sourcing of such items is 

greater- largely because the plants are smaller and less complex. 

9.4.3 The Intluence of Government PoHcy 

Itifrastructurallnstitutions 

I have already sketched the limitations ofthe public sector education and training institutions 

as sourees of human resources for the industry through the period of the industry's growth 

since the 1970s. Similarly, the only industry related R&D centre for the pulp and paper 

industry, the lnstitute for Research and Development of Cellulose Industries (IRDCLI), made 

a limited contribution to the assimilation ofthe industry's technology. lt is one ofthe nine 

industry specific R&D institutes set up by the Agency for Industrial Research and 

Development (BPPI), part ofthe Department oflndustry and Trade (Lall, 1998). Several site 

visits and interviews, revealed that the general characterisation of the probierus associated 

withall BPPI's research institutes also fit the IRDCLI:18 

"BPPI's R&D eentres are mostly engaged in product certification, training and testing 
activities rather than in R&D activities proper. Their Research staffis generally not well 

trained, and are often not aware of the latest technological developments in their fields. 
Moreover, much of their laboratory equipment is obsolete because the eentres are under 

fimded Hence they are not in the position to provide adequate technica! information or 
technology support services to lndonesia's manufacturing firms" (Thee, 1998 ,p. 125). 

IRDCLI's description of its tasks includes " ... training, material testing (product and by

product), calibration, quality control standard, teehoical and environmental services, 

consultancy and design engineering" (IRDCLI, 2001, p. 1). Ofthese, training and testing are 

the main services provided for the industry, while activities like engineering, applied or basic 

R&D are hardly undertaken. Government funding for the institute was already weak during 

the 1980s and early 1990s. The number of employees feil from about 340 to 250 between 

13 V arious interviews and site visits, 200 l. 
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1985 and 1995, and only about 2 per cent of tbem had postgraduate qualifications. Not 

surprisingly, the 1997 crisis bas made this situation worse. Govemment funding to tbe 

IRDCLI bas been considerably reduced. The number of staff bas fallen further to less than 

200 in 2000; research equipment that was of decent quality in tbe late-1980s (Laurila, 1989) 

has not been adequately maintained; the operation of a pilot pulping line has been 

discontinued; and it bas not been possible to rnaintaio joumal subscriptions or hook purebases 

for the small but extensive library .19 

Support for Firm-Level fnvestment in Capability Building 

In contrast to Korea, the govemment has played almost no role in positively influencing 

private sector investment in training and learning. There is a limited fiscal incentive system to 

support tbis activity, but no any other kind of inducement or persuasion. Nor has tbe 

govemment played a direct role in helping to shape the terms of contracts with international 

suppliers with respect to training and leaming in key areas of engineering and management. 

In short, the govemment bas fhlled to play any positive role in influencing firm-level 

acquisition and accumulation of capabilities needed to assimilate the technologies used in an 

industry for whicb it set ambitious national growth targets nearly twenty years ago. 

Intlustrial and Trade Policy 

As in many other countries, the ISI regime incorporated no positive incentives to acquire and 

accumulate assimilation capabilities.2° In particular, and in contrast to Korea, trade proteetion 

was essentially permanent and unconditional with respect to achieved economie performance. 

At the same time, tbe pattem of entry to the protected industry resulted in a low level of 

concentration and a population of relatively small firms undertaking infrequent investment 

projects. 

In the subsequent EOI period, the wide range of capita! subsidies, including the 

provision of cheap forest resources, plantation subsidies, soft loans from state-owned banks, 

off-budget capita! allocations and generous tax deductions (see chapter 5), concentration was 

heavily promoted and facilitated. On the face of it, this set of arrangements was broadly 

simHar to the means used by the Korean govemment to foster the growth of large, industry

leading companies during the 1970s and 1980s. However, in marked contrast to practice in 

Korea, these resources were not provided in Indonesia on terms tbat were conditionat on 

achieving any kind of economie performance. Indeed, far from there being any performance

related sanctions, the terms for most of the subsidies were frequently based on politica! 

directive rather than prudent cast-benefit analysis. 

But the point is not simply that a low priority was attacbed to efficiency in using the 

subsidised capita!. It is that these measures became significant sourees of profit and operated 

19 Indeed, heavy rains recently flooded the library and many books have been lost. 
20 See Bellet al. (1982) for such an example with respecttosteel finishing industries in Thailand during the late 
1960s and early 1970s 
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in ways that attached virtually all the incentives to the process of capital accumulation itself. 

What happened thereafter had very little weight at all in the entrepreneurlal calculus, and 

capital accumulation became and end in itself, not a means to an end. 
lt is perhaps not surprising, therefore, that capita] accumulation ran far ahead of the 

accumulation of human and organisational resources to assimilate the technology involved. 

Incentives to invest in engineering and management capabilities in order to increase the 

efficiency of process operation and to rednee the costs of future projects must have been very 
low, and possibly even negative. But at the same time, the incentives were very high to 

proceed with investment in the highest possible plant scales and at the fastest possible rate of 

expansion - aspects of the investment process that further reduced the possibilities for 
effective technologicallearning. 

9.5 Korea and lndonesia: A comparison 

It is clear that there was a very substantial difference between the degree of technological 
Iearning in the process industries in Korea and the pulp and paper industry in lndonesia. The 

rate at which technology-assimilating engineering and management competence was acquired 

and applied was very much greater in Korean firms and industries than in the Indonesia case. 

This can be illustrated most strikingly in the comparison between the large lndonesian pulp 
and paper producers and POSCO. In both cases the early stages of rapid expansion involved a 

succession oflarge investment projects stretching over about ten years (1971-1981 and 1984-
1997 respectively). However, by the end that decade the Korean firm had achieved 

comprehensive operational assimilation of the technology it was using. In contrast the 

Indonesian firms still depended almost entirely on expatriate staff for senior engineering and 

management functions at the mill level. After about 25 years the Korean company had 
fostered the emergence of a consulting and engineering company that was competing in 

international markets; and it had developed its own proprietary technology in two key process 

areas at the international frontier. In contrast, in the Indonesian case, the companies are still 
producing in the low value added product segment and it seems likely that the companies will 

require about 25 years to achieve only full operational assimilation ofthe technology. 

In order to pinpoint the main filetors which have caused the differences in technology 

assimilation between the Korean process industries and the large pulp and paper companies 

in Indonesia, Table 9.5 enumerates the three groups of factors influencing these processes 
and to what extent they differ across both cases. In both cases, the opportunities for learning 
and technology assimilation were ample. With fast and protracted rates of growth, the 

frequency of investment projects was similarly high across the industries compared. At the 

same time, the inter-firm concentration of output and investment was considerable in all the 

industries covered, which implies that Iearning opportunities were internalised within a small 
numbers of firms, in turn creating possibilities to reinforce and deepen previously acquired 

technological capabilities. 
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Table 9.5: Determinants ofTechnological Learning 

Korea Indonesia Comparison 

lovestroent in learning 
Investment in production capability acquisition High Limited DIFFERENT 
Investment in investment capability acquisition High Limited DIFFERENT 

Opportnnities for teehnologicallearning 
Frcquency of investment projectsllearuing opportunities High High SAME 
Inter·firm concentration ofinvestment projects High High SAME 
Openness to FDI Low Low SAME 
Export intensity Medium/High High SIMILAR 

Incentives and support for technologicallearning 
Public education and training infrastructurc Strong Weak DIFFERENT 
Role of pubtic R&D infrastructurc Limited Limited SAME 
Industrial and trade policy influence on firm·level Strong Strong DIFFERENT 
learuing positive negative 

The table also lists two additional factors possibly influencing technologicallearning, foreign 

direct investment {FDQ and trade, which have not been explicitly discussed. I have included 

them bere because both have been frequently mentioned in the literature as being important 
sourees of technology transfer and corresponding technology assimilation (e.g. Pack and 

Saggi, 1997; Radosevic, 1999). They did however oot appear to help explain the difference in 

this study. In both cases, FDI was limited and locally owned firms dominated production.21 

Similarly, significant involvement in export markets was both an important feature of the 

Indonesian pulp and paper industry (Chapter 5) and of some of the process industries in 
Korea (e.g. steel, with exports at 40 percent of output). Aside from the fact that both cases 

exhibited similar degrees of exports intensity, international trade per se is not expect to be an 

important channel for technological knowledge. 
In contrast with to the available learning opportunities, the scale and intensity of tirm

Ievel investment in acquiring knowledge, skill and experience was strikingly different across 

both cases. Korean firms consistently committed high levels of investment to building their 

production and investment capabilities, and this commitment was driven by long-term airns 

running far ahead of immediate projects. Indonesian companies, on the other hand, showed 
much less commitment to the investment in training or other means of capability building. In 
the few cases that considerable effort was made to acquire experience, it was ahnost 

exclusively on directed towards building production capabilities rather than 'higher-level' 

engineering and management competence, and to a relatively short-term view that rarely 

stretched much beyond the project under immediate consideration. 

