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Preface 
The Minerals and Energy Forum (MEF) of the Pacific Economic Cooperation Conference 
moved for the first time to North America with the Fourth MEF in Dallas, Texas, in 
November 1990. 

It attracted wide participation from minerals and energy specialists from both sides 
of the Pacific: 137 participants from 17 countries and the United Nations took part. It 
was encouraging to have senior representatives from Chile, Peru and Mexico as active 
participants ahead of full PECC membership for these countries in May 1991. 

The MEF is particularly grateful to the Institute for the Study of Earth and Man 
(ISEM) at Southern Methodist University in Dallas for its role as the official hosting 
institution. Particular thanks must go to the President of the Institute, Dr James E. 
Brooks, and his staff, led by Mrs Netta G. Blanchard, who worked tirelessly over 
many months to make the meeting a great success. The Dallas meeting was under the 
overall direction of the general chairman of the US MEF Committee, Dr Dennis 
O'Brien, who has been an active MEF participant since the organisation was formed. 
Dr Allen Clark and Dr Fereidun Fesharaki of the East-West Center in Hawaii 
provided their usual strong support and gave valuable advice as program chairmen. 
Professor John Tilton at the Colorado School of Mines was also a valuable member of 
the MEF Committee. The MEF is grateful to the US Department of Energy, Caltex 
Petroleum Ltd, ARCO International, Texas Utilities and Booz» Allen, Hamilton Inc., 
Hunt Oil and the Chinese Taipei PEC Committee for providing financial support. 

The Dallas MEF was held at a time of considerable uncertainty in world oil markets, 
with the Persian Gulf crisis still awaiting resolution. The MEF was able to provide 
valuable and timely advice to policymakers and the private sector about the likely 
course of oil prices and future supply conditions. 

Discussion of energy issues at the meeting occurred in the context of increasing concern 
about the environment and centred on the role of liquified natural gas, coal 
consumption, fuel switching and conservation, and petroleum refinery issues. The 
discussion on minerals issues focused on changes in minerals policy and legislation and 
developed trade in processed minerals products. These discussions provided a longer-
term perspective on the important policy issues facing the economies of the Asia-
Pacific region. 

For the first time, the MEF explicitly addressed human resource development and 
training and the importance of these issues in relation to technology transfer. The MEF 
later endorsed a project on human resource development to be coordinated by the 
Colorado School of Mines, the results of which will be reported to the Fifth MEF in 
1992. 

This volume includes the papers which were presented and tabled in Dallas as well 
as some discussants' comments. 
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The MEF Secretariat is particularly grateful to Gary Anson for editing the 
publication and to Judith Pabian for desk top publishing the volume. A summary report 
of the meeting has been published separately by the MEF Secretariat. 

Christopher Findlay 
Coordinator 

David Parsons 
Executive Director 
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EVENTS AND ISSUES SINCE THE MANILA 
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1 Trends and issues in the minerals 
industry of the Asia-Pacific region 
ALLEN L. CLARK 

ABSTRACT 

During the 1980s the Asia-Pacific region was the world's fastest growing 
economic area. It is expected to remain so, with investment in the mining 
and processing sector alone likely to exceed US$10 billion during the period 
1990-95. 

As the region expanded economically during the 1970s and 1980s there 
were a number of major structural changes in its mineral industries, the most 
significant being: 
• The closing of marginal mines and processing facilities with resultant 

increasing efficiencies, reduction in capacity, and concentration of 
activities into specific nations. 

• Locational shifts of smelting and refining from major developed nations 
in the region to major producing nations. 

• Shifts in the type, volume and direction of minerals and metals trade in 
terms of concentrate, semiprocessed and processed commodities. 

• Shifts in metals demand growth from the OECD nations to the NIEs and 
developing countries, coupled with increased R&D on advanced 
materials and substitution in the developed countries. 

• The changing role of the United States mineral industry, restructuring of 
the Japanese economy, industrialisation of South Korea, Taiwan, 
Thailand and Indonesia, changes in the People's Republic of China, and 
the emerging role of the Soviet Union and Eastern Europe, with all 
factors causing structural change in the mineral industries. 
Overall, the structural changes which have taken place, as well as 

those now occurring, will lead to a new mining industry for the 21st century 
in the Asia-Pacific region. 

The Asia-Pacific region, as defined for this paper, includes the ASEAN nations 
(Brunei, Indonesia, Malaysia, Philippines, Singapore and Thailand), Australia, 
Burma, China, Chinese Taipei, Japan, New Zealand, Papua New Guinea and South 
Korea. However, any discussion of the region's mineral industries must recognise the 
global nature of the entire mineral industry. Therefore, any analysis of the structural 

3 



4 EVENTS SINCE THE MANILA MEF 
changes in the mineral industries in the Asia-Pacific region must be based on an : 
analysis of the mineral industry worldwide. Further, given the size and complexity of 
the world's mining industry it is necessary at the beginning of such an analysis to . 
develop a definition of structural change which will bound the subject matter. 

It is well recognised that the world's mineral industries are characterised by rapid •„. 
changes in metal prices, cyclical periods of demand, chronic overcapacity in selected 
industries, and periods of high and low profitability. Such changes, for purposes of « 
this discussion, are viewed as simply a regrettable norm for the mineral industry and ;' 
do not constitute structural changes. Structural changes, as used herein, are those , 
changes which alter more substantially the basic operation or attributes of the mineral 
industry, in many cases, permanently. By definition, however, the mineral industry 
continues to undergo structural change, and such changes must be viewed as evolutionary ;. 
rather than static. 

The following sections are intended to: one, briefly define the present status of' 
mineral production and consumption in the Asia-Pacific region, and serve as a basis for 
estimating its present and future importance in a global context; two, describe some of 
the structural changes, and their causes, which occurred during the 1970s and 1980s; .' 
three, analyse some of the external national factors which are emerging and which 
may subsequently affect the Asia-Pacific region; and four, discuss the nature of the. 
future mineral industry in the Asia-Pacific region and the world. 

MINERAL PRODUCTION A N D CONSUMPTION IN THE ASIA-
PACIFIC REGION 

The Asia-Pacific region is composed of a complex mix of developed and developing 
nations, resource-rich and resource-poor nations, and well developed and poorly 
developed national mineral industries. Overall, the region is a major producer of both 
ore and semiprocessed/processed metals, with Australia and China being the largest 
producers. Table 1.1 shows that in 1987 the Asia-Pacific region's share of world 
mineral production, by commodity, ranged from 13% (chromium) to 62% (tungsten). 
Alternately, however, it must be emphasised that the Asia-Pacific region is also a 
major importer of minerals and metals, with the share of world imports rising from', 
approximately 10% of the world total in 1965 to approximately 25% in 1987. What is K 

most important to note from these figures, however, is that the Asia-Pacific region is a. 
major, but not dominant, factor in world mineral production, and that the import of 
minerals and metals within the region is rapidly growing. It is this rapid growth in 
mineral and metal imports that is of particular importance in ascertaining the future of 
the Asia-Pacific mineral industries. The fundamental question is whether the Asia-
Pacific minerals demand will continue to increase or decline with economic growth. 
This issue has become increasingly important recently because of work by Larson, Ross * 
and Williams (1986) and Drucker (1986), which questioned the assumption that 
increasing economic growth requires a corresponding increase in metal consumption. In 
particular, Drucker asserts that the primary products economy has become 'decoupled' 
from the industrial economy. 
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As a result of the 'decoupling' hypothesis, considerable attempts have recently been 
made to confirm, modify or refute the 'decoupling' hypothesis. To a large extent such 
studies have focused on the OECD countries, where the 'decoupling' phenomenon seems 
best displayed, and have therefore largely (with the exception of Japan) ignored the 
economies of the Asia-Pacific region. To a limited but steadily increasing extent, such 
analyses have resulted in a distorted view of long-term demand both on a worldwide 
and on regional basis. 

Tables 1.2 and 1.3 are representative of forecasts for two important commodities — 
aluminium and copper. It is important to note from the tables that there is a broad 
range of values derived from the use of different estimation procedures, and that there 
is a bias introduced by applying the 'intensity of use' and/or linear models for the 
Asia-Pacific region. 

A recent study by the Minerals Policy Program of the East-West Center (Clark and 
Jeon, 1989) using the learning, intensity of use, and GDP economic models found that: 

1 The 'decoupling' of total world metals consumption will not occur before the year 
2015. Though the 'decoupling' effect may exist in developed nations, at the same 
time the share of the developing nations in world major metals consumption will 
increase remarkably as a strong positive correlation between per capita income and 
per capita metal consumption is expected to persist to 2015 and beyond. 

2 Although GDP, intensity of use, changes in exchange rates and world debt, energy 
cost, the age patterns of minerals, and technological factors are all important in 
explaining metal demand patterns, GDP is the most important variable in 
predicting major metal consumption in Asia-Pacific countries, though GDP is a 
weak variable in predict major metal consumption in the OECD nations. 

3 In the developed nations, the material composition of products, which reflects the 
impact of materials-savings technology, efficiency, and materials substitution, 
plays a major role in the decline of metals consumption, whereas the changing 
product composition of income, which indicates intersectoral shifts in the product 
mix of a nation's economy, plays a major role in increasing metal consumption in the 
Asia-Pacific countries. The material composition of product is nevertheless 
influential. 

Overall, the results of the Clark and Jeon (1989) study indicate that the Asia-
Pacific region will continue to have increasing metals demand, at least until 2015, and 
because of the strong economies of the NIEs and other developing countries, the region 
will continue to be the focus of minerals development. 

The preceding serves to indicate that, in general, the mineral industries of the Asia-
Pacific region will continue to grow in the future. Additionally, it can be seen that 
although the mineral industries of the region are growing, they are not of sufficient 
size and importance to dictate the trend of structural changes in the world's mineral 
industry. However, for certain commodities this is not necessarily true. Therefore, it is 
important to discuss the structural changes which have occurred, and are occurring, in 
the world's mineral industries and to assess these changes in terms of their impact on 
the mineral industries of the Asia-Pacific region. 
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STRUCTURAL CHANGES RESULTING FROM EVENTS OF THE 
1970S AND 1980S 

In assessing structural changes it is necessary to view the industry from the perspective 
of at least two decades as, by their very nature, structural changes require considerable 
time to alter the minerals industry. This is particularly true with respect to the global ; 
minerals industry where the changes evident today began with events in the early 
1970s. In this context, many of the structural changes in the world's mineral industries 
during the 1970s and 1980s are directly or indirectly attributable to the effect of the oil 
shocks of the 1970s. Noteworthy among these structural changes and respective 
impacts are rationalisation of the mineral sector, gold exploration and development 
increases, the role of oil companies in the mineral industries, and import-export and 
processing changes. These are examined in the following. 

Rationalisation of the mineral sector 

With the rapid rise in world oil prices during the 1970s, the world's economies were 
pushed into a period of depression with decreasing metals demand and excess capacity 
in the industry during the late 1970s and early 1980s. In direct response, many mines 
closed and those that did not were forced to reduce production and/or become more 
efficient and lower production cost. Although some developed and developing nations 
did not follow these general trends, the majority did and the result was that many 
mineral-producing nations saw a drastic reduction in the number of operating mines. 
Among the developed nations most severely impacted were the United States and 
Canada, while among the developing nations the Philippines and Mexico were 
strongly affected. Regardless of individual nations, however, the primary impact of 
the closing of large numbers of mines and 'mothballing' or decommissioning processing 
and refining capacity was that world production was concentrated in fewer mining 
companies, and fewer mines. As a result, the market shares of producer nations changed 
substantially, as did the geographic distribution of supply. 

Gold exploration and development increases 

The economic and political uncertainties (and inflation in prices) of the 1970s led 
directly to a dramatic increase in gold exploration and development activities, with' 
gold reaching an all-time high of US$840/oz in February 1980. This 'gold boom' 
persisted through the 1980s and substantially transformed the gold industry of most 
nations by creating a large number of small to medium-sized mining companies. Of 
equal significance, particularly to the Asia-Pacific region, was the opening of new 
areas within the Western Pacific Gold Belt (Clark, 1990) for exploration and 
development, and the development of new technologies for mining and recovery which 
have revolutionised the industry. 

Whether or not the gold boom of the 1970s and 1980s represents a structural change in 
the mineral industries worldwide or a cyclical 'boom and bust' phenomenon, it is 
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reasonably certain that for the Asia-Pacific region the gold boom has produced a 
structural change within the mineral industries of Australia, Papua New Guinea, 
Indonesia and, to a lesser extent, China. 

Role of oil companies in the mineral industries 

Perhaps one of the most significant direct and indirect structural changes which took 
place as a result of the oil shocks was the entry of the cash-rich oil companies, 
particularly four of the 'seven sisters', into the mining industry. The entry of the oil 
companies into the mineral industries followed two paths: one of direct acquisition of 
existing mining companies, and the other by grass-roots exploration and development. 
For the majority of oil companies, direct acquisition was the preferred route. However, 
a few, including Exxon at Disputada de los Condes in Chile and AMOCO at Ok Tedi in 
Papua New Guinea, chose the grass-roots approach. BP (British Petroleum) chose to 
pursue a dual path with the acquisition of major mining companies (Kennecott, AMAX, 
Selection Trust) and large-scale grass-roots development programs such as Olympic 
Dam in Australia. 

By the end of the 1980s the oil companies' role in the world's mineral industries was 
waning, with most major oil companies having divested, or in the process of rapidly 
divesting, their mineral industry holdings. Nevertheless, the brief entry/exit (over 
approximately 10 years) of the oil companies into the minerals sector initiated at least 
three major structural changes: 

1 The 'merger mania' of the oil companies in acquiring mining companies caused a 
consolidation of mining ventures into a small number of very large companies. This 
has been further enhanced by major mining firms acquiring the previously acquired 
mining firm of the oil industry. 

2 The massive exploration programs initiated by the oil companies resulted in a 
large amount of available exploration data and the identification of a large 
number of excellent mineral prospects for future development. These data and 
discoveries will continue to influence exploration and development in the future. 

3 The oil company experience with diversification into mineral industries were 
organisationally and economically unfavourable. Indeed, in the United States 
alone, oil industry losses in the copper industry reached several billion dollars. As 
a result, it is doubtful that oil company investments in the mineral industries will 
again occur at such a high level. 

It is important to recognise the long-term impact of the 'merger mania' which 
occurred in the early 1980s, and which continues today. For example, the recent 
acquisition of BP Minerals by RTZ demonstrates that consolidation involves not just 
large companies acquiring small companies, but rather, the largest acquiring the 
largest. The implications of such mergers are substantial, and are not dealt with in 

. detail in this paper. However, because of their importance to the mineral industries 
and nations of the Asia-Pacific region, some of the more obvious impacts are described 
below: 
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• Because of specialised capabilities, a corporation will tend to reduce the number of 

commodities and/or products that it produces. In a merger situation the parent J 
company is apt to retain those portions of the acquired company which fits into t . 
traditional production/sales areas, and other areas of the acquired company will 
be spun off. Overall, this results in a company being involved in fewer commodities 
in fewer countries. 

• The above-mentioned consolidation has the additional impact of, de facto, 
resulting in a concentration of capital in a smaller number of nations. Given a 
corporation's normal aversion to minimising risk and overexposure to any one ' . 
nation, the result is that investment funds move to stable investment climates and . 
away from less stable areas. 

The above factors have contributed substantially to a major structural change in the 
investment pattern of major mineral industries in the Asia-Pacific region. In 
particular, major corporations have tended to concentrate their capital investments in 
exploration and mining in the developed nations, including Australia, the United 
States and Canada. The repercussion of such investment patterns is large for the 
developing nations of the Asia-Pacific region, in that it clearly means that these , 
nations are in direct conflict with the developed nations of the world for a limited 
amount of corporate expenditure in the minerals industry. 

Import-export and processing changes 

Although not completely responsible, the oil shocks of the 1970s clearly resulted in , 
major changes in mineral imports and exports among producing and supplying nations, 
with significant adverse effects on both national and transnational mineral industries. 
To a large extent these changes were cyclical and directly tied to the economic recession 
resulting from the oil shocks. Nevertheless, in some nations cyclical changes altered 
the economics of the nation, since many mines closed and will not be reopened, while 
mines and facilities planned or under construction have been halted. Given the long 
lead times and capital costs, many of the facilities will not be viable even in the 
future. 

Perhaps the largest structural change occurred with respect to the location of 
processing facilities, particularly those with high energy costs (aluminium, nickel, 
copper, iron and steel). It is recognised that environmental and industrial 
transformations played important roles in the above changes. However, energy costs 
were a major initiating and contributing factor. As examples, the aluminium processing 
industries of Japan were completely shut down during the 1980s, in large part because of 
existing and anticipated energy costs and environmental concerns (to be discussed later). 
Similarly, the copper and iron and steel processing industries of the United States were 
drastically reduced during the same period. 

In addition to the closing down of facilities there was also a shift of processing 
facilities away from the OECD countries, particularly Japan and the United States, , 
and a development of offshore processing facilities in developing countries and the 
NIEs. Overall the closing and transferring of processing facilities, caused by :' 
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environmental and energy concerns, represents a major structural change in the mineral 
industries of the Asia-Pacific region. 

In addition to the energy-driven changes just discussed the mineral industries of the 
1970s and 1980s changed, or are changing, dramatically in response to a number of other 
development issues. Among the most significant of these are the issues of the 
environment and value-added processing. 