A second striking difference between the Korean and Indonesian case were large 
ditierences related to the support and incentives to assimilate technology. In contrast with the 

21 See Appendix D for information on ownership in the Indonesian pulpand paper industry. 
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Indonesian case, in Korea the government bas made substantial etiort to stimulate firm-Ievel 

capability building. This was not an issue about ditierences in the scale or organisation of 

government R&D institutes. Such ditierences probably did exist, but across both cases the 

public R&D infrastructure had similarly little relevanee to the process of technology 

assimilation. Much more important was the influence of: (a) the scale and quality of pubtic 

in vestment in education and training - very much greater in Korea than Indonesia and (b) the 

influence of government on investment at the firm level - strongly positive in Korea, and 

strongly negative in Indonesia. 
It was in partienlar the latter aspect that can be accounted for the very limited pattem 

of technological leaming in the pulp and paper industry vis-à-vis the very positive Korean 

experience. Superficially, the industrial policies to promotestrong international competitive 

process industries were similar across both cases. However in stark contrast with Korean 
practices, Indonesian pulp and paper companies were not given any incentive to create, 

expand or deepen technological capabilities. Indeed, due to the wide range of subsidies the 

speed and extent of capacity expansion reached a point that it even hampered etiective 

technological leaming. The complexity of the huge plant devalued the nuclei of capability 

inherited from the previous growth period and raised the difficulties of acquiring new 

capabilities. It also limited the potential for local procurement of capita! goods and associated 

services, and thereby linking technology assimilation within the industry to the emergence of 

a wider set of system relationships within the economy as bas happened in Korea. The final 

result of the unconditional industrial policy was not the complete absence of technological 

capability building. Rather than being pervasive as in the Korean case, it became present in 
intermittent and varying ways that reflected idiosyncratic, firm-specific fuctors, often 

associated with the interests and motivations of individual entrepreneurs and senior 
managers. 

9.6 Conclusions 

The aim of this chapter has been to investigate technologicalleaming and assimilation in the 

Indonesian pulp and paper industry and identifY the main factors promoting or hampering this 

process. For this purpose, a comparison was made between Indonesian practices and evidence 

from the Korean process industries. The qualitative empirical analysis pointed out that 

technological leaming and assimilation in the Indonesian pulp and paper industry has been 

highly limited and fragmented, both over time and across firms. There seem to have been 
ditierences in the main mode of leaming between broad types of firm. Albeit only very 

limited information is available, it seems that among the independent firms, only a few 

pursued the achievement of learning more intensively than others - employing a relatively 
larger numbers of engineers, committing more resources to investment in training, and 

building technological capability via reverse engineering and retrofitting of second-hand 

machinery. 
The evidence suggests that the large conglomerate affiliated pulp and paper 

companies, went further in assimilating pulp and paper technology than the independent 
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firms. Instead of reverse engineering, (limited) technological capabilities were accumulated 
primarily via know-how transfer through international channels, assisted by technology 
suppliers. Partly, however, it was also a matter of differences between firms within these 
categories. While APP and APRIL were both much less intensive in their pursuit of learning 
and assimilation than similar large firms in Korea, they went about the process in 
significantly different ways. For instanee in one case (APRIL) there was a commitment to 
develop (albeit very slowly) an in-house engineering group. In the other (APP), the company 

continued to rely very heavily on engineering services from its Taiwanese partner firm. 
Evidence was found for only one business group (Gudung Garam), which exhibited 
technological assimilation to some extent comparable with that achieved by Korean firms. 

Finally, the comparison with Korean process industries pointed out that a lack of 
support (education and training) and wrong incentives (industrial policy) rather than 
opportunities for technological assimilation have limited the degree of technologicallearning 
in the Indonesian pulp and paper industry. 
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Summary and Conclusions 



Chapter 10 

Catching Up, Forging Abead or Falling 
Bebind? 

So far most research on economie growth and catch up has been conducted at high levels of 

aggregation. Therefore it tells us little about what is happening at the industry, firm or 

technology level. The main aim of the thesis is to increase the understanding of industrial 

development and catch up of developing countries at the micro-level. For this purpose I have 

presented a detailed investigation of the evolution of the Indonesian pulp and paper industry 

in a long-run and international comparative perspective. For several reasons this particular 

industry provides an interesting case-study of growth and catch up. First, before the Asian 

crisis in 1997 Indonesia was regarded as one of the East-Asian 'miracle' economies, 

suggesting that the country was on a progressive path of industrialisation and development. 

Second, from the mid-1980s onwards some of the largest and most modem pulp and paper 

lines have been installed in Indonesia, tuming the country in one of the largest producers and 

exporters of paper products in the world, which indicates rapid industrialisation and catch up. 

Finally, the availability of bistorical data of relative high quality also contributed to the 

choice of the industry and country studied. 

The main research questions this thesis tries to answer are: What industrial strategies 

have been used to stimulate the development of the Indonesian pulp and paper industry? How 

did they influence industry evolution? What has been the rate and pattem of embodied 

technological change? Are Indonesian paper mills approaching world best-practice 

performance? And what has been the extent of technologicalleaming in the Indonesian pulp 

and paper industry? 

In this final and concluding chapter I provide a summary of the main findings, 

foliowed by a discussion on the implications of the findings for catch up of the Indonesian 

pulp and paper industry and formulation of in dustrial policy. Finally, the limitations of the 

study and possibilities for further research are pointed out. 

173 
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10.1 Summary 
Part I (Chapter 2 till4) forms the background for the empirical analyses. Chapter 2 presents a 

review of the literature on industry evolution, industrial dynamics and catch up. This chapter 
discusses three, largely separated, strands of literature, which provide insights on these topics 

from the perspective of industrialised, newly industrialising and developing countries. Of 

these three of streams literature the latter seems to be the less advanced. It is in this field that 
this thesis tries to make a contribution. 

Chapter 3 gives an overview ofthe pulpand paper industry. The chapter shows that 

the dynamics and structure ofthe global industry are strongly influenced by four key features: 

(1) supplier dominated technical change; (2) capital and scale intensity; (3) cyclical nature of 

production; and (4) environmental sensitivity. One ofthe most important developments is the 

ongoing shift of the industry from established pulp and producers like Sweden and Finland 
towards a number of developing countries, mainly Brazil, Chile and Indonesia. The main 

factor bebind the rapid growth ofthe latter group of countries is their lower production costs 

caused by the access to abundant fast-growing wood resources. In addition, the establishment 

of large-scale modern production facilities and increasing demand (either dornestic or 
foreign) has played an important role. Finally, the chapter shows that there is a trend towards 

larger companies and increasing concentration. 

Chapter 4 describes the main data sourees used in this thesis. Most of the empirical 

chapters arebasedon a longitudinal micro database (LMD) ofthe Indonesian pulpand paper 

industry, which includes economie and technical data for all Indonesian pulpand paper plants 

from 1923, the establishment of the first mill, till 2000. The database covers 99 percent of 

total installed pulp and paper capacity in Indonesia and can therefore be considered 

representative for the entire Indonesian pulp and paper sector. 
Part 11 (Chapter 5 till9) is the core ofthe thesis. It provides a detailed, qualitative and 

quantitative, empirical study to investigate evolution and catch up ofthe Indonesian pulpand 

paper industry. Chapter 5 gives an bistorical overview of the industrial policies which the 

Indonesian government implemented to foster the establishment of a dornestic pulp and paper 

industry. In total five phases of industrial development can be distinguished in the Jndonesian 

pulp and paper industry: (1) colonial-led industrialisation (1923-1958); (2) state-led 

industrialisation (1958-1974); (3) import substitution industrialisation (ISI) (1974-1984); (4) 

export oriented industrialisation (EO I) (1984-1997); and (5) crisis and reform (1997-present). 

In line with the development of the Indonesian economy, the first two periods were 
characterised by slow growth and relative stagnation. Only during ISI, when the pulp and 

paper industry was protected by high import tariffs industry development accelerated. 

Nevertheless, contemporary evidence suggests that the industrial policy resulted in a highly 

inefficient production structure because many new firms were smal!, non-integrated and 
internationally not competitive. 

After ISI, the lndonesian government radically altered its industrial policy to foster a 

dornestic pulp and paper industry. As part of a general trend towards deregulation and 

liberalisation, it slowly phased out all import tariffs. At the same time the government offered 
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a wide range of subsidies and grants with the specific aim to turn Indonesia into one of the 

world's teading pulpand paper producers. The result was rapid capacity expansion, mainly 

driven by a few conglomerate-owned companies and in partienlar Asia Pulp and Paper 
(APP), which constructed some ofthe largestand most advanced pulpand paper mills in the 

world. Besides government subsidies, weak regulation of Indonesia' s financial system and 

easy access to international finance also stimulated the conglomerate pulp and paper 

companies and invest in new production capacity. 