In the mineral industries of the world, and in particular those of the developed 
countries, there is an increasing necessity to be responsive to environmental concerns. 
The emerging importance of the environmental issue is reflected in the following: 

''. • Environmental costs in the developed nations, which overall have higher 
-,'; environmental standards and in many cases stronger enforcement, have resulted in 
', the closing of a substantial portion of the mining and processing industries in those 

nations. With the United States as an example, it can be demonstrated that 
because of environmental concerns and costs, all of the country's lead and zinc 

;' smelting capacity was shut down in the 1970s and over 75% of total copper smelting 
capacity has been abandoned. Similarly, the 1980s saw the demise of Japan's 
aluminium smelting and refining industry, as previously mentioned, in large part 
for environmental reasons. 

• As a result of the environmental impacts on the mining and processing activities of 
the developed countries, there has been a tendency for new investments in these 
activities to be more concentrated in the less developed and developing countries. 
Although the environmental issue is certainly a factor in the offshore location of 
smelting and refining activities, it is inappropriate, as many authors have 
asserted, to assume that this is the major factor. In particular, energy costs seem to 
be much more important in siting decisions. Regardless of the cause, the tendency to 
locate new smelting and refining capacity in developing nations and the NIEs is a 
significant structural change in the mineral industry of the Asia-Pacific region. In 
the future even more changes may occur as environmental issues become globalised 
and issues of global warming, rising sea levels, and the disappearing ozone layer 
become concerns with respect to smelting and refining. 

Another structural change in the mineral industries of the Asia-Pacific region has 
been the shift of the less developed and developing nations from their traditional role 
as suppliers of the raw materials, to the NIEs and the developed nations, to that of 
importers of raw materials and semiprocessed metals. This structural change has 
profound importance with respect to both the present and future structure of the mineral 
industries within the Asia-Pacific region, and more importantly impacts on the course 
of development that the individual countries may be able to follow. 

Although most developing nations, and the NIEs in particular, have focused on 
'value-added* refining and processing as a means of earning foreign exchange for 
development, the rapid rise in internal demand for semiprocessed and processed metals 
severely constrains exports. The aforementioned rise in imports is a clear indication of 
the dilemma that many developing nations face. The impact of this structural change 
is the importation of 'value-added' rather than its export. To resolve this dilemma, 
developing nations must expand their mineral industries, increase imports, or pursue a 
course of expansion and imports. The effect of any of these scenarios is that foreign debt 
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will have to increase in the developing countries if they choose to pursue a national 
development scheme or increase imports, and foreign ownership in developing nation 
resources will increase if they choose to engage in joint ventures or leave development to • 
the private sector. For many Asia-Pacific nations none of the available choices or -
courses of action are acceptable. At present the problem remains largely unresolved and . 
will continue to be a major concern into the 1990s and beyond. 

EMERGING NATIONAL FACTORS FOR STRUCTURAL CHANGE 

Political, social, and economic changes during 1989 and the early 1990s have been 
almost without precedent with respect to the scope, rapidity and impact of change. In 
particular, events in Eastern Europe, China, the Soviet Union, Chile, Indochina, the 
Philippines, Burma, and Thailand can all be expected to substantially impact the 
Asia-Pacific mineral industries, both negatively and positively. It is beyond the scope 
of this paper to deal with any of these events in detail. However, a general statement . 
is appropriate with respect to their possible impacts on the mineral industries of the 
Asia-Pacific region. 

Eastern Europe 

Perhaps no single action has more captured the world's imagination than recent events 
in Eastern Europe and the opening of the CMEA nations (Bulgaria, Czechoslovakia, the 
German Democratic Republic, Hungary, Poland, and the Soviet Union) to the west. As 
momentous as the opening to the West has been, the impact of the CMEA nations (with 
the possible exception of the Soviet Union) on the world's mineral industries it is not 
expected to be large overall, but may be significant with respect to certain commodities 
and/or types of equipment. Nevertheless, the CMEA nations, excluding the Soviet 
Union, are all reasonably industrialised with long histories of mineral development. 
As such, the remaining resource potential of the individual nations is not considered to 
be high except in the Soviet Union. From the minerals industry perspective, therefore 
the CMEA nations are best viewed as major raw material importers providing 
opportunities for mineral-exporting nations. Even as consuming nations, the severe 
economic depression of the CMEA countries will seriously limit their ability to import 
all but modest amounts of commodities in the near term. In the longer term it is to be 
expected that the CMEA nations will increase their metals consumption, begin to 
export larger quantities of semiprocessed and processed metals, and make significant 
market penetration in the mining equipment market. At the same time, it must be 
recognised that the potential for strong growth and strong metals consumption exists 
within the CMEA nations. From the perspective of the Asia-Pacific region it must be 
emphasised that, overall, the CMEA nations have close ties to the European Economic 
Community (EEC), and, de facto, a comparative advantage with the development of 
reciprocal trade in metals. 
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Soviet Union 

Unlike the other CMEA nations, the Soviet Union is already a major economic power, 
with a large untapped mineral resource potential and well-developed and diversified 
minerals industry and, above all, a strong need to expand its minerals industry for both 
domestic growth and export to earn foreign exchange. A recent study within the 
Minerals Policy Program of the East-West Center (Dorian and Caldwell, 1989) showed 
that mineral exports by the Soviet Union to Asia rose from 1975 to 1985 at an annual 
rate of 22.4%. Simultaneously, however, Soviet imports during the same period 
declined by 13.8%. The decline in imports is largely the result of a decline in the 
import of steel forms from Japan to the Soviet Union. Although the amount of trade 
between the Soviet Union and Asia is comparatively small (US$1,050 million in 1985), 
it is significant in that it shows a steady increase in exports and a decline in imports 
with respect to Asia. Therefore, in the long-term the Soviet Union must be regarded as 
a potentially large mineral exporter which could impact on the mineral industries of 
the rest of the Asia-Pacific region. 

China 

Potentially one of the world's largest consumers and producers of minerals, the 
long-term economic development of China and subsequent impact on global metal 
markets is perhaps one of the greatest uncertainties with respect to the mineral 
industries of the Asia-Pacific region. Though potentially rich in a wide range of 
mineral commodities (Clark et al., 1987; Dorian and Clark, 1987) for the foreseeable 
future, China will be a large net importer of metals. According to Johnson and Clark 
(1987), China's imports of 14 major metals may rise from US$5,000 million in 1985 to 
about US$12,000 million (in constant dollars) by 2005. The long-term impact of China 
on the mineral industry of the United States will depend largely on the rate of China's 
overall growth. Recent political events indicate that development may be much 
slower than projected during the 1980s. Overall, it is projected that China will 
continue to be a growing import market for Asia-Pacific minerals, but will not grow at a 
rate to cause any significant structural changes during the next decade. 

STRUCTURAL CHANGES FOR THE 1990S A N D BEYOND 

From the preceding discussion it can be seen that the mineral industries of both the 
Asia-Pacific region and the world have undergone and are continuing to undergo major 
structural changes. A basic question related to these changes is what do they indicate 
for the 1990s and beyond. It is my opinion that these and future structural changes will 
lead to an extremely different mineral industry than that at present. The basic 
attributes of the new mineral industry will be as follows: 

• It is anticipated that the present trend towards fewer companies will continue and 
the remaining companies will be large and vertically integrated. As an example, it 
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would appear that the minerals industry will begin to look very similar to the oil 
industry of today with its dominant 'seven sisters'. Perhaps the minerals industry 
will develop such that it will become the 'seven brothers'. Such an industry will ' 
possess all of the positive and negative aspects of industry consolidation. 

• The clear and present trend with respect to mining projects is for the development of ' 
large integrated projects which allow for the capture of considerable value-added 
processing. As a result, world supply will tend to become more concentrated in fewer 
mines and countries. In the past such large projects have been undertaken by a mix j 
of privately financed projects and those financed by international lending agencies. I 
Because of huge debt burdens by many developing countries and broad resentment by ; 
the private sector, it must be concluded that fewer large mineral developments will 
be supported by international lending agencies. Conversely, with the emergence of 
large integrated mining companies with cash reserves or access to financing, more 
deposits will be developed by private enterprise in the future. 

• Given the above structural changes towards large-scale integrated mineral 
developments primarily financed by private industry, it must be assumed that the 
competition for having a mineral development within an individual nation will be -
very intense. With respect to the Asia-Pacific region, it can be inferred for reasons 
of resource endowment, political stability, and economic framework, that "-, 
developments will continue to be concentrated in the United States, Canada, 
Australia, Indonesia and Papua New Guinea during the next decade. Other nations 
within the region will continue to have mineral developments, particularly with 
respect to precious metals, but will not share equally with respect to the large 
integrated projects. 

• The experience of the 1980s has shown that only the most efficient mines, 
particularly those with large economies of scale, are able to profit through the ; 

cyclical downturns in the minerals sector. What is occurring because of the 
emphasis of large, efficient, vertically integrated mineral developments is a 
technological shift toward R&D for large projects. With the obvious exception of 
gold, therefore, there is emerging in the mining industry a 'technological 
funnelling' which neglects developments for small to medium-scale mines. 
Although some downsizing is always possible, there is an overall trend away from . 
such deposits. What may emerge is a reversal of the classic development scenario 
of progressing from small high-grade deposits to large low-grade deposits and only 
the largest deposits will be considered for development. The impact of such a 
reversal would be devastating on many of the developing nations of the world and 
within the Asia-Pacific region. 

• The experiences of the 1970s and 1980s have further dictated the location of future 
mining and processing activities because of a concern for low-cost energy and the 
environment. Particularly important is the fact that the developing nations are 
less well equipped to deal with the technological and capital demands being 
requested by the environmental movement. This issue is of increasing importance as 
the environmental issue becomes internationalised. Although once seen as a 
comparative advantage for developing nations, the environmental issue may 
ultimately become a disadvantage as the global mineral industry becomes more 
environmentally responsive. 
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;"•-,' Table 1.1 Asia-Pacific's share of world mineral production, 1987 

APC Share of Major APC producer 
output world 

Commodity (1(r mt) production (% of world) 
(%) 

Aluminum, refined 2,761 17 Australia 6 China 3 
Antimony 22.6 40 China 34 Turkey 4 
Bauxite 41,099 43 Australia 36 China 3 
Bismuth 1.95 50 Australia 26 Japan 14 
Cadmium, refined 5.02 26 Japan 12 Australia 5 
Chromium.mine 1,337 13 India 6 Philippines 2 
Copper, mine 1,234 14 China 3 Australia 3 
Copper, refined 2,078 20 Japan 10 China 4 
Gold, mine 0.3 19 Australia 7 China 5 
Lead, mine 956 28 Australia 14 China 7 
Lead, refined 1,114 20 Japan 6 China 4 
Manganese 4,789 21 Australia 8 China 7 
Mercury, refined 1,337 23 China 16 Australia 4 
Nickel, mine 227 29 Australia 9 Indonesia 7 
Nickel, refined 207 27 Japan 12 Australia 6 
Silver 2.2 16 Australia 8 North Korea 2 
Tin, mine 109 59 Malaysia 16 China 15 
Tin, refined 115 57 Malaysia 22 China 15 
Titanium 1,566 45 Australia 32 Malaysia 6 
Tungsten 24.4 62 China 46 South Korea 6 
Zinc, mine 1,668 23 Australia 10 China 5 
Zinc, refined 1,849 27 Japan 11 China 5 

Source: Clark and Jeon (1989). 
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Table 1.2 World primary aluminium consumption forecasts, years 
2000 and 2015, in metric tons (000) 

1987 

2000 2015 

1987 iua GDP b Probable0 iu a GDP b Probable0 

United States 4,536 4,507 7,287 7,117 3,285 10,267 10,689 

Japan 1,940 2,646 3,858 3,815 3,507 7,366 6,202 

China 800 1,196 2,135 1,604 1,312 6,157 3,086 

Korea 209 842 635 734 3,679 2,170 2,287 

Indonesia 68 181 119 181 525 286 311 

Philippines 11 16 28 63 10 58 123 

Malaysia 27 111 101 120 389 310 227 

Thailand 54 203 194 165 719 617 293 

Australia 312 829 596 600 2,296 2,221 1,190 

Asia-
Pacific 

4,236 8,269 10,987 12,893 18,025 27,530 35,541 

World 17,201 21,266 32,646 30,359 27,331 61,420 53,243 

Notes: Intensity of use technique and linear model forecasts are based on the fundamental 
assumption that the trend of current growth rates of Gross Domestic Product will 
persist unchanged into the future. 

a 
b 

Intensity of use technique. 
Linear model using per capita mineral consumption as the dependent 
variable and GDP per capita as the independent variable. 
Long-term mineral demand model as proposed in this study. 

Sources: Clark and Jeon (1989); Metallstatistic 1977-1987, Metallgesellschaf Aktiengesselschaft, 
Frankfurt am Main 1988 for 1987. 
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Table 1.3 World refined copper consumption forecasts, years 2000 and 
2015, in metric tons (000) 

1987 2000 2015 1987 

iua GDP b Probable0 iua GDP b Probable0 

United States 2,176 2,232 2,655 2,965 2,039 3,190 3,692 

Japan 1,491 1,556 2,419 2,037 1,500 4,024 2,641 

China 470 1,019 1,121 715 2,285 2,607 1,062 

Korea 260 790 1,402 731 2,501 6,672 2,541 

Indonesia 33 62 93 101 154 285 221 

Philippines 10 26 14 26 80 25 45 

Malaysia 19 107 112 47 391 480 101 

Thailand 26 101 132 71 450 497 123 

Australia 124 169 162 153 152 208 181 

Asia-Pacific 2,671 5,251 6,814 5,420 11,394 13,553 9,815 

World 10,426 13,094 15,255 14,504 16,712 22,432 19,852 

Notes: Intensity of use technique and linear model forecasts are based on the fundamental 
assumption that the trend of current growth rates of Gross Domestic Product will 
persist unchanged into the future. 

a 
b 

Intensity of use technique. 
Linear model using per capita mineral consumption as the dependent 
variable and GDP per capita as the independent variable. 
Long-term mineral demand model as proposed in this study. 

Sources: Clark and Jeon (1989); Metallstatistic 1977-1987, Metallgesellschaf Aktiengesselschaft, 
Frankfurt am Main 1988 for 1987. 
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2 The Asia-Pacific petroleum market: 
critical issues for the 1990s 

FEREIDUN FESHARAKI, 
DAVID ISAAK AND 
NANCY YAMAGUCHI 

The late 1980s saw an astonishing turnaround in the Asian oil market. After years of 
stagnation, three main factors — economic dynamism, lower oil prices, and reduced 
government regulation of the market — resulted in a consumption surge that surprised 
even those analysts that were already predicting recovery. A chronically capacity-
surplus refining industry saw a leap in profitability, and a new construction boom began. 
Rapid demand growth spread from the middle distillates to such formerly depressed 
products as gasoline and fuel oil, and naphtha markets began to expand again as the 
petrochemical industry resumed rapid growth. Across the Pacific, the United States 
West Coast also experienced a renaissance in demand; although nowhere near as 

/striking as the growth rates seen in Asia, the growth in gasoline demand from its huge 
, Dase has begun to pose problems in terms of future supply. 

The demand boom is only part of the story, however. At the same time that demand 
las been rising and demand patterns have been shifting, other changes have begun. A 

/ tew environmental awareness has taken root in Asia, and new environmental standards 
' - ire being set almost daily, not only in the richer countries of East Asia, but also in many 

)f the developing nations of the region. Tetraethyl lead is rapidly being phased out of 
he gasoline pool, and sulphur specifications are being tightened on most products. In 

'.'• ome of the larger economies, nuclear-power construction has come to a halt, and new 
:oal plants are opposed as well. Although virtually every country remains committed 
m paper to controlling reliance on fuel oil in the power sector, old fuelburning facilities 
ire being revamped and brought back online — partly to meet the unexpected growth 
ates in electricity demand, but also as a stopgap measure to deal with political 
ipposition to coal and nuclear power. 

Unfortunately for the power-sector planners, however, traditional sources of low-
ulphur oil for power generation may be limited in the near term. Despite many new 
liscoveries around the region, Asian crude availability is shrinking, both in terms of 
vailability on the international market, and in terms of its percentage contribution to 
egional oil demand. After years of decreasing reliance on the Middle East, the region 
/ill face rapid increases in imports from the Persian Gulf in the 1990s. 

This paper does not provide a major synthesis of all these factors; to do so would take 
lengthy and highly detailed study. Instead, this report will merely identify and 

iscuss a number of emerging questions in the market, and perhaps raise even more 
uestions in the process. 

19 
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CRUDE SUPPLY A N D CRUDE QUALITY ; 

Following the second oil crisis in 1979-80, Asian oil production and exploration 
increased rapidly. India, Australia and Malaysia, formerly small players in the 
market, emerged as important producers. China expanded an already-large industry. r 

Only Indonesia showed rattier disappointing results, but, given the difficulty in.' 
enforcing OPEC restraints on production, many producers saw this as a blessing. By 1985' ' 
regional reliance on imports from the Middle East was at an all-time low. 

Asian production from super giant fields is limited; most Asian fields are smaller, • 
and keeping production levels up in most countries requires a high and continuous level 
of investment in exploration. Therefore, most analysts foresee a long-term decline in 
production, particularly in Southeast Asia. 

The decline is not ready to happen yet. New finds in both Indonesia and Malaysia, -
coupled with new greenfield sites in Vietnam and Papua New Guinea, will continue to 
push up regional production in the near term; indeed, in the next two or three years, 
there may be a minor glut of heavy, waxy crudes, as Duri, Intan and Widuri production 
hit full stride. 