The Indonesian financial crisis in 1997 put an end to the expansion of the pulp and 
paper industry. It became clear that the large pulp and paper companies had borrowed 

excessively to fund their ambitious capacity expansions and became heavily indebted, which 

forced them to delay or cancel their plans for future expansion. In addition, it was revealed 
that the growth of the pulp and paper industry had not been paralleled by the supply of 

plantation pulpwood, resulting in substantial deforestation. As a result the government 

introduced new regulations which limits the use of mixed tropical hardwood and forces the 

establishment of fully operational pulpwood plantations prior to mill start-up. lt is unclear 
how the Indonesian pulp and paper industry will develop in the future. However given their 

substantial financial problems, the future of the large companies does not look too bright. 
Chapter 6, investigates the market structure and in dustry evolution of the Indonesian 

pulpand paper industry. More specifically, it provides an analysis ofthe evolution of entry, 

exit and survival of firms as well as market concentration for the total industry and for four 

individual market segments from 1923 till 2000. Again, the effect of the various industrial 

policy regimes is apparent. After a period of relative stagnation, the number of firms 
increased sharply throughout the ISI period. In the subsequent EOI phase, with variations 

across market segments, turnover slowed down notably and concentration increased. The 

empirica! evidence shows that the conglomerate-owned firms, and in particular APP, became 
the teading producers in all four paper segments. A striking finding is that parallel to the 

'rise' of the conglomerates, almost all small independently operating firms - most of which 

were established during ISI - managed to survive. This is contrary to patterns observed in 

industrialised countries where the introduetion of a new technology coincides with high exit 
rates (Utterback, 1994; Klepper, 1997). As a consequence, the structure ofthe industry seems 

to he characterised by a 'techno-economie' dual market structure, composed of a few large 

modern firms, owned by business groups, on the one si de, and a group of small independently 

operating firms on the other. This assumption was confirmed by regression and cluster 
analysis, which pointed out that conglomerate-owned plants exhibit significantly higher 

performance in seven techno-economie variables than single plants. The available 

information suggests that not one but the cumulative effect of a number of elements, ranging 

from macro-factors which reflect general underdevelopment of the economy to market 
distorting industrial policies, have been responsible for the emergence of a dual economie 

structure. More detailed tirm-Ievel data is required to assess the relative impact ofthe various 

explanatory factors and make stronger claims. 

Chapter 7 focuses on embodied technical change in the Indonesian pulp and paper 
industry. The diffusion and adoption of paper making machinery has been analysed using a 
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machine index, which measures the sophistication of each paper machine in Indonesia vis-à
vis the world technological frontier for the period 1923-2000. The analysis indicated astrong 
correlation between industrial policy and technology diffusion. The equipment installed by 
the Dutch producer in the colonial period was of reasonable quality but in the subsequent 
state-led and ISI periods the Indonesian pulp and paper industry was falling swiftly bebind 

the technological frontier. Only at the end of the ISI period and throughout the EOI phase 
evidence was found for embodied technological catch up. After 1997, during the period of 
recession the machine index indicates relative stagnation. However, an in-depth analysis of 
the data revealed that embodied technological catch up was very uneven. Only a few 
conglomerate companies installed world-class paper making equipment, while most other 
companies purchased relatively outdated machinery. 

In Chapter 8, I compared trends in the level of Iabour productivity and teehoical 
efficiency of Indonesian and Finnish paper plants. The latter can be considered the world 
technological leaders in paper manufacturing. For the analysis I constructed a Finnish LMD 
similar to the Indonesian dataset and compiled unit value ratios to convert the output of both 
countries into the same currency. Due to data limitations the analysis only covers the ISI and 
EOI periods (1974-1997). The results for Iabour productivity and teehoical efficiency 
correspond well with the bistorical development of the pulp and paper industry. During ISI 
relative Iabour productivity of Indonesian paper mills decreased from about 25 percent in 
1975 to 12 percent in 1986, foliowed by a period of catch up during the EOI phase in which 
relative productivity increased to 30 percent. Figures for technica) efficiency are similar. 

Even so, a detailed examination ofthe plant-level data clearly showed that only a few 
paper mills reached the performance levels of their Finnish competitors, while the majority 

stayed far bebind. In line with the findingsin Chapter 6 and 7, it have been the conglomerate
owned plants, which were rapidly closing the gap with their Finnish competitors, while the 
remaining plants exhibited relative stagnation or were even falling bebind completely. 
Decomposition of the teehoical efficiency scores indicates that through a combination of 
takeovers, market share expansion and the establishment of new factories, conglomerate 
plants can be regarded as main drivers of catch up, while independent and public 
establishments contributed negatively to aggregate performance. Catch up of the Indonesian 
pulp and paper industry vis-à-vis the global technological frontier can therefore be 

characterised as a highly localised process in which only a few firms have achieved near best
practice performance, while mostothers were falling bebind. Finally, the teehoical efficiency 
scores were correlated with a number of explanatory factors to investigate possible causes for 
the performance gap between Indonesian and Finnish mills. The analysis pointed out that 
national effects are an important determinant of international ditTerences in technica! 

efficiency. However, this outcome should be interpreted with care as data limitations 
prevented the ioclusion of several potentially important firm level determinants, such as the 
education ofthe Iabour force, which may have biased the results. 

Chapter 9 presents a more qualitative examination of the extent of technological 
learning in the Indonesian pulp and paper industry and tries to identify some of the main 
factors that have influenced this process. In order to do so, the chapter addresses two 
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additional issues. First, it describes the process and determinants of technological learning in 
process industries, such as pulp and paper manufacturing. It contends that in this type of 
industries technology suppliers play a crucial role as a souree of technological knowledge, 
whereas OEM and exporting, often cited as powerfut channels of technology transfer in 
assembied product industries, are much less relevant. Second, it presents a detailed account of 
technological capability building in the Korean process industries, mainly drawing on the 
workof Westphal and associates (1982; 1985), Enos and Park (1988), Amsden (1989) and 
Kim (1997). As has been explained in Chapter 2 Korea is one of the key examples of 
successful catch up by a late-industrialising country. lts experience may therefore offer 
valuable lessons for countries like Indonesia, which might be able to follow a similar path of 
industrial development. 

The analysis indicated that little was done to in the field of capability building and the 
Indonesian pulp and paper industry remained overly dependent on imported technology, 
spare parts, ancillary machinery and expatriate skills. There seem to have been ditierences in 
the extent and manner of technologicallearning across types of firms. The evidence suggests 
that conglomerate affiliated pulp and paper companies, went further in assimilating pulp and 

paper technology than the independent firms. Nonetheless evidence was found for only one 
business group, which showed technological assimilation comparable with that achieved by 
Korean firms. Other companies relied consistently on foreign knowledge and skilis for 
operations, engineering and project management instead of creating, expanding or deepening 
indigenous technological capabilities. The main factor why learning was slow and limited 
was the design of the industrial policy. The wide range of unconditional subsidies caused 
capital accumulation to run far ahead of the accumulation of human and organisational 
resources and depressed the incentives to invest in technological capability building. 

10.2 Lessoos and Implications 
What can we team from a micro-level study such as been undertaken in this thesis? Can 
industrial growth of the Indonesian pulp and paper industry be characterised as catch up, 
relative stagnation or falling bebind from a micro perspective? How does this contrast with 
macro studies? And what are the implications for industrial policy formulation? These are the 
questions that will be addressed in this section. 

The aggregate figures on embodied technica! change (Chapter 7), Iabour productivity 
and technica! efficiency (Chapter 8) suggest that the Indonesian pulpand paper industry was 
rapidly closing the technology gap with the international frontier during the EOI period 
(1984-1997). However, an in-depth investigation of the available micro data revealed that 
only a few conglomerate-owned firms (and plants) managed to install modem process 
equipment and reach best-practice performance levels while the remaining companies were 
falling bebind. Furthermore, an analysis of technologicallearning and assimilation (Chapter 
9) indicates that better performance of teading companies is mainly caused by the 
involvement of foreign engineers and managers while the development of indigenous 
production capabilities has been limited and there is a shortage of skilied local personnet 
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Moreover, little evidence was found for the acquisition of investment capabilities and the 
facilitation of linkages to other sectors. In sum, industrial development has been mainly 
driven by rapid capital accumulation of only a handfut of companies, facilitated by imported 
machinery, knowledge and skilis while indigenous technological assimilation and innovation 
has been virtually absent. Such input-driven type of growth is destined to run into 
diminishing marginal returns and does not induce spillovers to the wider economy .1 

Moreover, the high dependenee on foreign technology seems to carry a considerable degree 
of risk. 

As illustrated by the Korean case (Chapter 2 and 9), catch up and sustainable 
economie growth involves the accumulation of human and physical capita! complemented 
with pervasive technological learning and innovation by dornestic firms. The empirica! 
evidence presented in this thesis indicates that such a characterisation does not fit the 
development of the Indonesian pulp and paper industry. The findings of this research 
therefore contrast with the results of Aswicahyono and Hili (2002) who conclude on the basis 
of industry-level total fàctory productivity estimates that Indonesia before the financial crisis 
was not a story of 'perspiration' -driven growth. At least with respect to the pulp and paper 
industry, this study comes toa different conclusion. 

The empirica! analysis indicates that industrial policy bas strongly influenced the 
development ofthe lndonesian pulpand paper industry. As bas also been observed in many 
other developing countries (Bruton, 1998), I find evidence that ISI policies which proteet the 
dornestic market by means oftarifTs or other measures tend to discourage both investment in 
advanced equipment and technologicallearning, resulting in inefficient production structures 
and relative stagnation. 

Conversely, the casestudy shows that an EOI policy of liberalisation cum subsidies 
can be very effective in promoting industrial development in scale and capita! intensive 
mature manufàcturing sectors, such as the pulp and paper industry, where one of the main 
harriers to entry for developing countries is Jack of investment capita! (Perez and Soete, 
1988). State subsidies, soft loans and access to cheap forest resources were instrumental for 
the Indonesian companies to purebase the latest equipment and leap into large-scale modern 
pulp and paper production. It seems unlikely that this would have happened without 
govemment support. Similar pattems of growth can be observed for the Korean process 
industries (Chapter 9) and iron and steel industry in Germany and Russia during the late 
nineteenth century (Gerschenkron, 1962). 

Nonetheless, in many other ways the EOI policy can be considered a failure. First, the 
industrial policy stimulated excessive borrowing to finance capacity expansion, which made 
many large producers highly vulnerable to an extemal shock like the Asian crisis. Second, it 
did not offer the large pulp and paper producers any encouragement to establish pulpwood 

1 This inlerpretation is very sinlÎlar to view of Paul Krugman (1994) on the growth of the East-Asian miracle 
economies, based on lhe macro total factor productivity estimates of Y oung (1992), which raised considerable 

debate. Krugman's ideas now seem to have been invalidated by the micro evidence on technologicallearning 
and assimilation presented by, among others, Amsden (1989), Hobday (1995) and Kim (1997). 



Catching Up, Forging Ahead or Falling Behind? 179 

plantations resulting to a very rapid rate of tropical deforestation in Indonesia.l Further, it 

only benefited a few large conglomerates, while independently operating firms could not 

benefit from the available subsidies and therefore showed little dynamism. Finally, as 
mentioned above, it provided no incentive to engage in pervasive technologicallearning. 

Both the ISI and EOI policy suffered from the sarne flaw. In contrast to the 'carrot 

and stick' polides used in Korea, neither of them incorporated the right incentives to 

stimulate competition and performance. In addition, industrial policy aiming to foster the 

establishment of resource-based manufacturing sectors, such as the pulp and paper industry, 
should also take into account possible negative effects on the environment. Finally, the 

industrial policy was not supplemented by technology policies which support and initiate 

technological assimilation such as the foundation of technical support eentres and fiscal 
incentive schemes for training and R&D, provided by the Korean government (Chapter 9). In 

partienlar the former could have been useful to assist the technological upgrading of some of 

the smaller pulp and paper mills. 
However, it has not been industrial policy per se but its interaction with the broader 

institutional, technological and economical setting which has shaped the development of the 

Indonesian pulpand paper industry. In part the EOI policy of subsidising investment in the 
latest technology did not have the desired effects because the economie and institutional 

environment favoured smalt less sophisticated plants over the most modern ones. The fact 

that smaller firms have been able to survive next to giants such as APP had probably as much 

to do with limited availability of dornestic capital, an underdeveloped infrastructure and Jack 

of skilied personnet than with the design of the industrial policy alone ( Chapter 6). lf it would 
have been possible to unlock isolated markets or imptement antitrust polides to prevent 

abuse of market power, the in dustry might have developed differently. 3 Equally, weak bank 
regulations, crony capitalism and irresponsible international investment banks have 

considerably contributed to the finandal problems of the large companies and the 

deforestation they caused. One important conclusion of this research is therefore that a set of 

primary policies, including maintaining macroeconomie stability; supplying basic 

infrastructure; establishing financial markets; and promoting education (Chapter I), which 
deal with improving the general business environment of developing countries have to be 

addressed simultaneously with industrial policies aimed at increasing growth and 
productivity. 

Finally, this casestudy entails some important implications for aggregate research on 

economie growth and catch up. It shows that in developing countries growth and performance 

at the micro-level is likely to be an erratic and much more dispersed phenomenon than in 

industrialised countries. A clear example of this argument is the much less polarised 
distribution oftechnical efficiency of paper mills in Finland relative to Indonesia (Chapter 8). 

Consequently, aggregate indicators of performance, such as output, Iabour or total factor 
productivity for developing countries might be misteading and might result in wrong policy 

2 The rate of deforestation was 1.2 percent per year in Indonesia during the 1990s (Szinnai, 2004, p. 365). 
3 In fact, a competition law was established for the fust time in 200 I (Pangestu et al, 2002; Thee, 2002). 
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conclusions. On the basis of the aggregate figures for Iabour productivity and teehoical 

efficiency, one is likely to conclude that the development ofthe lndonesian pulpand paper 

industry can be regarcled as a successful case of technica! change and catch up. However, the 

micro analysis presented in study gives a more nuanced view. 

Concluding, probably the most appropriate characterisation of the development of the 

Indonesian pulp and paper is one of missed opportunities. It is a fact that lndonesia has the 

fastest growing trees in the world. This implies an absolute comparative advantage in the 

production of pulp and paper over current market leaders such as Sweden, Finland and 
Canada, where the growth cycle of pulp wood is more than twice as long. Hence, at least in 

theory, Indonesia has the potentlal to become the teading producer of pulp and paper in the 

world. Such an industry could not only generate desperately needed foreign exchange and 

create eroptoyment but, and what is probably even more important, also have wider 

consequences for national growth and development through knowledge spillovers and 

technologicallearning beyond the narrow industry context. 

However, it seems that not much has been made of these opportunities and as it looks 

now, there will not be much improverneut in the near future given the ongoing probieros in 

the Indonesian pulp and paper industry. Although evidence of deforestation by Indonesian 

pulp and paper companies has provoked dornestic and international environmental actions 

(Friends of the Earth, 2003) and regulations concerning the use of natural forest have been 

sharpened, there are indications that deforestation is continuing. Industry sourees indicate that 

a substantial share of pulpwood is still illegally harvested and that regionat decentralisation 

might result once again in using natura! forests as a souree of raw material for the production 

of pulp. Further, APP is still in major financial probieros and is debts are not yet restructured. 

One solution would be to deelare the company bankropt and restart production under 

a new owner. However, this might have severe complications for the large number ofpeople 

employed. It is also not clear who is capable or willing to take over the company or has the 

expertise to operate it. Stafford (2000) has suggested, that it is probably best to merge APP 

and APRIL into one company, which might than be taken over by International paper, one of 

the largest pulp and paper cornpanies in the world. Nevertheless, even if all these probieros 

could be solved, it is far from eertaio if the industry will embark on a path of prosperous 

growth and all associated benefits. Much will depend on national factors, such as 

macroeconomie stability, capable bureaucracy, availability of human resources and sound 

industrial and technology policies. 

10.3 Limitations and Forther Research 

The empirica! evidence presented in this thesis has provided new insights on industrial 

development and catch up in developing countries at the micro-level and how this process has 

been shaped by institutional, economical and technological factors over time. These insights 

are difficult, or perhaps even impossible, to obtain with conventional cross-country growth 

regressions or growth accounting due to their high level of aggregation and 'broad' approach. 



Gatehing Up, Forging Ahead or Falling Behind? 181 

Conversely, the question arises to what extent in-depth and detailed micro-orientated studies, 

such as this one, can be generalised to other manufacturing sectors in other countries. 
For instance, it could be argued that the story of the Indonesian pulp and paper 

industry is an extreme case of industrial development, unlikely to be observed anywhere else. 

Th ere is some element of truth in this and I do not expect that other manufacturing sectors in 

different country contexts will follow exactly the same growth trajectory. However, eertaio 

elements, such as for example the influence of conglomerate companies, the effects of eertaio 
industrial policies, and high dispersion of plant-level performance, will also be encountered 

in other developing countries. The pattem of industry evolution and catch up will tend to be 
most similar in manufacturing sectors which are comparable from a technological 

perspective, such as large-scale resource-intensive process industries (e.g. glass, iron and 

steel, and cement) and which are located in large resource-rich countries (e.g. Argentina, 

Brazil, China and Russia). Additional detailed bistorical and comparative micro-orientated 
research is needed to provide more definitive answers. 