Our estimates of regional production by country are shown in Figure 2.1. This figure is 
based on projections of individual fields, coupled with major additional finds in Papua 
New Guinea, Burma, India, China and Vietnam. As the figure shows, we anticipate a 
fairly rapid increase in regional production through the mid-1990s followed by a 
gradual decline through the end of the century. From a 1989 level of 6 million b/d, we 
expect production to rise to about 6.6 million b /d in 1995, falling back to just over 6.1 
million b /d in 2000. Even with the decline, this leaves Asian production well above the 
levels it attained in the 1980s. 

Demand for Asian crudes in producer countries is rising far more rapidly thar 
production, however. China, India, and Australia need all the crude they can produce 
any exports from these countries will be offset against increased imports fron 
elsewhere. Indonesia and Malaysia will remain major net exporters, but both face t 
general decline in production, and both plan a major increase in domestic refining tha 
will consume large volumes of their own crude. Burma, Vietnam and Papua New Guine< 
will all increase their exports dramatically in relative terms, but the increase is smal 
in terms of the overall market. Brunei is the one constant factor in the Asian oil scene 
Brunei could easily continue its current rate of production essentially unchanged unti 
late in the 21st century. 

Figure 2.2 shows our projections of Asian crude exports through 2000, with historica ' 
data beginning in 1977. Despite the continued increase in production through th-
middle of the decade, exports begin a very sharp decline after 1992. From present level 
of nearly 2 million b/d , Asian crude exports fall by a third to 1.3 million b / d in 199J • 
and then fall by half to a mere 600,000 b / d by 2000. Although the 'other' producer* 
such as Burma, Vietnam, Papua New Guinea and New Zealand, play only a minor rol . 
in regional production, by the end of the decade they may play a pivotal role in th 
region's crude supply situation. At present, 'other' producers supply only a little ove • 
3% of the region's exports; by 2000, close to 40% of the region's exports could come fror' 
today's small producers. 

The overall outlook is summarised in Figure 2.3, which shows the trend of region? 
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production against the trend of available exports in the region. The story is simple — 
increasing domestic refining in producer countries results in decreasing crude exports — 
but the consequences may be complex. 

Japan already has stringent specifications on sulphur in oil products. In the last few 
years, Taiwan and Korea have both tightened sulphur specifications, and Korea plans 
further dramatic reductions in sulphur contents of both fuel oil and diesel. Formerly, 
such specifications were considered to be the concern only of rich countries, but 
environmental legislation has spilled down to medium-income nations as well, and now 
even many of the developing countries in the region, such as Thailand, are considering 
tightening controls on sulphur emissions. 

Unfortunately, the nearby sources of low-sulphur crudes are disappearing, and there 
are no obvious solutions to this problem. Other import sources, west to the Middle East 
or east to Latin America, are notoriously high in sulphur; the 'low-sulphur' crudes from 
these regions are typically much higher in sulphur than the 'high-sulphur' Asian 
crudes. Although substantial new production of low-sulphur crude is expected from 

, West and North Africa in the 1990s, the transport distances and competition for 
supplies by Europe and the United States suggest that African crudes will continue to 
play only a minor role in the Asian crude slate. Thus, the 1990s will see a major change 

.', in the region's overall slate. An assessment of the likely effects is given in Table 2.1. 
'•';v Table 2.1 shows the probable crude slates for Asia as a whole in 1990,1995 and 2000. 
';f• The assumption implicit in the table is that Asian refining will continue to grow 
]ii roughly in pace with demand, although the gap between refinery runs and demand will 
',? widen from 1.1 million b /d in 1990 to almost 2 million b /d in 2000; much of this gap 
V accounted for by imports of LPG. 

The calculations in the table are based on analysis of 50 crude streams in Asia, the 
,; Middle East and Latin America. After 1990 it is assumed that virtually all Asian 
,"-••', Droduction will be consumed in Asia. The characteristics of all major Asian streams, 
}< ncluding sulphur, specific gravity, and distillation yields, are tabulated along with 
" ©recasts of production by stream. For Middle East and Latin American streams (the 

atter playing only a minor role), similar characteristics are tabulated, and crude 
selections are made to fill the gap between regional production and anticipated 
'efinery runs. Although the crude selection process is entirely judgmental, current 
patterns of imports, existing overseas tie-ups, production profiles by stream, and 
product demand patterns were all weighed in determining the import patterns. 

In 1990 about 43% of Asian refinery runs will come from outside the region. The 
iverage sulphur content of the Asian streams is 0.25%, while the sulphur content of 
mported crudes averages 2.11%, resulting in a total slate average of about 1.06%. By 
995 over 51% of the region's runs will come from imports; Asian crude sulphur content 

. vill average 0.28%, imported crude will average 2.11%, and, because of the greater 
'-,< pie of imported crudes, total average slate sulphur will increase 15% to 1.22 weight%. 
-•; "he trend continues through the end of the decade; although the average sulphur 

\ ontent of imported crudes dips slightly (owing to higher Middle East output of lower-
ulphur crudes, plus increased Asian demand for lighter crude grades), the average 
late sulphur increases to almost 1.4% as a result of imported crude's share of the total 

' late increasing to 61% . 
Despite years of dire predictions about increasing gravity of the crude slate, our 

. ^recast does not see this as a factor in the Asian market. The API of Asian crude 
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production is practically constant at 32 degrees, and we anticipate that the average 
gravity of imports from the Middle East will increase slightly as a result of Asian 
refiners seeking higher-quality crudes to make up for their loss of sulphur advantages. \ 

Although the sulphur content increases only gradually across the period, when ,.•-
considered volumetrically, the problems refiners will face in an era of more-stringent. 
specifications become obvious. On a straight-run basis, after accounting for refinery fuel 
use, refiners will have about 3.1 million b /d of low-sulphur resid and 2.2 million b /d of; 
high-sulphur resid in 1990. By 1995 this will increase to rough equality between the 
two pools; low-sulphur resids will total 3.4 million b/d , and high-sulphur resids will 
total 3.2 million b /d . In 2000 the straight-run yields of high-sulphur resids will 
dominate; low-sulphur yields will total 3.1 million b /d , while high-sulphur resids • 
will total 4.4 million b/d . 

The straight-run yields, when compared to demand, give an indication of the need 
for upgrading (or, alternatively, for trade to make up supply/demand mismatches). In 
1990 about 1.8 million b / d of fuel oil will have to be disposed of; by 1995 this will 
increase to almost 3 million b/d, and by 2000 to 3.4 million b/d. Since the demand for 
fuel oil around the region is becoming increasingly oriented towards low sulphur 
material, most of the fuel oil that needs to be disposed of will be high in sulphur 
content. At present, many of the refiners around the region are ill-prepared, in terms of • 
feed pre-treatment equipment, to meet a dirtier feedstock slate. 

To add to the confusion, the current low-sulphur fuel oil balance in the region has • 
developed with high levels of crude-burning in Japan. Figure 2.4 shows Japanese crude 
burning for the period 1977-89. Although crude burned in Japanese power plants still, 
totals less than the peak of around 400,000 b /d in the mid-1970s, crude burning has been 
on the upswing since 1985. Currently, Japan burns about 325,000 b /d of low-sulphur" 
crude, and many analysts expect this figure to grow. 

In the mid-1980s Japan found itself with a massive excess of fuel oil desulphurisation 
capacity at a time when crude prices were depressed and low-sulphur crude production 
and exports were on the rise. Utilisation rates for desulphurisation units fell to the 30- ' 
40% range. As a result, most of the refiners in Japan have, over time, revamped their, 
desulphurisers into 'mild hydrocrackers'. Although they could be re-converted for use. 
as desulphurisers, they are now an integral part of the supply system for light products 
in the Japanese refining sector. Ironically, Japan found itself with excess 
desulphurisation at the time it was least needed; and now, when shortages of low-
sulphur crudes are beginning to appear on the horizon, the desulphurisers have been - . 
converted to other uses. The situation has led MITI to call for installation of an 
additional 300,000 b / d of fuel oil desulphurisation, but, remembering the expensive 
overhang of the mid-1980s, the Japanese refiners have generally been reluctant to make 
such new investments. 

Many in the oil industry consider it preposterous for Japanese burning of crude tc 
continue at today's levels, and, given the export outlook for low-sulphur crudes in Asia, 
the Japanese burning practices will cause significant stresses on the market (as well as 
continuing to create a number of price distortions in the market where crudes are valued 
on a sulphur and heat-content basis rather than on the basis of their refining value), 
Figure 2.5 shows what role Japanese crude-burning will play in the regional market if 
it is merely continued at its 1989 levels. By 1995,25% of all Asian crude exports woulc 
be burnt in Japan; by 2000, Japanese crude-burning would consume almost 55% of the 
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low-sulphur crude on the regional market. 
Elimination of Japanese crude-burning in favour of burning low- sulphur resid would 

have impacts of its own, however. The major effects are outlined in Table 2.2. Substitut
ing low-sulphur resid for crude oil currently burned on a heat basis would require about 
300,000 b / d of low-sulphur resid. Based on a stream-by-stream assessment of the 
distillation yields of crude currently burnt in Japan, refining the crudes currently burnt 
would yield only 180,000 b /d of low-sulphur resid, 120,000 b /d short of the amount 
needed. 

To meet Japanese demands from straight-run low-sulphur resid would require 
increasing regional crude runs by about 540,000 b/d. This would increase regional output 
by about 71,000 b /d of naphtha, 45,000 b /d of kerosene, and 110,000 b /d of gasoil. In 
1995, this would mean that 41% of the region's exports would be devoted to production 

.. ! of low-sulphur resid for the incremental change in the Japanese market. Furthermore, 
'- / Japanese sulphur standards are so stringent that the resids from many of the crudes 
•Jrf. currently burned are too high in sulphur to be used in the Japanese power sector; at least 
j : t some additional levels of desulphurisation would be required somewhere. 
;:' Japanese crude-burning is strongly influenced by government policy, included the two-
;'. tiered tariff-quota system on fuel oil imports. Crude-burning could be eliminated by the 
;, stroke of a pen, but it could have many unforeseen consequences for the market. 
'••; _. Whatever policy is eventually adopted by the Japanese regarding the burning of 
/ . crude, it is clear that the regional trend is going to place more stress on the pool of low-
V sulphur blendstocks. Although many countries will move to fuel oil sulphur 

specifications much tighter than those seen in recent years, most of these will not be so 
stringent as to require installation of full-range fuel oil desulphurisers; many of the 
intermediate specifications can be met by installation of 'indirect' desulphurisation 

, (VGO desulphurisation followed by reblending). Nonetheless, there will be continued 
upward pressure on the prices of low-sulphur resids, and a need for widespread 
construction of desulphurisation facilities for kerosene, gasoil and VGO. 

GASOLINE SUPPLY, GASOLINE QUALITY A N D NAPHTHA 
D E M A N D 

..'":' One of the big surprises of the late 1980s was the revival of the gasoline market in 
-",'„ Asia. Beginning in 1987, gasoline demand began to rise rapidly everywhere in the 

1 region; spectacularly in some nations, such as Korea, where demand increased by 31% 
in 1988. Traditional high consumers, such as Australia, are seeing additional increases, 

:., but countries that have historically had low levels of gasoline consumption, such as 
>. fapan, have seen a massive growth in demand. 

The increase in demand for gasoline has been accompanied by a revival in the 
naphtha market, mostly as a consequence of the renewed vigour of the Asian 

, petrochemicals market. Starting from the base year of the increase, 1987, naphtha is 
expected to grow at annual rates of 6.2% through 1995; gasoline demand is expected to 
»row at 5.7% across the same period. Although the surge slows somewhat after 1995, in 
he last half of the decade, both products are expected to grow at about 4.1% per year. 

Figure 2.6 shows our forecast of regional demand for naphtha and gasoline, 
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aggregated from our country-by-country product demand forecasts. From a 1987 base of 
2.6 million b /d , the demand for naphtha and gasoline is expected to reach 4.1 million. 
b /d by 1995, and nearly 5.1 million b /d by 2000. Despite this large increase, however,, 
the share of light distillates in total demand does not increase substantially; because ' 
of rapid growth across the barrel, the share of light distillates in total demand 
increases from 26% of the *non-LPG barrel' to 30% in 2000. 

Like other fractions of the barrel, gasoline is now subject to new environmental 
pressures. On the United States West Coast these have included RVP reductions, . 
elimination of tetraethyl lead, olefin controls; and discussions are now underway for 
legislative limitations on aromatics content and minimum oxygenate contents. In Asia, . 
the environmental focus has thus far been restricted to lead content, but the aromatics 
situation and the role of oxygenates is now under study in Japan. 

Somewhat surprisingly, Asia already has one of the largest% ages of unleaded ' 
gasoline among the world's regions. The two biggest gasoline-consumers in Asia, Japan 
and China, are virtually lead-free, although the reasons for this situation in the two 
countries are quite different. 

Excluding China, leaded and unleaded gasoline have about equal shares of the 
Asian market at present. Japan accounts for nearly 90% of all the unleaded gasoline , 
demand, however; in no other nation (other than China) does the share of unleaded -
presently exceed 25%. 

The situation is undergoing rapid change. Just a few years ago, many nations allowed' 
leading up to 0.8 g/1; now 0.4 g/1 is widespread, and most of the countries with this 
standard have announced moves to 0.15 g/1 or lower in the next three years. Almost all • 
of the nations outside of the Indian subcontinent have plans for eliminating lead by the 
middle of the next decade. 

Based on current legislation and plans under discussion, coupled with country-by 
country specifications, grades, and demand forecasts, the outlook for the Asian gasoline 
pool outside China is as shown in Table 2.3. In the late 1980s unleaded gasoline -
accounted for 51% of demand, at 729,000 b/d; by 1995 unleaded demand will more than. 
double to 1.66 million b/d, and will account for 84% of the total. 

Closer examination of Table 2.3 shows some curious trends. Although the average 
octane of the unleaded pool stays constant, the octane of the leaded pool falls, ever, 
though the average levels of lead in the leaded pool increase slightly. This counter
intuitive development is the result of the fact that the conversions to unleaded are 
taking place mainly in nations where relatively high octane grades predominate, and 
where leading levels already tend to be lower than in many of the poorer nations. The 
leaded pool past 1995 is restricted primarily to nations with low octane standards anc 
heavy use of lead. 

The rapid phase-out of lead at a time of soaring demand might seem to place 
impossible pressures on the Asian octane pool. Surprisingly, however, the current level.1 

of upgrading firmly planned, plus facilities already in place, can easily cope with the 
octane problem. Asia has always had more cat cracking than appropriate given the. 
level of gasoline demand, partly because the capital and operating costs fo; 
hydrocracking have proven to be too big a hurdle for the industry in many countries 
The revival of demand for light distillates has led to plans for additional resid ca . 
cracking, as well as major investments in cat reforming. If facilities operate nea'.-.. [. 
capacity, Asian gasoline demands can be met easily in both volumetric and octane term. 
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based on units we expect to be onstream by 1995. This excess of octane is not surprising in 
light of the fact that many Asian countries, from Thailand to Indonesia, and possibly 
even Japan, have aspirations to be gasoline exporters in the 1990s. Furthermore, the 
expansion of MTBE production in the region offers alternatives that will give even 
more flexibility in gasoline blending; Asian countries should be producing a minimum of 
28,000 b /d of MTBE by 1995. 

The difficulty that Asian refiners will face is not one of octane, but rather one of 
total light distillate volume. In the past, naphtha has been a high-volume, low-cost 
trade commodity in the region. A number of countries, notably Indonesia, Singapore and 
India, have had substantial naphtha surpluses for export, and these have been 
augmented by large volumes of trade from the Middle East. Demand growth and 
gasoline blending in the region now suggest that the naphtha surpluses from regional 
exporters are likely to dry up in the 1990s. Furthermore, continued naphtha supplies 

- from the Middle East face an uncertain future as well; Middle East countries are 
studying ways of upgrading current naphtha exports into gasoline, and though gasoline 
and naphtha markets elsewhere in the world do not show the dramatic levels of 
demand increase seen in Asia, growth is strong almost everywhere. 

Many countries in Asia now envision themselves as gasoline-exporters and naphtha-
•. importers. Unfortunately, few are now inclined to view themselves as naphtha-

exporters and gasoline-importers. A major collapse of gasoline prices is not likely, but a 
major strengthening of naphtha prices now seems almost inevitable. 

This prediction should not be surprising; what is surprising is the extent to which the 
Asian market has remained unlinked with market conditions elsewhere. Figure 2.7 
shows gasoline-naphtha differentials in the United States, Rotterdam and Singapore 

' markets. Singapore differentials are far wider than those seen elsewhere. Examination 
of the data shows that this is not a result of the gasoline prices, which are fairly 
closely linked around the world, but rather the result of unusually low naphtha prices 
in Asia. A prediction of narrowing gasoline-naphtha differentials in Asia is 
essentially a prediction of increased relative naphtha prices. 

Given the many countries that currently aspire to be major gasoline exporters, it is 
logical to ask where the exports will go. In the short term, there are many markets in 
nations that have found themselves overtaken by the demand surge, but in the longer 

;% . term, most nations have plans that entail gasoline self-sufficiency at the minimum, 
'Ji and exportable surpluses in many cases. When this is pointed out, the inevitable 
V response is to point out the situation on the West Coast of the United States. 
;'{ Gasoline demand is growing on the West Coast. Although growth rates are slower 
•;.; :han in Asia, demand is growing from a large base. West Coast crude supplies are 

ightening, and new environmental restrictions, especially in California, will require 
;,' rtajor investments in emission controls at refineries. There is also widespread 
\ opposition to construction of new refineries, or indeed new oil facilities of any sort. 

:p Coupled with high operating costs, many West Coast refiners have begun to ponder 
- ncreased gasoline imports as a means of meeting their market needs, and some have 
. iven explored the concept of locating new refineries 'offshore* to serve West Coast 

narkets. Thus, on the face of it, the West Coast would appear to be a promising market 
or Asian exporters. 

The nature of gasoline on the West Coast is undergoing major shifts at present, 
lowever. As mentioned before, new specifications, new kinds of 're-formulated 
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gasolines', and new controls on emissions are being widely discussed. Although the 
West Coast market for gasoline may be attractive, it is not clear that most Asian 
refiners will be able to meet new West Coast specifications. Until recently, the RVP 
restrictions and the requirement that the gasoline be unleaded were perceived as the 
major hurdles; now, proposed limitations on aromatics content of gasoline could add an ', 
even more significant barriers to Asian exporters. 

The exact form of future aromatics standards is uncertain. A limitation on maximum 
benzene content of 0.8% seems likely; full elimination is possible. Some restriction on 
C9 and CIO aromatics may come into place, and there are many pieces of legislation 
that propose lowering total aromatics content to a level of 25% by volume. 

Although the Asian octane pool is relatively rich, and likely to become richer in the 
1990s, Asian refiners rely heavily on cat cracking and cat reforming for their high-
octane blendstocks; these technologies result in high-aromatics blendstocks. Indeed, cat 
reforming exists primarily to convert non-aromatics to aromatics. Because of this high 
reliance on these two technologies, Asian gasoline blendstocks tend to be higher in ' 
aromatics than the United States average. This is shown more clearly in Figure 2 .8 / 
which provides estimates of the average aromatics content of gasoline produced in. 
various countries, based on the unit sources of their blendstocks, corrected for BTX 
extraction, and, in the cases of India and China, for operation of cat crackers at low 
conversion rates. As the figure demonstrates, to meet a 25% limit on aromatics content, 
all refiners would have to cut substantial amounts of high-octane material, but it 
would be particularly severe in many Asian countries. Furthermore, this graph 
displays the present situation; most countries, including low-aromatics Thailand and 
India, have plans for additional RCCs and/or cat reformers that will push their pool 
composition even higher in terms of aromaticity. This is good news in terms of the 
region's drive towards unleaded gasoline; it may not be quite so appealing to exporters 
planning to penetrate United States markets. 

PRODUCT D E M A N D A N D REFINING CAPACITY 

Table 2.4 shows our base case demand forecast for the Asia-Pacific region for 1995 and ' 
2000 with 1987 — the first year of renewed growth — as a reference benchmark. Tota 
demand for oil is expected to expand from its 1987 base of 10.7 million b / d to 14.5 
million b / d in 1995 and 17.8 million b /d in 2000. The total average growth rate across 
the period is about 4% per annum, with faster growth in the earlier period. 

Figure 2.9 shows the 1987 demand barrel (excluding LPG) compared against the 
incremental barrel of demand for the period through 1995. The base year barre 
consisted of 8% naphtha, 18% gasoline, 13% kerosene, 28% diesel, 27% fuel oil, anc . 
6% 'other' (primarily lubes, greases and asphalt). The marginal demand barrel shows < 
quite a different composition: 12% naphtha, 24% gasoline, 12% kerosene, 42% diesel 
4% fuel oil, and 6% 'other'. Despite the revival in fuel oil demand, the incrementa 
barrel is composed of 90% middle and light distillates. The need for additiona 
upgrading to balance the barrel is obvious. 

Additions of 1.7 million b /d to current refining capacity are firmly planned, anc' 
another 1 million b /d of capacity is under serious study. Associated with current plan 
are 725,000 b / d of firmly planned cracking capacity, and another 380,000 b / d o 
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cracking under study. The scope of present upgrading activity is shown in Figure 2.10. 
Additions of 160,000 b/d to current coking capacity of 248,000 b /d is probable by 1995; 

another 40,000 b /d is under study. Planned cat cracking expansions are more modest 
relative to current capacity, adding 330,000 b /d to the current base of 1.7 million b/d. 
While this may not seem like a substantial addition, much of the new FCC/RCC 
capacity is planned for countries where cat cracking has not previously made a major 
penetration: Singapore, Korea, Indonesia, and Thailand. Hydrocracking will expand 

' by 230,000 b /d from its current base of 500,000 b/d; another 70,000 b /d is under study. 
Along with the cracking facilities planned, there are also firm plans for 135,000 b /d of 
new resid de-sulphurising and 435,000 b/d of additional cat reforming. 

The impact of this new upgrading on the regional refining system is greater than 
might be implied by looking at the relative increases in cracking capacity, simply 
because so much Asian cracking capacity is under-utilised. China and India both run 
their cat crackers at relatively low conversion rates to increase the output of cycle oils 
for middle distillate blending; China has also experienced problems in getting 
sufficient feedstock to some of its conversion units outside the Northeast provinces. 
Japanese utilisation of cracking has until recently been relatively low because of the 
production-quota system, and the refusal of MITI to allow product exports from Japan. 
Indonesia has had poor success at running its hydrocrackers at anything near capacity 
because of various minor problems. Many of these new units, on the other hand, will be 
located in more market-oriented settings, often in refineries geared to exports; the 

'<h,;. presence of international oil companies as partners in many of the new ventures will 
J.?; help ensure better utilisation. Thus, the new units may have a larger effect on the 
j ; market than would be suspected from past experience, and there is also a possibility 
,"•;. that the new tightness in the refining market will encourage fuller utilisation of 
,r existing facilities. Together, new units plus fuller utilisation of existing facilities can 

go a long way towards meeting the incremental demand barrel. 
,' The greatest increase in demand, however, continues to be in the middle distillates. 
^ Some additional upgrading beyond that firmly planned will certainly be needed, but it 

:•_•:' is not clear that cat cracking — the technology currently most under study — will help 
' much in achieving balance. Indeed, given the overall octane situation discussed in the 

jprevious section, if much additional cat cracking is built, some refiners may find them
selves running cat crackers to produce naphtha rather than gasoline. 

There has been some concern expressed recently that Asia may be overbuilding. The 
concern might be given more credence if most of the parties expressing concern were not 
engaged in capacity expansion themselves. Nonetheless, overbuilding is always a risk 
in the oil industry, where profitability tends to attract capital sufficient to smother 
the profits. How real is the risk? 

If every refinery project discussed in the region were actually to be built, there is no 
doubt that a major however, that every project talked about will be built; in the last 

.. two years, we have seen proposals for at least 500,000 b /d of new capacity proposed, 
discussed, studied at various levels of detail, and then abandoned. We believe that 

'••'" there will be a major expansion in capacity, but we also believe that some of the 
\ projects currently put forth as 'planned' will be shelved, and others will be built, but on 
a longer time horizon than initially foreseen; already several schedules have slipped 
for various reasons. 

Current capacity in the region is about 12.4 million b/d; most of the current excess is in 
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Japan, although Japanese demand growth may erode this surplus rapidly. Another 1.7 
million b /d is firmly planned in our estimation, and likely to be built by 1995, bringing ,' 
the regional total to 14.1 million b /d . By that date, we expect regional demand, ' 
excluding LPG, to total about 13.9 million b /d . If anything, this suggests a slight <. 
shortfall in capacity, depending of course on the level of product imports. Even if non-
LPG product imports are 1 million b/d , this would imply a capacity utilisation rate of 
91% . 

On the other hand, there are plans for an additional 1 million b / d of capacity that 
we believe are likely to be built someday, but unlikely to be completed before 1995. If 
these projects were all to be completed by 1995, this would raise the regional total to 
15.1 million b/d . If this is then compared against non-LPG demand and 1 million b /d of 
imports, capacity utilisation would drop to about 85% . 

Our expectation is for a relatively tight market. We consider it unlikely that 2.7 
million b /d of new capacity will be built between 1990 and 1995; we also believe that 
product availability from the Middle East is unlikely to expand in the near term, and . 
may contract significantly. In any case, if the existing product demand forecasts are 
correct, slight overbuilding would quickly be absorbed by demand growth in the second . 
half of the decade. 

What are the risks, then? The first possibility is that a new wave of export ; 

refineries will be constructed in the Middle East. Although various expansions are • 
under study, only modest expansions now seem likely between now and 1995; late in the • 
decade, it may be a different story. 

The second possibility might be entitled "The Oil Crisis: Part III'. As seen in the 
first section of this paper, Asia's booming demand will be fuelled mainly with imports 
from the Middle East; imports from the Middle East are likely to increase by 2 million \ 
b / d every five years in the coming decade. This is not, of course, unique to Asia; most « 
regions will be turning to the Persian Gulf for their marginal supplies in the 1990s. At 
some point in the 1990s — possibly as early as 1992 — the world will enter a situation 
where a disruption in the Middle East will matter again. In the 1980s, the top OPEC 
producer, or two or three smaller ones, could have gone out of business without causing • 
more than a slight firming of prices. The production overhang is vanishing rapidly, 
despite the large new investments Middle East countries are making in new capacity. 
By the mid-1990s the stage will be set where another price shock could occur. 

Note that the preconditions for a price shock does not mean that a shock will 
happen; OPEC countries suffered as much as anyone from the aftermath of 1979, and ' • 
many of the key players may now be more prudent. Saudi Arabia and Venezuela are ~ 
both examining plans to raise capacity well beyond the levels at which they would 
like to produce; this could leave them in control of a market that might otherwise 
explode. Nonetheless, there is no certainty that either country would be in a position to 
control the market in a crisis, and by the time conditions are ripe for a price shock, the 
current decision-makers may have been replaced by a new generation. The possibility 
of yet another replay of 1973 and 1979 at some point in the 1990s cannot be ignored. 

Estimating the effects of an oil disruption on the market in the 1990s is an unscientific 
business; after all, we only have data from two previous events. For purposes of gauging, 
the orders of magnitude, however, we have made a simple assumption — the next oil •. 
crisis will look like a replay of the previous one. That is, the consumption responses in 
Asia, in relative terms, will mimic those seen in the aftermath of 1979. China is 
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excluded from this analysis because internal Chinese prices did not respond in any 
logical fashion to the changes in the external market. 

Figure 2.11 shows our 1995-2000 forecast for Asian product demand (excluding LPG) in 
nations other than Japan and China. Figure 2.12, by contrast, shows the consumption 
trajectory that would be expected if a price shock similar to the 1979 shock occurred in 
1995. As the figure suggests, the overall effect would be relatively small with regards 
to total consumption, but does have an effect on the composition of demand. 

Figures 2.13 and 2.14 show the same type of analysis applied to Japan. In the case of 
Japan, the effects are considerably more visible; Japan is more affluent, has more 
alternatives available, and has been positively draconian in restraining demand 
during perceived crises in the past. In the Japanese case, kerosene will barely decline; 
diesel will decline by a few% of its forecast value; gasoline will drop by 200-300,000 
b/d; and fuel oil will nosedive. 

In more quantitative terms, another oil price shock in the mid-1990s would be likely 
to reduce demand in 2000 by over one million b/d. Asian demand in 2000 might thus be 
closer to 16.8 million b/d, or possibly lower if China responds rationally to the price 
shock. 

A reduction of 1 million b /d of demand does not seem like much in the present context; 
somehow most industry analysts recall the 1980s as being 'much worse'. 

.. Proportionately, however; that was level of reduction in demand growth actually seen 
in the Asian market. The effects of this reduction in demand are more dramatic than it 

, might at first seem; this is more easily seen in Figures 2.15 and 2.16. 
Figure 2.15 shows the effect of a price shock on the composition of demand. Japan's 

greater sensitivity is clearly demonstrated. In both cases, however, two trends are 
clear: fuel oil's share is drastically reduced, and diesel's share rises. Gasoline, 
naphtha and kerosene shares are not strongly affected. 

Figure 2.16 compares the business-as-usual forecast for 2000 with the likely results of 
a price shock. In absolute terms, middle distillates remain about the same; outside of 
Japan, gasoline and naphtha suffer only a slight decline; in both areas, but most notice
ably in Japan, fuel oil decreases sharply. 

In terms of refining strategy, this suggests that in the aftermath of an oil shock, 
, middle distillates maintain much of their growth momentum — largely because of 

government policies that continue to protect middle distillate consumption either as a 
'productive' use of energy, or, in the case of kerosene, for political reasons. Gasoline is 
less protected, but it is hit harder in countries where it is a 'consumer' good; in 
developing countries, where private auto ownership is not widespread, much of the 
growth is maintained by business and tourism use of cars. This latter fact suggests that 
following future oil-price shocks, declines in gasoline might also be seen in the 
wealthier developing countries, where private auto ownership is more widespread. 
Finally, fuel oil is the easiest target for government policy, and is likely to be the first 

.•;: point of attack in future years. 
'ji' In short, if an oil crisis occurs in the 1990s, the refiners who will cope best will be 
;V :hose who have the cracking flexibility to achieve considerable conversion; again it 
;yyvill be the hydroskimming facilities that suffer. Yet 1995 will not be 1979; refinery 
Rapacity surpluses were already looming before the Iranian revolution. Given the 

• iurrent capacity situation in Asia, unless building speeds greatly beyond current plans, 
;,' jven a major price increase would not result in the kind of widespread misery seen in 
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the early 1980s. The one factor that could change this is refining policies in the Middle ' 
East. If Asian nations continue to build to meet their own demand, and the Middle East . 
countries also launch a major refining expansion for completion in the late 1990s, and 
then a price shock occurs as well, the effective capacity overhang could be very large. 
Thus, in the 1990s, the nearly forgotten art of OPEC-watching will attain a renewed . 
importance for the region, not only in terms of crude supply and price, but also in terms 
of refining. 

Table 2.1 Implications of likely changes in Asian crude slate, 1990-20003 

Asian Other Total Demand Call on 
crude crude crude trade or 

upgrading 

% of slate 56.9 43.1 100.0 
Average Wt% sulphur 0.254 2.114 1.057 
Average API 32.5 29.1 31.0 
Volume, mb/d 6,265 4,755 11,020 12,130 (1,110) 
Straight-run yields 

LPG 21 36 57 820 (763) 
Naphtha gasoline 988 984 1,971 2,940 (969) 
Kerosene/jet fuel 696 632 1,329 1,470 (141) 
Diesel/gas oil 1,305 831 2,136 3,350 (1,214) 
Fuel oil/other 3,107 2,215 5,322 3,550 1,772 

% of slate 48.6 51.4 100.0 
Average Wt% sulphur 0.278 2.111 1.220 
Average API 32.0 31.4 31.7 
Volume, mb/d 6,707 7,093 13,800 14,900 (1.100) 
Straight-run yields 

LPG 21 50 71 988 (917) 
Naphtha gasoline 1,038 1,465 2,503 4,133 (1,629) 
Kerosene/jet fuel 732 913 1,645 1,759 (114) 
Diesel/gas oil 1,364 1,254 2,618 4,382 (1,764) 
Fuel oil/other 3,393 3,233 6,626 3,638 2,988 

% of slate 38.8 61.2 100.0 
Average Wt% sulphur 0.296 2.099 1.399 
Average API 32.0 31.6 31.7 
Volume, mb/d 6,140 9,675 15,815 17,813 (1,998) 
Straight-run yields 

LPG 20 55 75 1,097 (1,022) 
Naphtha gasoline 958 1,983 2,941 5,062 (2,121) 
Kerosene/jet fuel 672 1,258 1,930 2,112 (182) 
Diesel/gas oil 1,248 1,757 3,004 5,465 (2,460) 
Fuel oil/other 3,096 4,380 7,476 4,078 3,398 

Note: a Based on characteristics, yields and forecast production profiles for 50 
major crude streams. 
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Table 2. 2 Effects of elimination of Japanese crude-burning 

Current volume of crude directly burnt: 325,000 
b/d 

Estimated composition of crude burnt in 1989: 

Distillation yield Vol:% 

LPG 0.4% 
Naphtha 13.1% 
Kerosene 8.3% 
Gas oil 20.4% 
Fuel oil 55.3% 

Switching to low sulphur resid on a heat basis would require about 
300,000 b /d of additional low sulphur resid. 

Based on average yield patterns, this would: 

1 increase regional crude runs by 542,000 b/d; 

2 result in additional outputs of naphtha: 71,000 b/d, kerosene: 
45,000 b/d, diesel: 110,000 b/d; and 

3 require approximately 41% of projected 1995 regional exports of 
low-sulphur crude. 