There are several possible directions in which future research might proceed. Building 

on the analysis in Chapter 6, it would be interesting to compare the pattem of entry, exit, and 

firm survival of the pulp and paper industry in lndonesia with that of other developing 
countries BraziJ would he an attractive candidate - or advanced economies -Finland would 

be the most likely option. Another possibility is to build on available data for industry 

evolution in industrialised countries, such as the work ofUtterback (1994) and Klepper and 

Simons (1997) and try to find comparable information for developing countries as well as 
newly industrialising countries.4 Presently the only models of industry evolution for which 

there is empirica! support are the ioclustry life cycle model and to a lesser degree the 
'imitation to innovation• model of Kim (1980; 1997), which, as this study has shown, do oot 

seem to be applicable to industrial development in poor countries. It would be interesting to 

see whether one can find recurrent patterns in the growth trajectory of industries in 
developing countries. A third route for further research is to pool census data across countries 

in order to study plant- or firm-level catch up as has been done in Chapter 8. Although access 

to micro data bas been greatly improved during recent years, it is still very cwnbersome to 

merge the manufacturing censes of different countries because of complex confidentiality 
regulations as well as inconsistencies in variabie definitions and coverage. Maybe, with the 

support of large international institutions such as the World Bank and Eurostat, international 

comparison of manufacturing census data can be fàcilitated in the future. In swn micro-level 

research on industrial development and catch up in developing countries bas just begun and 
will provide a prornising and challenging research direction for many years to come. 

4 The data for some of the work of Klepper and Simons can be fuund at Klepper's homepage: 
http:/lwww.hss.cmu.edu/departments/sds/faculty/klepper/archive.html 
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Appendix A Data Sourees 

A.l Statistical Sourees 

Asosiasi Pulp & Kertas Indonesia (APKI), lndonesian Pulp & Paper Industry Directory, 
Gramedia, Jakarta, various issues. 

Asosiasi Pulp & Kertas Indonesia (APKI), Mill Level Ir(ormation on Capacity and 
Production, 1990-2000, print-out. 

Asia Pacific Papermaker, Asia Pacific Pulpand Paper Directory, Martin Bayliss Marketing 
Pty Ltd, Australia, 1995. 

Biro Pusat Statistik (BPS), Stafistik Industri, Jakarta, CD rom, various issues. 
Biro Pusat Statistik (BPS), Stalistik Industri, Jakarta, Bagian I, 11, III, various issues. 
Biro Pusat Statistik (BPS), Indikator Ekonomi, Jakarta, various issues. 
Biro Pusat Statistik (BPS), Backcast 1975-1996, Jakarta, Disk. 
Biro Pusat Statistik (BPS), Direktory Industri Pengolahan, Jakarta, various issues. 
Biro Pusat Statistik (BPS), Stafistik Perdangan Luar Negeri Indonesia, Jakarta, various 

issues. 
CIA, The World Factbook, http://www.cia.gov. 
Benn Business Information Services, Philips International Paper Directory, Kent, various 

issues. 
Benn Business Information Services, PhilipsPaper Trade Directory, Kent, various issues. 
Eurostat, European Production and Market Stafistics (Europroms}, 2001. 

FAO, FAOSTAT, http://apps.fao.org. 
Finishingnet.com (2003), Beloit Paper Machine List, http://www.finishingnet.com/machines. 

Groningen Growth and Development Centre and The Conference Board, Total Economy 

Database, http://www.ggdc.net. 
Groningen Growth and Development Centre, ICOP Industry Database 1987 Benchmark, 

http://www.ggdc.net. 
Jaak:o Pöyry, Ownership Structure of the Indonesion Pulp and Paper Industry, print-out. 
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A.2 Interviews 

Table A.l: Summary of Interviews 

Function Come.any Date Location 
1. Consultant Independent consultant March2001 Netherlands 
2. Product manager StoraEnso March2001 Netherlands 
3. Chainnan* Indonesian Pulpand Paper Association (APKJ) March 2001 Indonesia 
4. Researcher* lnstitute for Research and Development of April2001 Indones ia 

Cellulose Industries (IRDCLI) 
5. Former directer IRDCLI Apri12001 lndonesia 
6. Head pulp and paper Ministry oflndustry and Trade JW1e200l lndonesia 

division* 
7. Director general Ministry oflndustry and Trade JW1e2001 lndonesia 
8. Senior consultant Jaakko Pöyry Consulting JW1e2001 Indones ia 
9. Head policy advocacy Walhi JW1e2001 lndonesia 

division 
10. Researcher Bapedal JW1e2001 Indones ia 
11. Researcher Bapedal JW1e2001 Indonesia 
12. Researcher Bapedal June2001 Indones ia 
13. Researcher pulpand paper Ministry oflndustry and Trade JW1e2001 Indonesia 

division* 
14. Forester Ministry ofForestry June2001 lndonesia 
15. Managing Directer VoithPaper JW1e2001 Indones ia 
16. Master student (1)* Eindhoven University ofTechnology JW1e2001 Indonesia 
17. Master student (2)* Eindhoven University ofTechnology JW1e2001 Indonesia 
18. Secretary general lndonesian Pulpand Paper Association (APKI) JW1e 2001 lndonesia 
19. Engineer Metso June2001 lndonesia 
10. Researcher Department for International Development June2001 Indonesia 

(DFID) 
21. Researcher Center fur International Forestry Research July 200I Indones ia 

(CIFOR) 
22. Directer Riau Andalan Pulp and Paper (RAPP) July 2001 Indonesia 
23. Head Engineer Indah Kiat {Tangerang) JulylOOl Indonesia 
24. President directer Ahlstrom July2001 Indonesia 
25. Assistant milt manager Surabaya Agung AugustlOOI Indonesia 
26. Operatiens controller Pabrik Kertas Tjiwi Kimia AugustlOOI Indones ia 
11. Mill account manager Voith AugustlOOI Indonesia 
28. Environment manager RAPP AugustlOOI lndonesia 
19. Engineer Fajar Surya Wisesa AugustlOOI Indonesia 
30. Researcher University of Utrecht AugustlOOI Netherlands 
31. Researcher* The Research Institute ofthe Finnish Economy September 1003 Finland 

(ETLA) 
31. Researcher* Statistles Finland September 1003 Finland 
33. Project Manager Jaakko Pöyry Consulting September 1003 Finland 
34. Engineer Metso September 1003 Finland 

Note: For reasens of confidentiality individual ruunes are not presented; * Multiple interviews. 



Appendix B Capacity of Pulp and Paper Mills 

Table B.l: Capacity of Pulpand Paper mills (tpy), 1999 

Nwnber Mil/name Tota/pulp Tota/paper Newspaper Printing and Boards Specialty Tissue paper 
writin er er 

P.T Adiprima Suraprinta 1997 36.000 36,000 
2 P.T Aspex Paper 1985 430.000 430,000 
3 P.T. Kertas Basuld Rachmat 1971 10,100 13.700 3,800 9,900 
4 P.T. Kertas Bekasi Teguh 1978 90,000 150.000 150,000 

5 P.T. Kertas B1abak 1961 5,400 26.400 3,600 10,800 12,000 
6 P. T. Buldt Muria Jaya 1991 5.500 5,500 
7 P.T. Cipta Paperia 1991 72.000 36,000 36,000 

8 P.T. Ekamas Fortuna 1984 150.000 150,000 

9 P.T. Eureka Aba Paper Factory 1977 30,500 10.000 10,000 

10 P.T. Fajar Surya Wisesa 1989 500.000 20,000 480,000 

11 C.V. Gaya Barn Paper 1988 10.000 10,000 

12 P.T. Gede Karang 1996 50.400 50,400 
13 P.T. Gunung Jaya Agnng 1984 36.000 24,000 7,000 5,000 
14 P.T. Indah Kiat (Tangerang) 1979 106.000 106,000 
15 P.T. Indah Kiat (Riau) 1984 1,781,000 700.000 700,000 
16 P.T. Indah Kiat (Serang) 1992 Ll20.000 1,120,000 

17 P.T. Indo Paper Primajaya 1976 49.500 49,500 
18 P.T. Inti Indorayon Utama 1989 240,000 
19 P.T. Javapaperindo Utama Industries 1995 16.500 16,500 
20 P.T. Jaya Kertas 1983 200.000 17,500 169,300 13,200 
21 P.T. Karya Tulada 1978 8.600 8,600 
22 P.T. Kiani Kertas 1997 525,000 
23 P.T. Kimsari Paper Indonesia 1985 3.600 3,600 
24 P.T. Kertas KraftAceh 1988 165,000 135.000 135,000 



Nwnber MiJlname Tota/pulp Tota/paper Newspaper Printing and Boards Specialty Tissue paper 
writin r er 

25 P.T. Kertas Leces 1939 72,000 180.000 80,000 68,000 22,400 9,600 

26 P.T. Lispap Rayasentosa 1991 3.600 3,600 
27 P.T. Lontar Papyrus (Aceh) 1977 7.500 7,500 
28 P.T. Lontar Papyrus (Jambi) 1994 545,000 60.000 60,000 
29 P.T. Mitra Serasijaya 1991 3.600 3,600 

30 P.T. Musi Rapi 1994 30.000 30,000 
31 P.T. Noree Indonesia Paper Factory 1975 40.000 40,000 
32 P.T. Kertas Padalarang 1923 3,000 7.900 2,400 5,500 