32 OVERVIEW AND ISSUES 

Table 2.3 Asia (excluding China) and projected gasoline pool by grade 

1987 1987 1987 1995 1995 1995 
•ooo gPb/l %vol •ooo gPb/l %vol 
B/D B/D 

Unleaded 
95-97 88.6 6.3 428.0 21.8 
91-93 640.1 45.2 1206.3 61.4 
<85 0.6 0.0 23.9 1.2 

Sub-total 729.3 51.5 1658.1 84.4 
unleaded 
Avg ron 92.5 92.5 

Leaded 
97-98 284.9 0.32 20.1 61.3 0.24 3.1 
95-96 140.7 0.35 9.9 38.5 0.38 2.0 
91-93 4.8 0.84 0.3 0.5 0.84 0.0 
88-90 52.0 0.66 3.7 39.1 0.84 2.0 
85-87 144.4 0.64 10.2 127.0 0.55 6.5 
81-83 35.1 0.51 2.5 14.2 0.40 0.7 
79-80 23.6 0.46 1.7 25.9 0.46 1.3 

Sub-total 685.6 48.5 306.5 15.6 
leaded 
Avg ron 92.6 89.5 
Avg g/l 0.44 0.49 

Total 1414.9 100.0 1964.6 100.0 
Avg ron 92.5 92.0 

% Unleaded 51.5% 84.4% 
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Figure 2.1 Historical and projected Asia-Pacific crude production, 1977-2000 
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Figure 2.3 Asia-Pacific crude production vs. export availability, 1977-2000 
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Figure 2.4 Japanese direct burning of low-sulphur crudes, 1977-89 
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Figure 2.5 Japanese crude burning as a percentage of regional exports (assuming 
1989 burning levels constant) 
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Figure 2.6 Increase in Asian demand for light distillates, 1987-2000 
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Figure 2.7 Gasoline-naptha differentials in three markets 
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Figure 2.8 Estimated gasoline aromatics content compared to 25% standard 
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Figure 2.9 Current and incremental demand barrel, 1987-95 (excluding LPG) 
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Figure 2.10 Asian upgrading capacity — current, firmly planned for 1995, and 
possible 
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Figure 2.11 Forecast Asian petroleum product demand, 1995-2000 (excluding China 
and Japan) 
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Figure 2.12 Impacts of 1995 oil shock on Asian demand, 1995-2000 (excluding China 
and Japan) 
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Figure 2.13 Forecast Japanese petroleum product demand, 1995-2000 
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Figure 2.14 Impacts of 1995 oil shock on Japanese demand, 1995-2000 
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Figure 2.15 Estimated effect of 1995 price shock on composition of Asian demand in 
2000 (excluding China) 
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Rgure 2.16 Estimated effect of 1995 price shock on Asian demand in 2000 
(excluding China) 

8000 -r 

7000 

6000 --

5000 --

m 
b 
/ 
d 

4000 - -

3000 - -

2000 

1000 

11 Gsl/Nap 

• Jet/Kero 

0 Diesel 

B Fuel Oil/Oth 

Forecast PostShock Forecast PostShock 

Japan Other Asia 



3 Energy issues: a Japanese 
perspective* 
RYOZO HAYASHI 

^FUTURE CONDITIONS AFFECTING JAPAN'S ENERGY D E M A N D 

;.The desire for higher standards of living among the Japanese will continue to increase 
; rdemand for goods and services, resulting in greater energy consumption, primarily in the 
5" household service sector, but also in the industrial and transportation sectors. 

' Specifically, it is realistic to expect larger houses in the future, an increased demand 
,! for heating, air conditioning, and high performance goods and services. Without energy 

conservation measures, energy demand in the household service and transportation 
J {'sectors will increase enormously. 
-'-• But even with extensive conservation efforts, Japan's energy needs will increase to 

jome extent, notwithstanding the fact that household energy consumption in Japan is 
relatively smaller than in other countries with more or less the same income levels. 

Almost all industrial activities carried out in response to improvements in the 
standards of living, and the provision of products and services which meet their 
mhanced and diversified requirements, are accompanied by increased energy 
»nsumption. 

The leeway for making further progress in energy conservation has been reduced 
>ecause of the success of extensive efforts in the industrial sector to use energy more 
ifficiently after the oil crises. For this reason, energy demand in the industrial, 

, )usiness and transportation (particularly freight) sectors will significantly increase if 
,/ompanies do not intensify their conservation efforts. 

TJTURE CONDITIONS FROM A GLOBAL PERSPECTIVE 

.imitations on natural resources 

. here is concern that if measures to expand worldwide capacity to supply petroleum 
nd develop and introduce alternate energy sources and conservation in the oil-
ansuming nations are insufficient, world oil supply and demand will become tight by 
ie middle of the 1990s, which may destabilise supply and force a sharp increase in oil 

The opinions expressed in this paper are those of the author and do not necessarily reflect the 
views of MITI in any way. 
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prices. It should also be kept in mind that rising oil prices are likely to continue over 
the long term. ' 

World energy demand will continue to expand in the future, mainly in the' 
developing countries where rapid economic growth is taking place. On the other hand, 
the world's capacity to supply petroleum is likely to drop as a result of: 

• falling production in the OECD regions such as the North Sea and North America;'. 
and 

• reduced reserve supplies in many oil-producing countries. At the same time, this is 
expected to result in a gradual increase in dependency upon some Middle Eastern 
nations. 

It is necessary to closely monitor how changes in the energy area of the Soviet Union 
and Eastern Europe will affect international energy supply and demand. 

Worsening environmental problems i • 

Global environmental problems, particularly global warming, are closely related to 
energy policies. One extremely important challenge is to find a way to maintain human 
activity while at the same time preserve the environment. 

It is claimed that CO2 is responsible for about 50% of the greenhouse effect and thai 
about 80% of CO2 emissions come from the combustion of fossil fuels including coal, oil 
and natural gas. Since fossil fuels account for about 90% of world energy consumption, 
this problem affects all aspects of human life and economic activity worldwide. 

Technologies which can be applied directly to the problem, such as CO2 fixation, are 
still at the research and development stage. Consequently, the enforcement o\, 
restrictions on CO2 emissions would seriously affect humankind. 

Depending on the counter-measures taken by the developed countries to deal wit! 
the problem, worldwide human activities could possibly be curtailed by economic 
stagnation. 

Japan's energy supply and its growing international influence 

Japan's energy demand significantly affects world supply and demand for energy, am 
conversely, the world situation has an enormous impact on Japan. 

Japan plays an extremely important role in international energy affairs. Its energy-
consumption is the fourth highest in the world. In terms of net imports and exports it i' . 
the largest importer of energy in the world. It is also the world's fourth major produce . 
of C 0 2 from fossil fuels. 

Japan's extremely high reliance on outside energy supplies, at about 80%, makes i . 
quite vulnerable to energy crises. 
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RESPONSE TO CHANGING CONDITIONS 

The following responses are required to meet changing energy conditions: 

• To deal with an anticipated increase in demand, the most important issue for the 
future is to ensure stable energy supplies; in other words, energy security. 

• It is important to understand that Japan's energy security is inseparably linked to 
that of the whole world. 

• The strongest possible response to the problem of global warming needs to be 
incorporated into energy policies to maintain human activity and preserve the 
environment, along with stable economic development. 

• Japan has an international responsibility to actively contribute to world energy 
security and deal with global environmental problems. 

With this in mind, Japan should vigorously strengthen its energy policies based on 
the fundamental need to achieve energy supply with a minimum increase in energy 
demand, lower dependency on oil, and increased dependency on non-fossil energy 
sources, while at the same time actively promoting international cooperation in the 
energy field. 

Also, both the Japanese and other peoples should be educated to understand the 
••;.. factors that will influence energy in the future, and Japan's energy policy. At the same 
'*£• time, nationwide debate should be promoted on various issues in this field including 
•jf•, the nature of future human activity. 

£:, Intensified energy conservation efforts 

'•. : • Energy conservation efforts should be vigorously intensified by broadening energy 
efficiency measures to cover overall energy, from the supply stage to the final 
consumption stage, and even further to include social systems, and then by the 
implementation of efficient systems among all energy areas. 

• Energy conservation has a positive image, which should be enhanced further by 
stressing the value of our planet and promoting greater awareness of energy issues 
worldwide. 

General responses to energy conservation should include: 

• the introduction of extensive regional heating supply by drawing on unused energy 
found in cities and elsewhere (such as from river water, sewage and incinerators); 

• the use of systems to produce both heating and electricity, including fuel cells; 
.'".'• • the intensification of efforts to increase efficient energy use in buildings through 

the use of high performance heat pumps and the like; and 
1 • the recycling of natural resources by various means including effective utilisation of 

used and reclaimed paper. 
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Responses in individual fields should include: 

• the introduction of energy saving equipment and energy saving methods into 
manufacturing processes; 

• the increased use of thermal insulation in homes; 
• the development and widespread use of energy efficient domestic equipment such as 

inverter fluorescent lighting; 
• improvement of auto fuel efficiency to the maximum extent possible; and 
• improved power generation efficiency by developing and introducing combined cycle 

power generation and the like. 

H o w to achieve the means for appropriate energy supply 

While continuing to reduce our dependency on oil, energy supply should at the same 
time focus on increasing use of non-fossil energy (such as nuclear power, and new and 
renewable energy sources). 

New energy sources 

New energy sources should be introduced as widely as possible, for their potential 
availability is enormous and they are less harmful to the environment in that, for 
example, they do not produce C 0 2 emissions. However, their supply will be limited up . 
to the year 2010 (as with the sources listed below) because of drawbacks such as low -
energy density, unstable supply affected by natural conditions, and high costs. A 
variety of measures need to be undertaken, including technological development, to 
reduce costs. 

Hydro and geothermal energy 

This source should be introduced as widely as possible because supply is relatively 
stable and does not create C0 2 . However, it has some drawbacks, since it becomes vital 
to maintain harmony with the natural environment and secure suitable land for 
construction of facilities. Efforts are needed to expand the number of potential 
locations. 

Nuclear energy 

As a developed country with high technological capacity, it is important for Japan to 
develop nuclear power since it is highly economical, provides an extremely stable 
supply of energy and presents no CO2 emission problems But there are also constraining 
factors, such as the need to gain the consent of residents in the surrounding area of a 
nuclear plant, the recent increase in anti-nuclear power activities, and the long lead 
time until completion of a nuclear power generating plant. Increased efforts are needed 
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to ensure safety, promote locations, and carry out 'back end' measures and public 
relations activities. 

Natural gas 

It is appropriate to promote the use of natural gas because its supply is relatively 
'•. stable, and its CO2 emissions are lower than other fossil fuels. However, concerns about 

an increase in price and high costs of liquefaction will hamper rapid and substantial 
increases in its use. Increased efforts are needed to reduce costs, implement the necessary 
infrastructure, and develop natural gas supplies. 

Coal 

Although coal is extremely stable and price competitive, it produces more C 0 2 than 
any other energy source so it is difficult to encourage greater use over the medium and 
long term. The development and early implementation of combined cycle power 
generation technology, which will provide high thermal efficiency, needs to be 
promoted 

'4: Oil 
A < 
';',''• Continued efforts are required to reduce Japan's dependency on oil by ensuring its energy 
;f >' security and stabilising international oil supply and demand. It is expected, however, 

that Japan will continue to depend on oil to some extent because no substitutes exist in 
,! many application areas. Therefore, it is necessary to make greater efforts to secure 
, , stable supply. Strengthened relations and cooperation between Japan and the oil
's producing countries are important. 

Conversion area 

It is important to carry out technological development and make widespread use of 
. consumer appliances and so on to balance electric power load and offer diversified 

choices for various fees and the like. Expanded coordination among utilities and 
enhanced reliability is required. 

Active promotion of international cooperation in all energy areas 

"'" • A common awareness needs to be created that mutual benefits can be derived for 
both oil-producing and oil-consuming nations when the supply and demand for oil in 
the world is stable, and friendly relations and cooperation between the two groups 
of nations based upon a long-term perspective need to be enhanced. 
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• Japan should play a leading role in harmonising the energy policies of the : 

developed countries in order to deal with common worldwide problems, such as 
limited natural resources and protection of the environment. In this regard, Japan 
should propose and carry out an international action program, by participating in 
joint research and development projects, and by implementing international : 

personnel exchanges. 
• Japan should work with developing countries to create a common awareness on the 

necessity of energy policies, such as the promotion of energy conservation and 
utilisation of cleaner forms of energy. Towards these ends, Japan should work to 
promote cooperation in human resources development and technology transfer, and 
provide financing according to the particular political, social and natural 
environment characteristics of each country. Particular emphasis should be placed ' 
on the nations of Asia and the Pacific. 

LONG-TERM OUTLOOK FOR ENERGY SUPPLY A N D D E M A N D IN 
JAPAN 

To respond as effectively as possible to maintain energy security and deal with global; 
environmental problems, Japan must aim at achieving energy conservation of 11% by ' 
the year 2010, and shift towards the greatest utilisation of non-fossil energy. 

Outlook 

This long-term energy supply and demand outlook should indicate goals to be attained -
through maximum efforts on the part of both the government and private sector in the 
energy field, although these goals will certainly not be easy to achieve. The outlook is 
based on two premises: energy should not hamper stable economic development in the 
long term, and governmental restrictions should not be implemented to limit energy 
consumption. 

Concern over the problem of global warming has been increasing rapidly and dealing 
with this phenomenon has become one of the most important issues facing both Japan 
and other countries. When dealing with this problem, it is necessary to give adequate 
consideration to the outlook for supply and demand presented here in order to respond 
appropriately. 

In the event of abrupt domestic and external changes, it may become necessary tc 
reassess this outlook. For example, if heightened global concern calls for stabilising 
CO2 in the short term, the Japanese people might be compelled to make difficult 
choices regarding the country's economic growth rate and structure, resulting ir 
fundamentally different energy policies. Thus it is necessary to continue to pay close 
attention to trends in the energy field. 
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Energy conservation goals 

Energy consumption will tend to expand in the future because of the desire of the 
Japanese people for a better life and lesser room for further energy conservation after 
already strong past efforts, particularly in the manufacturing sector. Thus one goal 
which has been realised is to achieve energy conservation of 11% by strengthening 
efforts to improve efficient use of energy (84 million kl of crude oil, and a reduction of 
C 0 2 emissions by 62 million tons-c corresponding to about 20% of all CO2 emissions in 
1988) by strengthening efforts to improve efficient use of energy. This is an improvement 
averaging 2% annually in energy consumption per GNP, and by FY2010, it will amount 
to 36% reduction over the figures for FY1988. This is equal to the 36% achieved between 
FY1973 and FY1988. 

Introduction of non-fossil energy sources 

Sources of supply will change as a result of increased reliance on non-fossil energy 
sources, from 15% in FY1988 to 27% in FY2010, equivalent to 78 million kl of crude oil. 

, rhis reduction will lower COj emissions by 52 million tons-c, which equals about 20% of 
ictual C 0 2 emissions in 1988. Also, this will reduce Japan's reliance on foreign sources 
py about 10%. 

, As a result of implementing the optimum response to the C 0 2 emission problem 
Jirough these energy policies, C 0 2 emissions from energy use will at first increase 16% 
>y the year 2000, but will stabilise thereafter. (Although there will be a slight 
ncrease during the first half of the 2000 decade, the second half will be marked by a 

, lownward trend.) The reasons for the 16% increase are population growth, which will 
imount to 7% by FY2000 and an additional 4% by the year 2010, and the lead time 
equired to carry out these energy policies, extending to the year 2000. 

By FY2000, the per capita level of C 0 2 emissions in Japan will increase by 8% from 
• he 1988 level of 2.4 tons-c, reaching 2.6 tons-c (annually averaging 0.7%: between 1983 

nd 1988 it averaged 1.4% annually). However, it will then begin to fall, dropping to 
..5 tons by FY2010 (down 2% compared with 2000), which is less than the current per 
apita level of C 0 2 emissions of major developed countries, with the exception of 
•ranee. 

Per capita and per GNP C 0 2 emission levels differ in each country, depending not 
nly on population and the level of economic activity, but also on past achievements in 
nergy conservation, and the extent to which non-fossil energy sources, such as nuclear 
ower, have been introduced. 

In addition, it is hoped that, beginning in FY2000, the total volume of emissions will 
,v ill further with the introduction of practical C 0 2 fixation and effective C 0 2 

'{§, tilisation technologies. 
'!' Because CFCs, which contribute to the greenhouse effect, are expected to be phased 
V,i ut by FY2000, it is expected that gases which contribute to the greenhouse effect, 
X';', ?mbined in terms of CO2, will stabilise below their present levels by FY2000. 
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Table 3.1 Increased energy consumption per industrial production and GDP in major 
industries, 1973 to 1986 (per cent) 

Steel Pulp and Chemicals Industry GDP 
paper 

Japan 
United 
States 

United 
Kingdom 

68.3(100) 

71.5(90) 

70.9 (92) 

44.5(100) 

70.5 (53) 

63.2(100) 

82.1 (49) 

67.6 (88) 

54.4(100) 

60.4 (87) 

55.8 (97) 

69.6(100) 

74.5 (84) 

77.1 (75) 

France 
West 

Germany 

75.9 (76) 

83.0 (54) 

67.2 (59) 

83.1 (30) 

88.3 (38) 

95.0(14) 

72.0 (61) 

73.7 (58) 

84.0 (53) 

80.6 (64) 

Italy 96.4(11) 72.0(50) 72.0 (76) 65.5 (76) 78.5 (71) 

Note: American pulp and paper figures could not be calculated due to lack of data. 

Source: UN Industrial Statistics Yearbook, 1986; OECD Energy Balances (1986). 

Table 3.2 IEA world energy demand outlook (per cent) 

1987-1995 1995-2005 1987-2005 

Developed 
countries 

(51)1.4 1.3 (41) 1.3 

Developing 
countries 

(17) 4.5 4.1 (24) 4.3 

Centrally planned 
economies 

(32) 2.7 3.2 (35) 3.0 

World (100) 2.4 2.4 (100) 2.4 

Note: Figures in parentheses represent percentage of world energy demand. 

Source: IEA Secretariat Scenario (June 1989). 
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Table 3.3 IEA world oil supply outlook (per cent) 

1988 1995 2005 

Middle East 24 29 33 

Outside the Middle East 76 71 66 

OECD 
Centrally planned economies 
Non-Middle Eastern 
developing countries 

Others 

26 
24 
24 

2 

21 
22 
26 

2 

15 
21 
29 

2 

World 100 100 100 

Notes: Dependency upon the Middle East for oil during the first oil crisis (in 1973) and the 
second (in 1979) amounted to 35% and 34% respectively. 

Source: IEA Secretariat Scenario (June 1989). 