33 P.T. Pakerin 1979 145,000 700.000 700,000 

34 P.T. Panca Usaha Paramita 1990 7.000 7,000 

35 P.T. Papertech Indonesia 1997 60.000 60,000 

36 P.T. Papyrus Sakti 1978 150.500 150,500 

37 P.T. Parisindo Pratama 1985 24.000 21,000 3,000 

38 P. T. Pelita Cengkareng paper & Co 1978 157.000 157,000 

39 P.T. Pindo Deli 1977 1.139.900 989,900 78,000 72,000 
40 P. T. Pola Pulpindo Mantap 1996 42,000 32.000 32,000 
41 P.T. Pura Barutama 1978 62.500 25,400 24,900 12,200 
42 P.T. PuraNusapersada 1994 56.000 19,400 36,600 
43 P.T. RiaAndalan PulpandPaper 1995 850,000 350.000 350,000 
44 P.T. SaranaKemas Utama 1985 6.000 6,000 
45 C.V. SetiaKawan 1979 33.000 7,000 3,000 23,000 
46 P. T. Sinar Hoperindo 1992 3.000 3,000 
47 P.T. Soear Sakti 1980 6.000 6,000 
48 P.T. Sopanusa 1996 20.000 20,000 
49 P.T. Sunda Raya 1982 9.100 9,100 
50 P.T. Suparma 1978 150.000 40,000 13,000 97,000 
51 P.T. SurabayaMekaboxLTD. 1974 85.200 85,200 
52 P.T. SurabayaAgung 1976 486.800 310,400 176,400 
53 P.T. Surya Pamenang 1993 150.000 150,000 



Number Mil/name Tota/pulp Totalpaper Newspaper Printing and Boarcb Specialty Tissue paper 
writing_ l!EE.er l!f:!l!.er 

54 P.T. Surya ZigZag 1988 11.000 11,000 

55 P.T. Tanjung Enim Lestari 1999 450,000 

56 P.T. Tugu Cilosari 1993 48.000 48,000 

57 P.T. The Univenus Company 1991 20.000 20,000 

58 P.T. Pabrik Kertas Tjiwi Kimia 1978 1.044.000 1,008,000 36,000 

59 P.T. Uninga Bima Sakti 1978 3.600 3,600 

60 P.T. UnipaDaya 1978 15.000 2,500 12,500 

61 P.T. Weskalindo Pulp & Paper Mill 1994 39,600 

Total 4,543,600 8.991.400 650,800 3,701,200 4,279,600 76,800 283,000 

Note: *Includes wrapping paper, sack laaftand other boards. 

Source: Asosiasi Pulp & Kertas Indonesia (APKI), Indonesion Pulp & Paper Irtdustry Directory, Gramedia, Jakarta, various issues. 
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Appendix C Location of Pulp and Paper Mills 
Figure C.l: Location of Pulpand Paper mills 

I. Kertas Kraf\ Aceh 28. Panca Usaha Paramita 55. Sinar Megah* 
2. Lontar Papyrus (Aceh) 29. Soer Sakti 56. Kertas Blabak 
3. Citra Belantara• 30. Tugu Cilosari 57. Golden Barnboo• 
4. Sari Morawa• 31. U nipa Daya 58. Pura Barulama 
5. Klambir Jaya• 32. Pelita Cengkarang 59. Pura Nusapersada 
6. Kimsari Paper 33. Sarana Kemas Utama 60. Setia Kawan 
7. Simancta• 34. Bekasi Teguh 61. Surya Pamenang 
8. Inti Indorayon 35. Fajar Surya Wisesa 62. Surya Zigzag 
9. lndah Kiat (Riau) 36. Noree lndonesia Paper 63. Jaya Kertas 
10. Riau Andalan 37. Aspex Paper 64. Eureka Aba 
IJ. Lontar Papyrus (Jam bi) 38. Parisindo Pratama 65. Java Paperindo Utama 
12. Harapan Tungkal Jaya 39. Sekarindo Inti Serasi• 66. Pakarin 
13. Carang Adisakti* 40. Si nar Haperindo 67. Supanusa Tissue 
14. Po la Pulpindo Mantap 41. Sunda Raya 68. Sumber Giri Lontar• 
15. Westkalindo 42. Chiral Filindo Utarna• 69. Tjiwi Kimia 
16. Kiani Kertas 43. Pantoni lndah* 70. Adiprima Suraprinta 
17. Cipta Paperia 44. Uninga Bi ma Sakti 71. Surabaya Agung 
18. 1ndah Kiat (Serang) 45. Gede Karang 72. Surabaya Mekabox 
19. Sekawan Ma ju Pesat• 46. Hakim Bangun Prima• 73. Juara Prayasa• 
20. The Univenus Company 47. lndohafiedzo• 74. Suparma 
21. Surya Mas Aditarna• 48. Parasantik Sekardana• 75. Ekemas Fortuna 
22. Gunung Jaya Agung 49. Bukit Muria Jaya 76. Gaya Baru 
23. lndah Kiat (Tangerang) 50. Pinda De1i 77. Sinar Sempuma• 
24. Indopaper Prima Jaya 51. Triguna Pratama• 78. Nik i Tungga1* 
25. Karya Tulacta 52. Papertech 1ndonesia 79. Kertas Leces 
26. Lispap Raya Sentosa 53. Padalararang 80. Basuka Rachmat 
27. Mitra Serasi 54. Papyrus Sakti 

Nare: • Joss paper mi lis. The map does notdepiet PT Tanjung Enim Lestari (TEL), which has been 
established on South Sumatra in 1999. 

Sou ree: Asosiasi Pulp & Kerras !ndonesia (APK I), Indonesion Pulp & Paper lndustry Directory, 

1997. 
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Appendix D Ownership Structure 

Figure D.l: Ownership Structure, 1999 
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Nore: Years indicate either time of takeover (APP/Sinar Mas), privatisations (public mills) or sale (APRIL/Raja Garuda 

Mas). 

Source: Asosiasi Pulp & Kertas lndonesia (APK!), Indonesion Pulp & Paper !ndusrry Direc/ory, various issues, Pappens 

(1993) and Jaakko Pöyry , handout. 
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Appendix E World Paper Machine Technology 
Frontier 
Figure E.l and Figure E.2 depiet the world technology frontier for paper machine speed and 
width, respectively. The figures are mainly based on the Beloit Paper Machine List 
(Finishingnet.com, 2003), containing the technological specifications of 927 machines 
produced by Beloit between 1862 and 1999. Beloit was one the teading PM manufacturers in 
the world until it went bankropt in 1999. The database was complemented with data from 
Lehtoranta (1994), specialized industJy joumals and internet sourees - mainly paperloop 
(2003). As the Beloit Paper Machine List does not distinguish between newsprint, and 
printing and writing machines the frontier for these classes was combined. This is not an 
unreasonable assumption as the speed and width of both classes of machines is moving in 
conjunction. Due to the high level of specialisation (e.g. cigarette or money paper) it bas not 
been possible to construct a separate technology ftontier for specialty PMs and therefore the 
frontier for newsprint/printing and writing bas been used instead as many specialty machines 
are retrofitted machines of these two classes. The mach values for specialty machines 
computed in Chapter 6 are therefore probably biased downwards. 

Figure E.l: PM Speed Frontier by Class, 1920-2000 
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Figure E.2: PM Width Frontier by Class, 1920...2000 
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Nederlandse Samenvatting 

Een kernvraag in de economische wetenschappen is: waarom zijn arme landen arm en rijke 

landen rijk en hoe kunnen arme landen rijker worden? Onderzoek heeft aangetoond dat 
technologie de drijvende kracht is in het proces van economische groei. Volgens de 

inhaal(catch up)hypothese kunnen landen op een lager technologisch niveau (i.e. arme 

landen) sneller groeien dan landen op een hoger technologisch niveau (i.e. rijke landen), 

omdat ze de mogelijkheid hebben om al bestaande technologieën over te nemen zonder 

hiervoor zelf de kosten te hoeven dragen die nodig zijn voor onderzoek en ontwikkeling. De 
literatuur laat echter zien dat dit geen eenvoudig en automatisch proces is. Het inhaalproces 

vereist naast de accumulatie van fYsiek en menselijk kapitaal ook innovatie en technologisch 

leren. Succesvolle groei hangt daarnaast ook af van een aantal primaire beleidsmaatregelen 
zoals het aanleggen van infrastructuur, ondersteunen van gedegen financiële markten, 

invoeren van scholing en het handhaven van een stabiele macro-economie. 