Table 3.4 Japan's energy supply and demand in comparison to other countries, 1987 
(per cent) 

Consumption 

Ranking 

Imports C0 2 

emissions 
Primary 
energy 

Oil Primary 
energy 

Oil 

£>; First US(24.0) US(26.0) US(15.9) US(19.3) US(22.4) 

^: Second USSR(17.3) USSR(14.5) Japan(14.1) Japan(13.0) USSR(17.0) 

"r] Third China (9.0) Japan (7.3) FRG(7.1) Italy (5.6) China (10.0) 

< Fourth Japan (5.0) • FRG (3.6) Italy (6.3) FRG (5.3) Japan (4.3) 

•V Fifth FRG (3.3) Italy (3.0) France (5.6) France (5.1) FRG (3.65) 

Note: CO2 emission figures are from 1985. 
Sources: BP statistics for energy consumption figures; UN energy statistics for energy imports 

and CO2 emissions. 
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Table 3.5 Energy supply among major advanced nations, 1987 

Item Japan United West France United 
States Germany Kingdom 

Dependency on 81.0 14.2 52.4 54.9 15.3a 

foreign sources 

Dependency on oil 55.9 41.1 ' 42.2 42.6 36.2 

Dependency on oil 99.6 38.0 95.2 95.7 67.5a 

imports 
Dependency on 53.2 20.9 10.8 20.8 15.7 
Hormuz imported 
crude oil3 

Note: a Denotes actual 1988 figures. 

Sources: OECD Energy Balances (1987); TEA Quarterly Oil Statistics (1987,1988). 

Table 3.6 Comparison of CO2 emissions, FY1987 (T - C/per capita -
annually; T-C/$1,000) 

Japan United United France West Nether- OECD 
States Kingdom Germany lands average 

Per capita volume 2.39a 5.13 2.73 1.84 3.11 3.03 3.05 
of CO2 emissions (2.54)b 

Volume of CO2 0.176c 0.296 0.321 0.188 0.293 0.342 0.268 
emissions on a per 
GDP basis 

Notes: a 1988 figures. 
b The volume of CO2 emissions for FY2010 based on forecasts. 
c Japan's C 0 2 emission rate per GNP for FY1988 is 87.8 T-C/100 million yen, and it 

rate for FY2010 is expected to be 47.9T-C/100 million yen, with an expected annua 
improvement of 2.7%. 

The population figures for the United States and European nations are based upo: 
United Nations and OECD statistics. 
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Table 3.7 Energy consumption per capita and per GDP in major nations, 
FY1987 

Japan United United France West Nether- OECD 
States Kingdom Germany lands average 

Energy on a per 3.04 7.65 3.67 3.71 4.44 2.18 4.74 
capita basis (tons of 
oil in one year/per 
person) 

Energy per GDP (tons 0.262 0.441 0.431 0.379 0.419 0.246 0.417 
of oil/$1,000 

Source: OECD Energy Balances. 

Table 3.8 Primary energy supply in major nations, FY1987 

Japan United 
States 

United 
Kingdom 

France West 
Germany 

Nether
lands 

Total supply of primary 
energy (converted to 1 
million tons of crude oil) 

371.7 1865.7 208.7 206.5 271.7 65.9 

Oil 55.9 41.1 36.2 42.6 42.2 35.8 

Coal 18.0 27.4 32.9 9.7 28.2 10.5 

% Natural gas 9.9 22.4 23.8 12.4 17.1 52.0 

Nuclear 11.3 5.8 5.9 28.7 10.7 1.2 

Thermal, hydro, new 4.9 3.3 1.2 6.7 1.8 0.5 
energy etc. 

Source: OECD Energy Balances. 

:M,s. • • '/,. mm^- :^-rl38:#'ifc.-« 
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Table 3.9 Energy demand outlook (final energy consumption) (100 million kl crude oil equivalent) 

FY' 988 FY 2000 Average 
annual 

growth rate 

FY 2010 Average 
annual 

growth rate 
Item 

FY' 

Percent 
-aae 

FY 

Percent
age 

Average 
annual 

growth rate 

FY 

Percent
age 

Industry 1.73 53.2 1.94 49.2 1.0 2.06 46.5 0.6 

Manufacturing industry 1.47 45.1 1.64 41.5 0.9 1.73 39.1 0.6 

Household-service sector 0.80 24.6 1.10 27.8 2.7 1.34 30.2 2.0 

Transportation sector 0.72 22.3 0.91 23.0 1.9 1.03 23.3 1.3 

Total 3.25 100 3.95 100 1.6 4.44 100 1.2 

Notes: The industry sector includes primary and secondary industries excluding energy industries such as coal mining, petroleum minir 
natural gas mining, petroleum refineries, coke producers, etc. (It excludes the management sector and self-transportation.) 
The household-service sector includes the management sector, teriary industries, (excluding power utilities, town gas utiliti< 
commercial transportation) and the household sector. (It excludes self-transportation.) 
The transportation sector includes commercial transportation and self-transportation in the industry and household-service sector. 
Non-energy uses, such as raw material for petrochemistry, are included in the manufacturing industry. 
Conversion to oil equivalent is based on a thermal value of 9,250 kcal/litre. 
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Item FY1988 (actual) FY 2000 FY 2010 1. This long-term energy supply and 
Primary energy 482 million kl 597 million kl 666 million kl demand outlook is to show goals which 
supp[ly should be attained through maximum 
Energy 6.0% 11.2% efforts on the part of both the govern
conservation ment and private sectors in the energy 
Energy source Quantity (%) Quantity (%) Quantity (%) field, although they will certainly not be 
New energy 6.2 million kl 1.3 17.4 million kl 2.9 34.6 million kl 5.2 easy to achieve. The outlook is based 
sources etc. 8 on two premises: energy should not 
Hydro (conven 6 billion kwh 4.6 91 billion kwh 3.7 105 billion kwh 3.7 hamper stable economic development 
tional) (20.3 GW) 150 (22.7 GW) 20.1 (26.2 GW) 26.5 in the long-term, and government 
Geothermal 0.4 million kl 0.1 1.8 million kl 0.3 6.0 million kl 0.9 restrictions should not be implemented 
Nuclear 179 billion kwh 9.0 330 billion kwh 13.2 474 billion kwh 16.7 to limit energy consumption. 

(28.9 GW) (50.5 GW) (72.5 GW) 2. In the event of abrupt domestic and 
Natural gas 46.1 million t 9.6 65.0 million kl 10.9 80.0 million kl 12.0 external changes, it may become 
Coal 114.6 million t 18.1 142.0 million t 17.4 142.0 million t 15.5 necessary to reassess this outlook. 
Oil 276 million kl 57.3 308 million kl 51.6 306 million kl 46.0 For example, if heightened global 
(LPG) (17.4 million t) (22.0 million t) (23.0 million t) concern calls for stabilising COz in the 

short-term, the Japanese might be 
Total supply 482 million kl 100.0 597 million kl 100.0 666 million kl 100.0 compelled to make difficult choices 

regarding the country's economic 
growth rate and structure, resulting in 
fundamentally different energy policies. 
Thus it is necessary to continue to pay 
close attention to trends in the energy 
field. 

Notes: Conversion to oil equivalent is based on a thermal value of 9,250 kcal/litre. 
'New Energy Sources etc' includes solar energy, alcohol fuels, factory pulp waste, firewood and others. 
Conversion of LNG quantity to voume is based on a value of 0.712 ton/kl. 
'Oil' includes oil shale. 
Future socio-economic conditions are uncertain, while energy policy requires a realistic and flexible response. The target figures in the estimates shou 
thus be understood to be flexible rather than fixed. 
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Figure 3.1 Future daily priorities 
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Figure 3.2 Steady increase in size of houses 
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Figure 3.3 International comparison of energy consumption per household in the 
household sector, 1986 
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Figure 3.4 The greenhouse effect and CO2 emissions 
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4 The outlook for minerals in the 
Pacific Basin region 
IAN GOULD 

ABSTRACT 

The challenge facing governments and the minerals industry in the Pacific 
Basin in the future revolves around the supply of energy and infrastructure 
to the fast growing economies of Asia. The central issue is frequently 
obscured by other concerns, which are important but often exaggerated. 
Growth targets must be met if the legitimate demands for improved living 
standards in many countries in the region are to be met. 

The requirements of a greatly expanded energy generation system and 
infrastructure base must be supported by access to a secure supply of high 
quality energy and mineral resources. 

Currently, there is an adequate supply of minerals to satisfy this 
demand. However, partly because of a reduction in exploration commencing 
in the early 1980s, this may change as we progress further into the 1990s. 
Discovery and development of new mineral resources is a vital component of 
sustainable development, together with conservation and recycling. Access 
to minerals will also require open and efficient trading mechanisms in the 
region. 

Governments have a vital role in ensuring a secure and stable supply of 
minerals is available throughout the Pacific Basin, through balanced 
environmental attitudes, encouragement of exploration, unbiased 
assessment of nuclear power and reductions of barriers to trade. The 
Minerals and Energy Forum can exercise an important role in advising 
governments on the development of effective policies in these areas so that 
the full complementary potential of the region is realised. 

I particularly welcome the opportunity to speak at the Minerals and Energy Forum at-
this time. Gatherings such as this can develop into 'talk fests' or exercises in political 
fence sitting or side stepping; or they can be places where major international issues car 
be tackled in a hard nosed objective manner. The topic with which we will be dealing 
— minerals and energy — with its often uncomfortable environmental connotations tend 
to be pushed towards the former approach. But the issues with which we will deal an. 
so important, and our responsibilities to get them right so serious, that we must confron, 
them head on. This forum gives us the opportunity to make a real contribution to wha 
has often become a bitter debate. 

62 



THE OUTLOOK FOR MINERALS IN THE PACIFIC BASIN REGION 63 
Earlier this year Dr Dixy Lee Ray, the former Chairperson of the American Atomic 

Energy Commission, made the observation that: 

Our society is based on knowledge and facts. It is not based on wishful 
thinking even though some well-meaning people wish that it were. It is 
not based on emotion even though some become emotional about important 
issues of our time. It is not based on compassion nor concern nor sympathy, 
laudable as these noble sentiments may be. Nor is our society based on 
hysteria and protest. It is based on facts, verifiable, determinable, 
repeatable facts, developed through the intuitiveness of science and the 
pragmatism of technology. It is not a perfect society; it is only the best 
that the world has ever known. 

This observation, although not universally applicable, is central to my paper. In 
recent years there has been a great deal of nonsense spoken about future demand for 
minerals and energy and how (and even if) this should be satisfied. I want to make 
three points today: 

1 that demand for energy in Pacific Basin countries will increase at a very high rate 
— higher than in the rest of the world; 

2 that this increased demand for energy — and the reasons for it — will create a 
massive demand for energy resources and for infrastructure, which will in turn 
require increased demand for other minerals; and 

3 that governments, both in the receiving and supplying countries must develop 
policies which cater for these changes. 

The fact is, that notwithstanding the problems we may face in the environmental 
area, demand for resources is increasing and will continue to increase if the legitimate 
aspirations for improved standards of living of the people of the Pacific are to be met. 
To assist in satisfying this demand at reasonable prices, reliable supply to the region 
by competitive producers of quality minerals must be encouraged. This will have to 
include re-examination of the role of nuclear power in the region and the continued 
acceptance of the role of coal. At least between now and the year 2000, there is no 
feasible alternative for base load generation in the Pacific Basin at the scale required, 
other than coal and nuclear. 

The outlook for suppliers of minerals and energy to the expanding economies of the 
Pacific Basin region is therefore essentially positive, particularly for exporters of high 
quality steam coal, but also for other minerals My remarks concentrate mainly on those 
minerals necessary to produce electrical energy and support development of 
infrastructure. It is in this area that we expect to see most change in demand over the 
next decade. 

ECONOMIC OUTLOOK 

Mark Twain is reputed to have once said that 'making forecasts is difficult, especially 
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with respect to the future'. Even without the recent rapid international changes, 
making predictions about the future of world economic growth and the minerals 
industry becomes very hazardous. 

However, while there is still a lot of uncertainty, most economists would seem to '. 
agree that, provided we return to stable Middle East conditions and thus oil prices of 
around $US18-25 per barrel, the outlook for the next decade is encouraging, with 
prospects of modest growth. In addition, changes to the Common Market in Europe, the 
change in economic systems in Eastern Europe, the United States-Canada and perhaps • 
Mexico trade agreements, the opening up of Japan and, perhaps even a reasonable 
conclusion to the Multilateral Trade Negotiations, will reduce barriers to trade and 
investment and generally increase opportunities. 

OECD outlook 

The consensus seems to be that for OECD countries, 3% growth is near full capacity or 
potential (Figure 4.1), but this growth could be sustained over the medium term because 
of continued upswing in investment and the increases in trade and industry restructuring 
fostered by Europe 1992. The Wharton Econometric Forecasting Association has a 
similar view, with forecast OECD growth of 3% for the period 1991-95 and then 2.8% 
for the remainder of the decade. Perhaps the growing evidence of economic slowdown 
in the United States should prompt some caution with the nearer term projections. 

The rest of Asia 

Asian growth is soundly based on a mutually re-inforcing matrix of rising populations 
and per capita incomes, favourable demographics and expanding and liberalising inter
regional trade and investment. That situation is likely to continue. The four 'tiger' 
economies of Asia are rapidly increasing in importance. Forecasts of economic growth in 
1990 and beyond for Korea, Taiwan, Singapore and Hong Kong have all been raised; 
recently and the expectation is for a mild slow down in 1991 with an optimistic outlook' 
beyond that (Figure 4.2). Indonesia, Malaysia and Thailand are also poised for strong' 
growth. 

These industrialising economies of Asia will require additional raw materials to 
support growing industries and populations and higher per capita incomes. The figure 
shows the engine of growth in Asia is moving from North to South Asia with the 
expected respective growth rates being 5% and 7% by 1994. This region — the fastest 
growing region of all — is also crucial for our considerations here. 

Eastern Europe and China 

The longer term outlook also depends on the performance of the former Eastern bloc. 
countries in reorganising their economies and their re-integration into the world 
economy. Will commodity demand surge or will powerful new suppliers emerge as 
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\; hitherto unknown or under-exploited deposits are developed? The impact of the 
:''••' greater involvement of China in the world economy, despite much discussion, is still not 
< well understood. 

''-*. However, the requirements of all these countries, including the Soviet Union, China 
V and the Eastern Bloc, for infrastructure and secondary industry, are immense (Figure 
f 4.3). 

~\ Using Denmark as a measuring stick, you can see the relatively small size of the 
: Eastern European economies and the gaps which must be closed if they are to approach 
; the standards of living of the West. If they can succeed in meeting these requirements 
. and establish a foundation for economic growth, then the repercussions for world 

growth and energy and metal demand are dramatic. It must be remembered that 
although these countries do have resources they are often found large distances from 
the sea and transportation facilities are very poor. 

Outlook summary 

. In all, with my earlier caveats, world growth projections of 3.4% for the period 1991-96 
. and 2.6% for the remainder of the decade seem a not unreasonable base for a future 

minerals outlook. At current metals and energy intensities, this growth would result in 
some increase in demand for most minerals. However, except for energy minerals, this 

; • growth would be unspectacular. 
Let us track through the basis for this projection in a little more detail. 

ENERGY D E M A N D 

The consumption of primary energy is a function of economic growth, as Figure 4.4 shows 
for Australia. 

The economic growth described above would suggest the Pacific region can therefore 
expect significant increases in energy use. China, Japan, and the countries of Asia 
together currently account for 20% of the world's primary energy consumption and this 
share is increasing. Only Japan has a standard of living equal to the wealthier OECD 
economies and in most of the other Asian countries the rapid economic growth comes 
from a low base. 

Individual consumption of electricity varies markedly even within the region, 
reflecting the degree and structure of industrialisation within different countries. In 
1989,100% of the population of Singapore, Korea and Taiwan had access to electricity 
while in Indonesia this figure was only 29% (Figure 4.5). Thailand, Malaysia and the 
Philippines fell between these extremes. Therefore, the potential for increased 
demand in these latter countries is very high. 

Given the disparity in population between different countries in the area, it is 
abvious that a small per capita increase by the more populous countries could have a 
marked effect on overall demand. To this must be added demand derived from the 
region's high population growth itself. We in the developed countries have no moral 
right to prevent these people increasing their standards of living. 
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Once past the initial stages of economic development there is typically a rapid 

expansion of demand for electricity as it replaces less flexible forms of energy. For 
example, growth rates in electricity demand loads are 11% per annum in Thailand and 
16% per annum in Indonesia. In Japan, even with its current high usage, electricity is 
expected to increase at a rate of 2.8% per annum by the end of the century. For the 
developing nations of the Asia-Pacific region the overall figure is expected to be 7.7%. 
This figure means an effective doubling of demand over the next decade with 
developing Asian nations requiring additional generating capacity of around 77,000 
MW. 

Energy minerals demand 

While between now and the end of the century the gross output of electricity in the 
Pacific Basin region is expected to double, not all sources of electrical energy will grow •', 
at the same rate. In 1987 coal accounted for 39% of electricity generated, fuel oil 18%, 
hydro 17%, nuclear power 15% and gas 11% (Figure 4.6). 

The figure shows that by the end of the century the mix is expected to have changed 
to 50% coal; 17% hydro; 15% nuclear, 10% gas and 8% fuel oil. 

In terms of demand for energy minerals — coal and uranium — this supports our 
estimates of an increased demand for steaming coal of about 52% over the first five 
years of this decade, more than half of which is derived from the Asian region (Figure 
4.7). 

One of the issues which this forum will need to address is how such aspirations can 
be met in terms of raw materials supply whilst minimising environmental consequences. 

Implications for non-energy minerals 

I would like to turn now to the implications for other minerals of this increase in energy , 
demand. Achieving increases in electricity supply of the magnitude I have discussed 
will require massive investment in power generation and distribution facilities and in 
the infrastructure required to produce raw materials indigenously or to handle their 
importation. 

Work done by the Asian Development Bank1 suggests that in the developing 
countries of Asia, investments of $US174 billion in generation, transmission and 
distribution equipment are required. Capital expenditure on generation equipment 
alone amounts to nearly $US98 billion. In the transmission sector, more than 65 000 
kilometres of transmission circuit, with an estimated capital cost of $35 billion, is 
required. 

More than $US500 billion of total infrastructure projects, including power, ports and 
transportation are already in the pipeline for the Asian region. 

Krishnaswamy (1990), 'Profile of Growth and Electrification' in ASEAN 2nd Selected 
Specialist Group Meeting on Cooperation and Electrification, New Zealand, 20-21 August. 
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Such huge capital expenditure is likely to significantly stimulate demand for the 

industrial raw materials required: steel (hence iron ore and coking coal), copper, zinc 
and aluminium, although this will be offset to some degree by slowing consumption in 
other parts of the world. 

Overall, for base metals, consumption is expected to grow at rates of between 1% and 
3%. Real prices are projected to ease in the medium term, although they will remain 
high by the depressed standards of the early 1980s. In aluminium, we should expect 
expansion of between 1.3% — 2.3% per annum and in iron ore and coking coal 1% —1.6% 
per annum with modest price increases. 

SUPPLY 

,, Supply of minerals and metals to this area will be met either from increased 
.-.'. exploration and development in consuming countries or increased trade with those 

countries holding the resources. The outlook for these resources is outlined below. 

Coal 

Unlike oil or gas, the world's coal reserves are relatively evenly distributed around 
the globe (Figure 4.8). The Pacific Basin region has ample reserves in the United 
States, China, Australia and Indonesia. New developments in Australia, Indonesia 
and Colombia should provide adequate supplies for the decade, although we can 
expect to see some tightening of prices in the first half. 

However, coal is an extremely variable product in terms of its heat value and 
impurities. For example, China burns over 900 million tonnes of its own relatively low 
quality coal each year, with the result that 'the air quality in nine Chinese cities out 
of ten is below the nation's minimum standard, which is itself the lowest approved by 
the World Health Organisation' (The Economist, 6 October 1990, p.26). The average 
sulphur content of Chinese coal is 5% and the average ash content 27%. Compare this 
with the Blair Athol mine in Queensland, for example, which produces coal with a 
total sulphur content of 0.3% and ash content of 8% or the Kaltim Prima mine now being 
brought into production in East Kalimantan with 0.5% sulphur and 4% ash. 

Internationally, much of the debate on sulphur emissions takes as a premise coal 
with a sulphur content of 3% to 5%. Perhaps we in the MEF need to look at how the 
availability of traded high quality coals can be encouraged without adversely 
affecting the security and balance of payments of user countries, including those which 
:urrently exploit their own low quality coals. 

Nuclear 

Reserves are not a problem with nuclear energy. Political and perceived (rather than 
rue environmental) uncertainties about its longer term role are! As uranium stockpiles 
educe throughout the decade we should expect that there will be scope for new 
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suppliers to enter the market. In part, this will be a reflection of demand, but as 
importantly, it will reflect the desire of utilities to diversify their supply sources. You 
will all be familiar with the review presently under way in Australia of the bizarre 
policy which restricts production to two operating mines. While this constitutes a 
generous commercial gift to those producers and gives comfort to other supplier nations, 
it denies Australia a major export market and heightens customer dependence. As " 
nuclear power generation increases in the region to keep pace with power demand and 
as its comparative environmental benefits are increasingly realised, I expect there will 
be growing pressure for a change to the Australian policy. 

Non-energy minerals 

Currently there is an adequate supply of minerals to satisfy existing demand in the, 
Pacific Rim countries. However, I am concerned that this may not be the case as we 
approach the mid-1990s. This is fundamentally attributable to the decrease in mineral -
exploration which had its origins in the early 1980s and from which there has not been 
an adequate recovery. Expenditure on exploration for gold bounced back in 1986, but 
other minerals, particularly base metals have been severely squeezed. This gap in 
exploration could lead to future mineral shortages, volatile pricing and over-
dependence on a few sources of supply. 

This need is recognised in Japan where the Ministry of International Trade and 
Industry predicts that the demand for copper and zinc in Asia (excluding Japan) will be 
51% and 39% higher in the year 2000 than in 1988. As a result, Japan's exploration 
budget reached $67m for the 1990 financial year. Asian steel consumption (excluding 
Japan) already exceeds that of the United States or the EEC and is expected to increase 
by around 40% by the end of the decade. 

There is, therefore, the need to remove impediments to exploration and trade so that, 
new competitive indigenous and tradeable resources can be found and utilised, but care 
must be exercised to avoid the 'social metal' approach, which subsidises exploitation 
of sub-economic deposits. 

'CREATING' NEW RESOURCES 

Let me look briefly at a proposition, which has again begun to attract followers: the 
need for consumption to be restrained to avoid imminent exhaustion of the earth'; 
resources — the Club of Rome revisited. You will readily understand why sue! 
comments generally come from people in developed countries, like Australia. While, 
conservation and efficient use of resources makes good sense on both economic anc 
environmental grounds, Figure 4.9 shows that these 'cures' are based on a fundamenta 
misconception. 

Technology can 'create' new resources. Until the development of technology for mass,, 
producing aluminium in 1888, bauxite was not an economic resource, although it is one ov. 
the most commonly occurring ores on earth. Thanks to advances in technology 
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aluminium is now cheap enough to have a myriad of applications. Bauxite is now 
fundamentally vital to industrialised societies. 

Finding ways to extract and refine low grade and otherwise unusable minerals is 
another way in which technology can create resources and contribute to sustainable 
development. Aluminium can and has been obtained from nepheline or even clay. 

Mining companies also devote much effort — their form of R&D — to finding new 
mineral deposits. Ore bodies are discovered only when people go looking for them and 

.•'.' major, 'obvious' discoveries are still being made. Prior to the development of the 
'< >; Pilbara deposits in the 1960s, Australia was thought to have only limited reserves of 
'••$> iron ore. As a consequence there was a ban on exports. It is now one of the world's top 
]iu iron ore producers and exporters. Last year CRA's Hamersley Iron mines alone sold 
'{'{ nearly 50 million tonnes of iron ore. 
;'' •'. Exploration is crucial to increasing our resource base, and policies which restrict 

environmentally sensitive exploration are inconsistent with sustainable development 
".'. — a point recognised by the Brundtland report. The earth's diameter is approximately 
,/', 13,000 kms. The crust of the earth which contains the known reserves is lOOkms thick. 
.''' A few mines have penetrated to 3 kms and some oil wells to 7 kms. We have, therefore, 

progressed little in exploring the earth's crust on land and 75% of the earth is below 
oceans or ice. Therefore, I do not believe that we are anywhere near to finding, let 
alone exhausting the earth's mineral resources. 

Recycling of metals is another important contribution to sustainability. Around 40% 
of copper consumed by industry comes from recycling. Through its very successful 
recycling of aluminium cans Comalco has made a significant contribution to economising 
on the use of energy in aluminium production, and Australia now leads the world in its 
voluntary can recycling rate. 

Resources are also effectively created by the operation of the market. As scarcity 
forces prices up, substitutes are found, more efficient use is made of existing resources, 
greater recycling takes place and previously uneconomic sources of that commodity 

/ become part of our resource inventory. 

ISSUES FOR MEF 

, Vly remarks to date have indicated that there will be growing demand in the region for 
ninerals, particularly energy minerals over the next decade. I have pointed to a few of 
he issues that will need to be addressed if these demands are to be met without 

,. ;xcessive price increases and volatility which do neither suppliers nor consumers any 
;ood. Let me summarise these before proceeding: 

• reconciliation of perceived environmental problems of coal, and political problems 
in the nuclear industry, with the legitimate aspirations for growth in developing 
countries; 
meeting increased demand with poor quality domestic resources and the lack of 
foreign exchange in some countries to import high quality material; 
encouraging increased exploration and mineral production to meet the higher 
demands without 'overshooting' and price volatility; and 
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• meeting the capital and know-how requirements of the expected energy upsurge and '. 

other infrastructure projects. 

Let me take advantage of having the floor to quickly suggest a few ways in which we 
might address some of these issues over the period of this meeting. 

First, we need to encourage exploration for minerals throughout the region, and, 
particularly to find resources which might have desirable environmental 
characteristics. This will need a review of many of the regimes applicable to 
exploration throughout the region. It will also need a re-assessment in many countries 
of attitudes to foreign investment, with a better recognition that benefits must flow 
both to the host country and the explorers. 

Second, we need to calmly and dispassionately assess the role nuclear power can play 
in meeting the needs of the region, and to look at whether current restrictive raw 
materials, conversion, enrichment and generation policies best meet the needs of the 
region. 

Thirdly, we need to reduce barriers to trade in minerals so that the most effective 
(and here I would include environmental as well as economic factors) products are used 
and the opportunities for complementarity in the region are utilised. 

Fourth, we need to ensure that the new power developments which are proposed 
incorporate the world's best available technology and optimum use of raw materials so 
that we are not building new economic and environmental problems for the future. 

Fifth, we need governments to work through in advance and with industry help the 
environmental issues which must be addressed to enable these energy demands to be met 
in practice. If we cannot do this there will be inevitable delays and confrontation. But, 
above all, national governments need to be realistic in accepting that there will be 
strong growth in the region in demand for minerals and energy products over the coming 
years and base their policies on that fact. They cannot pretend otherwise, irrespective 
of how strident are the domestic green or anti-development political pressures to the, 
contrary. There must be reality in our solutions. Sweden has recently reached this 
conclusion by delaying the first phase out of its nuclear reactors. Our minerals and. 
energy policies must be directed at supporting growth in an environmentally responsible 
manner, the sustainable development concept of the Brundtland report. Failure to do so 
will weaken strong economies, ensure weaker economies have a tougher time in lifting , 
their people from poverty, and increase regional tensions. 

We in the MEF have a vital role in ensuring our respective governments are facinj 
the real issues and in helping them find practical solutions. 
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V.j Figure 4.1 World economic growth, 1986-2000 
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Figure 4.3 East Europe stimulus 
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Figure 4.5 Per capita consumption of electricity (kWh) 
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> "igure 4.6 Asia-Pacific projected electricity generation (GWh) 
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Figure 4.7 World demand for seaborne-traded steaming coal (million metric tonnes) 

Figure 4.8 World coal reserves, end 1988 

WORLD COAL RESERVES END 1988 

CANADA 

LATIN AMERICA m 

AFRICA 

AUSTRALIA 

E. EUROPE 

W. EUROPE 

US.S.R. 

THOUSAND MILLION TONNES 



THE OUTLOOK FOR MINERALS IN THE PACIFIC BASIN REGION 75 

Figure 4.9 Economic adjustments in supply of 'non-renewable' resources 
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5 Environment and health regulations 
and their potential to act as non-
tariff barriers to trade 
GARY NASH 

Regulations on health and the environment are making a substantial addition to the 
overall regulatory framework governing the behaviour of both institutions and 
individuals in society. It is well known that regulations, including product standards, 
procurement practices, and licensing, among others, can act as non-tariff barriers tc 
trade. However, unlike many regulator areas, environmental and health regulations 
can be far more pervasive, comprehensive, and arbitrary. They may be made more 
complicated by national economic interests wishing to protect or improve theii 
competitiveness or market shares, the growth in regional trading blocs, and the 
interplay of a myriad of other active special interest groups. Moreover, the fact tha 
environment and health issues are at or near the top of the political agenda commend! 
that particular concern needs to be paid now to their potential for creating unnecessary 
barriers to trade and investment. 

There are few aspects of human activity that do not have an environmental o: 
health implication. Environmental and health concerns are seldom national in scope 
Indeed, they tend to be increasingly global, whether it be matters related t( 
conservation, global warming, ozone depletion, wildlife habitats, air-water pollution 
product usage, waste disposal, and so on. Such global concerns are evoking a combinatioi 
of national and international responses. At the international level, the United Nation " 
Environmental Program (UNEP) is increasingly active, having spawned th< 
Brundtland Commission and the Basel Convention on the Transboundary Movement o 
Hazardous Wastes. The OECD has launched a risk reduction program on 'sunset-
chemical. The International Labour Organisation (ILO), World Health Organisatioi 
(WHO) and International Agency for Research on Cancer (LC) are also notably active. . 

Most nations and international agencies are continually adding to an ever growin; 
list of potentially hazardous activities and substances, whether natural or man-made 
Undue exposure to hazardous substances may create a risk of disease ranging fror 
cancer, neurotoxicity and reproductive effects to specific non-lethal organ disease 
including effects on the skin and the ear. In some countries, visual pollution or th 
aesthetic is also a matter of regulatory concern. 

The growing understanding of the environmental and health consequences of huma 
behaviour, together with an increased awareness of environmental and healt 
disasters, provides a strong underpinning for public and political concern over their lii 
support systems. And while no one will deprecate the importance of these issues, thei 
is a need for some agreed-to regulatory criteria or principles to guide global an 
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national approaches to environmental and health regulations. This view is premised 
on the assumption that we can reasonably reconcile both environmental and economic 
objectives, and that it is in the interest of all societies to ensure that environmental and 
health regulations do not unfairly or unnecessarily distort international trade or 
investment decisions. 

A few examples of differences in national approaches to similar problems may help 
illustrate the case being made. 

After having reviewed the same evidence, the United States is banning products 
representing 96% of asbestos use, but excluding domestic chrysotile asbestos mining, 
while the European Commission set regulatory limits on the use of chrysotile asbestos 
and banned only selected products that could pose undue risk to users, for example, 
patching compounds. Most other countries have regulations similar to the European 
Commission. (The United States decision is presently being challenged in the courts.) 

Denmark has seriously considered banning the use of metal cans for soft drinks and 
beer. Switzerland does not allow aluminium foil to be disposed of in waste sites. The 
United States is planning to ban the use of various lead products and is considering 
workplace exposure standards for cadmium some 50 times below the present limit. It is 
doubtful that these regulatory positions are shared by the majority of countries. No 
doubt there are examples that can be cited in other sectors which would show 

•. significant differences in national approaches. 
At the international level UNEP approved an international convention on the 

transboundary movement of wastes, the objectives of which are to minimise the 
generation and transboundary movement of waste. However, waste for the Basel 
Convention includes recyclable materials. A variety of special regulatory requirements 
and approaches by those countries that ratify the Convention offer great potential to 
create unnecessary barriers to trade in secondary materials. For example, the request for 
prior notification and consent will make it difficult for international secondary 
material traders who operate on a spot market basis. Added to this, other 
requirements imposed on exporters make it more attractive to supply recyclers located 
in the internal market 
. If the Convention comes into effect, it could also be used to justify countries requiring 
imported products to meet their recycling objectives (in other words, imported goods 
must contain materials that can be recycled or contain a percentage of recycled 

•;,;. material, or to use the Convention as a legal basis to unduly restrict the export of 
,,'£' -ecyclables. 
'; The Convention was supposedly designed to capture the sham recycler, that is, 
:•'.'. companies that misrepresent a 'hazardous waste destined for disposal' as a recyclable 
f naterial, notably those exporting to developing countries. There are other simpler 
;'"'; solutions to dealing with this problem, but I doubt that the UNEP adequately 
,V ;onsidered them. There was no documentation of the scope and nature of the problem nor 
v he costs and benefits of alternative solutions. Indeed, the Convention, if implemented 

'},( n national regulations, may not only tend to create economic inefficiencies and to 
. listort international trade in recyclables but could also work against the environmental 

ibjective of promoting recycling; that is, fostering disposal in lieu of recycling. 
But why have the above and other similar events occurred? One major factor is the 

ack of regulatory discipline, or in other words, a consistent framework of objective 
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criteria against which alternative regulatory approaches can be assessed, notably at 
the international level and in many cases the national level. 

One interesting approach that may provide some guidelines worthy of consideration 
by both governments and international agencies is that used by the United States EPA 
in their Toxic Substances Control Act. In essence, the EPA, when promulgating a rule,' . 
must demonstrate that it has chosen the least burdensome requirement necessary to 
protect adequately against unreasonable risk. 

In addition to allowing the public to comment on their proposed regulation and to 
provide information, the EPA if it is to promulgate a rule must: 

Present issues of material fact, including: 

1 a determination of the potency of agent; 
2 an estimate of exposures to the agent; 
3 the risk to various publics from the agent; 
4 the risks associated with substitute products; and 
5 the benefits and costs of alternative solutions for society, and the fact that the 

least burdensome alternative was chosen to achieve the appropriate risk reduction, 
which would take into account the economic dimensions, including international -
trade. 

If any of EPA's evidence, all of which must be made public, is questionable, there is a 
right to legal recourse. 

This approach clearly raises a number of questions, including: 

• Is it reasonable to expect that a risk analysis be done for every toxic agent or . 
activity? 

• What is a reasonable risk or an acceptable impact on the environment? 