Tot dusver is het onderzoek over het inhaalproces van ontwikkelingslanden 
voomarnelijk gebaseerd op de analyse van geaggregeerde data. Het geeft daarom slechts een 

beperkt inzicht van dit proces op industrie-, bedrijf- en technologieniveau. Het doel van dit 
proefschrift is het onderzoeken van industriële groei en het inhaalproces van 

ontwikkelingslanden op microniveau. Het bestudeert daarvoor de evolutie van de 

Indonesische pulp- en papierindustrie vanuit een internationaal vergelijkend perspectief. Deze 

industrie is een interessant geval omdat het één van de snelst groeiende sectoren in Indonesië 

is geweest tijdens het Nieuwe Orde regime van president Soeharto. Vooral vanafhet midden 
van de jaren tachtig tot het einde van de jaren negentig vertoonde de industrie een 

ongehoorde transformatie van een sterk verouderde en inefficit!nte sector naar een 

wereldspeler waarin bedrijven beschikken over de modernste procestechnologie. De volgende 
vragen komen in dit proefschrift aan de orde: Welke industrit!le strategieën zijn toegepast om 

de ontwikkeling van de Indonesische pulp- en papierindustrie te stimuleren? Hoe hebben zij 

de industriële evolutie beïnvloed? Wat is de mate geweest van technologische verandering 

belichaamd in kapitaalgoederen? Benaderen Indonesische papierbedrijven de prestaties van 

de best presterende fabrieken ter wereld? En in welke mate heeft technologisch leren 
plaatsgevonden in the Indonesische pulp- en papierindustrie? 

Hoofdstuk 1 vormt de introductie van het proefschrift. Het geeft een inleiding op de 
inhaalhypothese en een beknopt overzicht van de economische ontwikkeling en het 

inhaalproces van Indonesië vanaf midden jaren zestig (het begin van de Nieuwe Orde) tot 

2000. 
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De rest van het proefschrift bestaat uit drie delen. Deel I (Hoofdstuk 2 tot en met 4) 
vormt de achtergrond voor de empirische analyse van het proefschrift. Hoofdstuk 2 geeft een 
overzicht van de literatuur over het inhaalproces op industrieniveau. Het beschrijft drie 
grotendeels onafhankelijke stromen in de literatuur die relevant zijn voor dit onderzoek: (1) 
theorieën en resultaten met betrekking tot industriële dynamiek en de industriële levenscyclus 
van bedrijven; (2) het patroon van het inhaalproces op industrie niveau in Korea en Taiwan, 
de voorbeelden van ontwikkelingslanden die met succes de inhaalslag hebben gemaakt naar 
modernisering; en (3) de bevindingen over industriële dynamiek in ontwikkelingslanden. 
Vooral in de laatste literatuurstroom is er nog weinig theoretisch en empirisch onderzoek 
verricht. Het is dan ook daar dat dit onderzoek een bijdrage wil leveren. 

Hoofdstuk 3 geeft een overzicht van de wereld pulp- en papierindustrie. Het 
hoofdstuk laat zien dat de dynamiek en structuur van de globale industrie sterk bernvloed zijn 
door vier hoofdkenmerken van de sector: (1) het type van technologische verandering; (2) 
kapitaal en schaal intensiviteit; (3) de productiecyclus; en (4) milieu aspecten. Één van de 
meest belangrijke ontwikkelingen is de verschuiving van de industrie van de gevestigde 
producenten zoals Zweden en Finland naar een aantal ontwikkelingslanden, voornamelijk 
Brazilië, Chili en Indonesië. De voornaamste reden voor de snelle groei van die laatste landen 
zijn hun lagere productiekosten veroorzaakt door de aanwezigheid van overvloedig en 
snelgroeiend bos. Daarnaast hebben ook de constructie van zeer grote en moderne fabrieken 
en toenemende binnen- en buitenlandse vraag ook een rol gespeeld. Ten slotte laat het 
hoofdstuk zien dat er een trend te bespeuren is richting alsmaar grotere bedrijven en 
toenemende concentratie. 

Hoofdstuk 4 beschrijft de data die gebruikt is voor het onderzoek. De basis voor de 
meeste analyses in het proefschrift wordt gevormd door een longitudinaal databestand met 
daarin economische en technische gegevens van vrijwel alle pulp- en papierfabrieken van 
1923, de start van de eerste Indonesische papierfabriek door de Nederlanders, tot en met 
2000. De dataset beslaat 99 procent van de capaciteit van de Indonesische pulp- en 
papierfabrieken en kan dus als representatief worden beschouwd. Meer kwalitatieve 
informatie over de Indonesische pulp- en papierindustrie is afkomstig uit ongeveer 40 
interviews met onder andere leveranciers van papiermachines, consultants, 
beleidsmedewerkers van diverse ministeries en managers van papierfabrieken in Indonesië, 
Nederland en Finland . 

Deel 11 (Hoofdstuk 5 tot en met 9) vormt de kern van het proefschrift. Het geeft een 
gedetailleerde kwantitatieve en kwalitatieve analyse van de evolutie en het inhaalproces van 
de Indonesische pulp- en papierindustrie. Hoofdstuk 5 presenteert een historisch overzicht 
van de sector. Het onderscheidt vijf fasen in de ontwikkeling van de industrie. (1) koloniale 
industrialisering (1923-1958); (2) staatsgeleide industrialisering (1958-1974); (3) import 
substitutie industrialisering (ISI) (1974-1984); (4) export georiënteerde industrialisering 
(EGI) (1984-1997); en (5) crisis en hervorming (1997-heden). In overeenstemming met de 
economische ontwikkeling van Indonesië werden de eerste twee periodes gekenmerkt door 
trage groei en relatieve stagnatie. Pas gedurende de ISI periode, toen de sector beschermd 
werd tegen buitenlandse competitie door middel van hoge import tarieven, nam de groei snel 
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toe. In de daaropvolgende EGI periode veranderde het beleid radicaal. In het kader van 
toenemende liberalisatie en deregulering in de gehele Indonesische economie werden alle 
tarieven geleidelijk verminderd terwijl er tegelijkertijd een uitgebreid pakket van subsidies, 
zachte leningen en schenkingen hesehikbaar kwam voor het stimuleren van de opbouw van 
een internationaal competitieve pulp- en papierindustrie. Het resultaat was een razendsnelle 
groei en uitbreiding van capaciteit die er toe leidde dat Indonesië een van de grootste 
producenten van pulp en papier ter wereld werd. Vooral één bedrijf- Asia Pulpand Paper 
(APP), eigendom van de Sinar Mas Group - lukte het als geen ander om gebruik te maken 
van de beschikbare subsidies. Het is op dit moment de grootste papierproducent in IndonesU! 
en geheel Azië (exclusief Japan). 

The Aziatische fmanciële crisis in 1997 had een enorme invloed op de ontwikkeling 
van de Indonesische pulp- en papierindustrie. Het werd duidelijk dat groei van de industrie 
niet gepaard ging met het opzetten van plantages voor de productie van het benodigde hout, 
maar in plaats daarvan (illegaal) tropisch hardhout werd gekapt. Daarnaast bleek ook dat de 
grootste pulp- en papierbedrijven buitensporig geld hadden geleend om hun uitbreiding te 
bekostigen en daardoor in grote schuldproblemen kwamen toen de rupiah deprecieerde. Het 
is op dit moment onduidelijk hoe de Indonesische pulp- en papierindustrie zich in de 
toekomst zal gaan ontwikkelen. Tot heden zijn er noch bedrijven gesloten noch overgenomen 
echter, gezien de zeer hoge schulden van een aantal bedrijven, lijkt de toekomst er niet 
rooskleurig uit te zien. 

Hoofdstuk 6 onderzoekt de industriële evolutie van de Indonesische pulp- en papier 
industrie van 1923 tot 2000. In het eerste deel van het hoofdstuk worden de lange termijn 
patronen in marktstructuur en toetreding, uitreding en overleving van bedrijven bestudeerd 
voor zowel de gehele industrie als vier verschillende marktsegmenten. Bij deze analyse zijn 
duidelijk de invloeden van de verschillende periodes van industrieel beleid waar te nemen. 
Na een lange periode van relatieve stagnatie neemt het aantal bedrijven snel toe gedurende de 
ISI fase als gevolg van de hoge importtarieven. De daaropvolgende periode van EGI wordt 
gekenmerkt door een lage netto toetreding en toenemende concentratie. De data laat zien dat 
de aan conglomeraten verbonden bedrijven, en in het bijzonder APP, ieder marktsegment 
gaan domineren. Verrassend is dat deze ontwikkelingen niet gepaard gaat met de uitreding 
van de kleine onafhankelijke bedrijven. Het gevolg is het ontstaan van een 'techno
economisch' duale marktstructuur die bestaat uit een relatief klein aantal grote moderne 
bedrijven in eigendom van de conglomeraten en een relatief grote groep van kleine 
onafhankelijke bedrijven die opereren met verouderde technologie. 

In het tweede deel van het hoofdstuk wordt getoetst of de verschillen tussen deze twee 
groepen ook significant zijn. Zowel regressie als cluster analyse toont dat de bedrijven in 
eigendom van de conglomeraten significant verschillen van de onafhankelijke bedrijven in 
termen van een aantal techno-economische variabelen. De vraag hoe de duale structuur in 
stand blijft is niet eenvoudig te verklaren. De beschikbare informatie wijst erop dat niet één 
maar een combinatie van factoren, variërend van gebrekkige infrastructuur en instabiele 
macro-economische condities tot een verstorend industrie- en handelsbeleid, 
verantwoordelijk lijken te zijn voor het ontstaan en in stand houden van een duale 
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marktstructuur. Meer gedetailleerde analyses op bedrijfsniveau, waarbij ook gekeken wordt 

naar winstgevendheid en prijsafspraken, zijn nodig om tot definitieve antwoorden te komen. 

Hoofdstuk 7 onderzoekt het proces van technologische verandering, dat belichaamd is 
in machines en apparatuur. Specifiek kijkt het naar de patronen van diffusie en adoptie van 

papiermachines door middel van een machine index. De index is een maatstaf voor 

technologische complexiteit van elke papiermachine in IndonesiS ten opzichte van de 

modernste machines die in de wereld beschikbaar zijn voor periode 1923-2000. De analyse 

laat een sterk verband zien tussen het gevoerde industriële beleid en de diffusie van 
papiermachines. De eerste machines die geïnstalleerd werden door de Nederlanders waren 
van redelijk kwaliteit maar in de daarop volgende periodes van staatsgeleide industrialisering 

en ISI raakt lndonesiS achterop in technologisch opzicht. Dit proces wordt pas weer 

omgedraaid aan het einde van de ISI en gedurende de gehele EGI wanneer er een groot aantal 

moderne machines wordt geïnstalleerd. Na de crisis in 1997 stagneert de inhaalslag. Een 
gedetailleerde analyse van de data onthult dat het inhaalproces van de Indonesische 

papierindustrie, gemeten in termen van belichaamde technologie, ongelijk verdeeld was. 

Slechts een paar producenten, in bezit van de grote Indonesische conglomeraten, 

installeerden machines van wereldklasse terwijl de meeste andere bedrijven niet investeerden 
in nieuwe capaciteit of slechts verouderde machines aanschaften. 

In Hoofdstuk 8 worden trends in het niveau van arbeidsproductiviteit en technische 

efficiSntie van Indonesische papierbedrijven vergeleken met die van Finse papierbedrijven, 

welke beschouwd kunnen worden als de meest geavanceerde en efficiSntste ter wereld. Voor 
de analyse is een databestand samengesteld met gegevens van Finse papierfabrieken dat 

vergelijkbaar is met het longitudinale databestand voor de Indonesische pulp- en 

papierindustrie, zoals beschreven is in Hoofdstuk 4. Daarnaast zijn voor de industrie 
specifieke omrekeningsfactoren geconstrueerd om de waarden in verschillende 
munteenheden vergelijkbaar te maken. Door gebrek aan data beslaat de analyse alleen de ISI 

en EGI periodes (1975-1997). 

De resultaten tonen aan dat zowel in termen van arbeidsproductiviteit als technische 

efficiSntie de relatieve Indonesische prestatie afueemt gedurende de 181 periode en dan weer 
toeneemt tijdens de EGI fase. Verdere analyse toont echter aan dat slechts een klein aantal 

fabrieken in handen van de conglomeraten het niveau haalt van de Finse producenten terwijl 

de overige, voomarnelijk onafhankelijke, bedrijven achterblijven. Bovendien blijkt ook dat 

door een combinatie van bedrijfsovemames, uitbreidingen en toetreding van nieuwe 
fabrieken ook in dynamisch opzicht de conglomeraten de voornaamste drijfveer zijn geweest 

voor de inloop van de Indonesische industrie ten opzichte van de Finse. Het inhaalproces van 

de Indonesische papierindustrie moet dus gezien worden als een lokaal in plaats van een 

compleet fenomeen. Ten slotte, wijst regressie analyse uit dat nationale in plaats van 

bedrijfsspecifieke effecten de voornaamste reden zijn voor de verschillen tussen de 
Indonesische en Finse papierproducenten. Echter, dit resultaat zal met voorzichtigheid 

geïnterpreteerd moeten worden aangezien een aantal belangrijke factoren, zoals menselijk 

kapitaal, niet meegenomen konden worden in de analyse wegens gebrek aan data. 
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Hoofdstuk 9 is gewijd aan een kwalitatieve analyse van technologisch leren en 
assimilatie in de Indonesische pulp in een vergelijking hiervan met soortgelijke bevindingen 
voor proces industrieën in Zuid Korea. het voorbeeld in de literatuur van een land dat de 
inhaalslag met succes heeft gemaakt. De literatuur laat zien dat technologie leveranciers in de 
proces industrieën een belangrijke rol spelen als bron van technologische kennis, terwijl 
OEM en exporten, die vaak gezien worden als belangrijke kanalen voor technologie 
overdracht in de geassembleerde product industrieën, minder relevant lijken te zijn. Over het 
algemeen is er, zeker in verhouding tot de Zuid Koreaanse resultaten, weinig terecht 
gekomen van technologisch leren in de Indonesische pulp- en papierindustrie. De industrie is 
grotendeels afhankelijk van buitenlandse machines, reserveonderdelen, kennis en kunde. De 
lokale inspanningen tot het assimileren van technologie zijn gering geweest. Wel zijn er 
verschillen in de manier en de mate van technologisch leren tussen bedrijven onderling. De 
beschikbare informatie laat zien dat de bedrijven die in het bezit zijn van de conglomeraten 
verder zijn gegaan in het technologisch leren dan de onafhankelijke bedrijven. De 
voornaamste reden voor het gebrek aan technologisch leren is het EGI beleid. De talrijke 
onvoorwaardelijke subsidies gaven een enorme stimulans tot accumulatie van fysiek kapitaal 
die daardoor vooruit ging lopen op de accumulatie van menselijk kapitaal en de opbouw van 
technologische capaciteiten verstoorde. 

Deel III (Hoofdstuk 10) bevat de samenvatting en conclusies van dit proefschrift. De 

resultaten van dit proefschrift laten zien dat de ontwikkeling van de Indonesische pulp- en 
papierindustrie niet gezien kan worden als een 'echte' inhaalslag zoals die gemaakt is door 
Zuid Korea. De voornaamste reden hiervoor is een combinatie van het gevoerde industriële 
beleid en bepaalde kenmerken op macro niveau zoals gebrek aan educatie, vriendjespolitiek, 
een instabiele macro-economie en een slecht werkende financiële sector. Een belangrijke 
conclusie van dit proefschrift is dan ook dat industrieel beleid vergezeld moet worden door 
macro-economische hervormingen om effectief te zijn. Een laatste conclusie van het 
onderzoek is dat macro economische cijfers over productiviteit van arme landen misleidend 
kunnen zijn omdat de verdeling van bedrijfsprestaties veel groter is dan in rijke landen. Tot 
slot worden kort de beperkingen van het onderzoek beschreven en suggesties gedaan voor 
vervolgonderzoek. 
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STELLINGEN 

behorende bij het proefschrift van Miehiel van Dijk 

lndustry Evolution and Catch Up 
The Case of the lndonesian Pulp and Paper Industry 

1. Industriebeleid in ontwikkelingslanden is alleen effectief wanneer het vergezeld 
gaat van hervormingen op macro-economisch gebied (Dit ProefSchrift, Hoofdstuk 
7). 

2. Analyses van economische groei en catch up op een hoog aggregatieniveau 
kunnen misleidend zijn. Aanvullend micro-economisch onderzoek is nodig om tot 
definitieve conclusies te komen (Dit ProefSchrift, Hoofdstukken 8 en I 0). 

3. Vriendjespolitiek heeft een belangrijke rol gespeeld in de ontwikkeling van de 
Indonesische pulp- en papier industrie (Dit proefSchrift, Hoofdstukken 5, 6 en 9). 

4. De economische groei van de Indonesische pulp- en papierindustrie is eerder 
gebaseerd op 'perspiration' dan op 'inspiration'. (Dit proefochrift, Hoofdstuk 10 
en Krugman, P. (1994), The Myth of Asia's Miracle, Foreign Affairs, 73 (6), p. 
62-78). 

5. De alsmaar toenemende digitalisering van informatie leidt niet tot minder maar 
juist tot meer verbruik van papier. 

6. Wie onderzoek doet naar ontwikkelingslanden zou er ook een tijdje gewoond en 
gewerkt moeten hebben. 

7. Het ambacht van het verzamelen en 'schoonmaken' van data wordt sterk 
ondergewaardeerd binnen de economische wetenschappen. 

8. De invoering van verplichte donorregistratie is een goede zaak. 

9. Veel van de theorielSo betreffende de diffusie en adoptie van technologie hebben 
ook betrekking op de verspreiding van muziek. Een dag luisteren naar 
radiozenders zoals Radio 3, Radio 538 of Yorin toont aan dat de doorbraak van 
pophits sterk padafhankelijk is en 'dominante' nummers lang niet altijd als sociaal 
optimaal aangemerkt kunnen worden. 

10. Too much of anything is bad, but too much of good whisk(e)y is barely enough 
(Mark Twain). 

11. Geluk (in de betekenis van fortuin) is per definitie een willekeurig fenomeen. De 
in sommige kringen gebezigde term "Van Dijk mazzeltje" is derhalve een 
interessante doch loze uitdrukking. 