It would be inappropriate to define an unreasonable risk here, since there may be 
many alternative answers to this question. To illustrate, some might argue that zero, 
risk is appropriate for agents that are unnecessary or for which there are safe 
substitutes. On the other hand, one might argue that zero risk is in itself unreasonable 
given the background risk of everyday living or the background risks of natural events 
One might also argue that zero risk is inappropriate for toxic material that can be. 
managed safely and for which there are more substantial socio-economic benefit! 
relative to the safer substitutes. I believe that the EPA has numerical risk rangei 
below which a risk is considered reasonable — another method of dealing with this 
issue. Moreover, while it may be argued that risk assessment is not feasible for al' 
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agents, then guidelines could be developed which identify circumstances under which 
such assessment is desirable. Moreover, in relation to impact on the environment, 
differences in environmental sensitivity and existing pollution levels in a region would 
need to be considered, among other factors. 

In spite of these difficulties, further international discussion could be useful in 
drawing up appropriate guidelines which could assist in the development of both 
national and international regulatory frameworks. A positive conclusion to such a 
discussion could also lend assistance to the interpretation of the GATT Technical 
Barriers to Trade Agreement. It would facilitate GATT dispute panels to assess 
whether or not national regulations on the environment or health create unnecessary 
barriers to trade. (The MAC, together with other Canadian trade associations, have 
already made representations on this matter to the Canadian government's Trade 
Department.) Environmental conventions such as Basel could be used to frustrate the 
purposes of GATT. In the absence of a systematic framework, we run a major risk of 
international trade and investment becoming distorted in a mire of unnecessarily 
restrictive environmental and health regulation. 

While principles facilitating harmonisation of national approaches will not 
eliminate the potential for such barriers, it could go a far way in minimising them. And 
whether or not the EPA approach offers some direction in the development of 
guidelines, it appears necessary that international discussions begin on a framework 
that provides for a consistent and fair regulatory discipline. Such an approach would 
be a positive step towards fulfilling one of the main tenets of the Bruntland 
Commission, namely the integration of economic and environmental decision-making in 
our institutions. 



6 Taiwan's energy strategies and 
projects in the 1990s 
HONG-TING YTH 

Energy is the prime mover of economic activities and a necessity of modern society. In ' 
the past 30 years Taiwan has achieved a well known 'economic miracle'. A stable and. 
sufficient energy supply has surely been a significant factor in Taiwan's economic 
growth. 

Looking forward to the 1990s, Taiwan's energy demand is estimated to continue to. 
increase. The investment on energy development is so huge and the time spent on 
planning and constructing is so long that there are clearly important goals ahead of us - * 
namely, how to plan the future energy demand and supply with integration, 
foresightedness and feasibility in view of Taiwan's economic needs; how to balance , 
energy needs and environmental protection; and how to establish guidelines on security, , 
economy, high quality, high efficiency, low pollution and public acceptance. 

ECONOMIC DEVELOPMENT A N D ENERGY D E M A N D A N D SUPPLY 

The process of economic growth can be divided into the following four stages. 

The first stage (1953-60): import-substitution 

Two four-year plans for economic development were implemented during the period . 
1953-6, aimed mainly at developing agriculture and small-scale light industries. The 
AAGR (annual average growth rate) of real GDP was 7.4%. During this period the 
strategies for energy development were designed to increase indigenous coal production 
and actively explore new sources for power generation. Although energy demand was. 
small in quantity, the AAGR reached 9.2% at the same period. Energy supply was 
mainly from indigenous coal and hydro-power. 

The second stage (1961-72): export expansion 

Three (the third, fourth and fifth) four-year plans for economic development wen 
implemented during the priod 1961-72, aimed principally at expanding exports, 
enlarging existent industries and establishing new industries. The AAGR of real GDP 

80 
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reached 10.2%. During this period, the principal strategies for energy development 
were designed to explore indigenous energy resources, promote utilisation of natural gas 
and expand thermal power generation. The AAGR of energy consumption reached 
10.2%. Relatively faster-increasing oil imports replaced indigenous coal for energy 
supply. Up to 1972 oil counted for 67% of the total primary energy supply. 

The third stage (1973-81): industry development 

During this stage, the sixth and seventh plans for economic development were 
implemented in order to increase investments in infrastructure, eliminate 
transportation bottlenecks and develop heavy and chemical industries. The AAGR of 
the real GDP mounted as high as 8.1%, although the inflation rate soared as well to 
12.8%. However, there were also two worldwide energy crises. To adapt to the new 
situation, the principal strategies then were aimed at developing nuclear power, 
reducing annually the production of indigenous coal, setting up an agency exclusively in 
charge of energy matters and promulgating the Energy Management Law. The AAGR of 
energy consumption amounted to 8.3%, while oil was the predominant energy source in 
energy supply. In addition, the year 1977 marked the onset of a new era of nuclear 
power generation. 

The fourth stage (1982-89): industry upgrade 

The eighth and ninth four-year plans for economic development were implemented 
with emphasis on development of strategic industries, implementation of production 
automation and promotion for the balance of cultural, social and economic development. 
The AAGR of real GDP was 7.7%. Owing to endeavours to promote energy conservation, 
the AAGR of energy consumption fell to 6.9%. 

CURRENT ENERGY ISSUES 

Coal 

Total coal consumption in Taiwan has drastically increased in recent years, reaching 
17.6 million metric tons in 1989. But due to Taiwan's difficult mining situation and a 
iecreasing number of miners, domestic coal production fell sharply from 2 million 
netric tons in 1984 to 1980s 0.78 million metric tons. This represented 4% of total coal 
:onsumption, with the remaining supply coming from imports. The issues confronting us 
ire: to sustain stable coal supply from secure coal sources, to install coal unloading, 
ransportation and storage facilities, and to prevent environmental pollution such as 
"Ox and NOx from coal burning. 
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Oil 
OVERVIEW AND ISSUES 

Owing to the oil price collapse in 1986, the growth rate of oil consumption in Taiwan • 
greatly increased to 17% in 1988 and 9% in 1989. The proportion of oil in total energy, 
consumption also increased again from 51% in 1987 to 56% in 1989. Recently, in response 
to the tense situation in the Middle East, the government has taken a series of 
countermeasures including a rise of gasoline and diesel oil prices, and the enforcement of 
an intensified energy conservation strategy. The recent hike in oil prices presents an 
opposite situation from the late 1980s. Clearly, the oil consumption trend in the future 
still deserves close attention. The imperative issues in this sector are: increasing 
reliance on oil in total energy consumption, over-concentration of oil import sources from '-
the Middle East, increasing demand for light grade oil products, and difficulties in.*, 
the acquisition of sites for oil refineries. 

Natural gas 

Since indigenous natural gas resources are limited in Taiwan, imported (LNG) is still, 
necessary. The first shipment of LNG arrived in Taiwan in March 1990. Importation in 
the initial period is forecast to be 1.5 million tons annually. To comply with 
environmental protection requirements LNG consumption is expected to rise in the 
future. The issues confronting us are : the expansion or addition of LNG receiving 
terminals, and the construction of distribution pipeline systems. 

Electricity and nuclear 

Owing to steady economic growth and the public's widespread use of household * 
electrical appliances, especially air conditioners, power peak loads have been greatly 
increasing. In three consecutive years from 1987 to 1989 they were 11,113 MW, 12,331 
MW and 13,422 MW respectively, which means that the power peak load increased by 
more than 1,000 MW each year, that is, over 10% per annum. Because of the rapid . 
growth in recent years, with no major generating units added to the power system, 
there has been a power shortage problem. On the other hand, the fourth nuclear powei * 
plant project has being temporarily shelved owing to public concern about the use of 
nuclear facilities for generating electricity. This has brought many key issues to the 
forefront, such as enhancement of power load management, and reduction of the peal : 
load growth, and the construction of new power plants, especially nuclear powei • 
plants, with positive efforts made to gain public acceptance. 

New energy 

R&D in energy technology is a rather time consuming but constructive way to alleviatt 
the existing energy problems. Because of cheap energy prices lately, a limited researcl 
budget and lukewarm participation from the private sector, the commercialisation o 
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R&D of new energy is still beyond reach. Over the long-term, R&D in new energy 
deserves to continue given its importance to future energy supply. The task ahead of us 
is to proceed properly with R&D in new energy and participate in international 
cooperation research projects. 

Energy conservation 

The energy price drop in recent years has, at the same time, affected manufacturers' 
willingness to take energy conservation measures. Owing to the high degree of 
imported energy in Taiwan, it is necessary to proceed with the task of energy 
conservation regardless of whether there is an energy crisis or not. We need to carry on 
making efforts to find new methods of conservation. 

World environmental protection 

Global warming and acid rain have both been brought about by the massive use of fossil 
fuels in recent years. This has led to increased environmental concern worldwide. 
Although fossil fuels consumption in Taiwan accounts for a minute 0.6% of world total 
consumption, it is our international responsibility to take proper measures in 
compliance with environmental protection concerns. The priorities are: positive 
protection of the environment from energy pollution and the adoption of low pollutant 
fuels, and support for international environmental protection agreements. 

RELEVANT STRATEGIES AND MEASURES 

Figure 6.1 sums up the relevant strategies and measures for solving energy problems 
with which we will be confronted in the near future. They can be explained as follows: 

Assur ing the s tabi l i ty of energy s u p p l y 

• Diversification of primary energy forms and import sources needs to be emphasised. 
We should continuously decrease energy dependence on oil, encourage the use of 
natural gas, and properly expand coal-fired and nuclear power generation so that 
energy forms can be diversified further. The diversification of import sources will 
also be emphasised to secure energy supply. 

• Both local and overseas exploration and the development of energy sources needs to 
be stepped up and due attention should be paid to the acquisition of foreign 
reserves. To secure foreign energy supply, we have cooperated with foreign 
companies in oil, coal and uranium exploration in areas such as Asia, Africa and 

.' America. In the future, in addition to continuing cooperation in exploration, we need 
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to find opportunities to buy foreign reserves so that our energy supply can be further 
secured. 

• Imports of LNG need to be increased and its widespread use expanded. In addition •„ 
to supplying LNG for power plants sited near urban areas, measures should be . 
taken to facilitate residential, commercial and industrial use to not only decrease 
environmental pollution, but also to promote energy diversification. 

• Laws and regulations governing energy business should be legislated to create a fair 
and rationalised environment suitable for liberalisation. To cope with the rising 
tide of liberalisation and internationalisation of the economy, it is an important 
task for the government to make proper laws and regulations governing the energy • 
business. This will pave the way for private enterprises to enter the energy 
industry and promote its prosperity. 

Accelerating the rationalisation of energy pricing 

• Energy price should reflect the real cost, and should be properly interrelated, with 
due concern for energy conservation and the need for economic development. : 

• The scope to which time-of-use rates are applicable should be broadened, and the 
differences between peak and off-peak rates increased to encourage off-peak power 
consumption and higher load factors. 

• Electricity buying systems should be instituted to promote the development of new 
energy sources and to increase energy efficiency. 

Increasing the efficiency of energy utilisation 

• Energy efficiency standards for industrial processes should be instituted, technical 
assistance to firms in energy conservation should be provided, and a co-generation 
system should be promoted. The energy industry's use of fuel and feedstock totalled 
28 million kilolitres of oil equivalent in 1989, representing 60.4% of total energy use 
in Taiwan, and will continue to be the major consuming sector. 

• The management of the integrated transportation system should be strengthened, 
and the vehicle fuel economy regulation system continually implemented. In 
addition to the development of mass transportation and rapid transit systems, the 
wise management of integrated transportation will smoothen traffic flow and save 
energy. The fuel economy regulation system will intensify the development and 
manufacture of energy-saving traffic devices. 

• It is necessary to set and implement energy efficiency standards for buildings and. 
energy-consuming equipments and appliances and institute an energy performance . 
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labelling system. Up to the present, standards have been set according to the 
energy audit system for buildings and major equipment and appliances such as air 
conditioners, heaters, stoves, dryers, motors, electric fans, electric ventilators, 
refrigerators and vehicles to increase the efficiency of energy utilisation. In 
addition, the energy performance labelling system will be implemented to help 
people buy higher efficiency equipment and appliances. 

Preventing energy-related environmental pollution 

• The treatment of energy-related wastes and energy recycling needs to be 
strengthened. 

• It is important to introduce, produce and encourage the widespread use of high 
quality, clean energy. The sulphur content of indigenous fuel oil fell to 1.5% in June 
1990, and will fall again by 1993 to 1%. Meanwhile, unleaded gasoline has been 
obtainable at service stations, and its widespread use will be continually 
encouraged. The widespread use of natural gas is also encouraged. 

• The application of high efficient combustion and pollution-prevention equipment 
should be promoted. Owing to our limited alternative energy resources, it is 
important to adopt high-efficiency combustion and pollution control equipment. 
This will reduce pollutant emissions and alleviate global environmental problems 
when we are forced to use high pollutant emission energy. 

Enhancing energy research and development 

> Continued promotion of R&D in new energy is required. Even though it will be 
difficult to take advantage of new energy in the short run, some prospects for this 
still exist. These should be pursued in areas where traditional energy resources are 
inefficient. 

• Alternative energy technologies for vehicles need to be researched and developed. 
Air pollution in Taiwan is growing worse, aided by emissions from motor vehicles. 
It is viable to engage in R&D in the field of alternative energy technologies for 
vehicles, such as methane and electricity. This may lead to improved air quality 
and help achieve diversification of energy forms. 

Private-sector participation in energy research and international cooperation needs 
to be promoted. 

romoting energy education and the dissemination of information 

Universal energy education should be developed for students at school, and we 
should also train personnel in the field of energy. In regard to energy education, 



86 OVERVIEW AND ISSUES 
energy-related knowledge has been prepared as teaching material for primary 
schools, junior middle schools and vocational schools. A positive step would be to 
extend the scope of such education to undergraduate and graduate level. 

• The level of public literacy on energy issues needs to be raised. Through the mass 
media, the public needs to be informed of energy-related issues so that we may 
achieve a national consciousness on such issues. 

ENERGY SUPPLY PLANNING 

Total energy supply and demand 

• The demand for energy is expected to increase with economic development and 
improved living standards. According to the projections provided by the Council for, 
Economic Planning and Development, Taiwan's real GNP is expected to grow at an 
annual average rate of 6.5% in the 1990s. Meanwhile, the growth in total energy 
supply and demand is estimated to reach 4.4% per annum. 

• Due to the fact that Taiwan's indigenous energy is insufficient, the ratio oi. 
imported energy to total supply will continuously rise, reaching 95.1% by 2000. 

• As far as the structure of primary energy supply is concerned, the share of oil wnV 
drop from 56% in 1989 to 42% in 2000. Over the same period, that of coal wil 
increase from 24% to 31% and that of natural gas from 3% to 10%, while nuclea: 
power will remain at 13% or so. Other forms of energy are hydro power and nev 
energy, with the sum still accounting for about 4%. Details are shown in Table 1. 

Electricity 

• To cope with the growth of both general and peak load demand for electricity 
measures for load dispatching such as time-of-use rating, interruptible rating, an< 
co-generation will be reinforced. Also, the completion of various power plants wi 
increase total installed capacity from 16,594 MW at the end of 1989 to 34,124 MW i 
2000. Specifically, hydro will increase 2,167 MW, thermal 13,363 MW, with th 
remaining 2,000 MW coming from nuclear. Meanwhile, total power generation wi 
increase from 76.9 TWH to 145.9 TWH as well. 

• The structure of power generation in the future will be such that more and moi 
emphasis will be put on gas-fired and coal-fired power generation to replace oi 
fired, nuclear and hydro power, with the latter two being difficult to increaj 
further. Table 2 presents this in detail. 
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• As far as the fuels demanded by power plants are concerned, the demand for coal 

will have more than doubled by 2000. On the other hand, given that gas-fired 
power generation will be promoted in the future, the demand for LNG used for 
power generation will increase from 0.3 million metric tons 1990 to 2.5 million 
metric tons in 1996 and 3 million metric tons in 2000. 

• During the planned period, investments in installation of units will amount to 
US$33.32 billion. Specifically, hydro will account for US$5.19 billion and thermal 
for US$22.73 billion, with the remaining US$5.40 billion going to nuclear. In 
addition, investments in the installation of facilities for unloading, transporting 
and storing coal used for power generating will be no less than US$3.28 billion. 

Oil and gas 

• Demand for crude oil is forecast to increase from 418,000 barrels per day in 1989 
(accounting for 0.6% of world oil consumption and 1.5% of oil traded in the world, 
respectively) to 500,000 barrels per day in 2000, of which almost all will come from 
imports (see Table 3). 

• The total supply of natural gas will increase from 2.1 billion cubic metres in 1990 (of 
which imports of LNG will amount to 0.7 million metric tons, representing 50%) to 
7.0 billion cubic metres in 1996 (of which imports of LNG will amount to 4 million 
metric tons, representing 80%) and 9 billion cubic feet in 2000 (of which imports of 
LNG will amount to 5.5 million metric tons, representing 86%). 

• During the planned period, investments in the installation of oil and gas-related 
facilities will total about US$9.65 billion. Specifically, facilities for refinement 
will account for US$3.16 billion, those demanded by petrochemical plants for 
US$1.72 billion, with the remaining US$4.77 billion going to unloading, 
transportation and storage facilities. 

Coal 

• To cope with growth in the demand for coal in the future, the total supply of coal 
will increase from 17.6 million metric tons in 1989 to 36.6 million metric tons in 2000, 
representing an almost twofold growth (see Table 4). 

• Due to the high cost of domestic coal mining, it will be difficult for indigenous coal 
to compete in the market with cheaply imported coal. This has worsened due to the 
lack of miners, with the quantity produced decreasing to 780,000 metric tons in 1989. 
The production of indigenous coal in the future is forecast to reduce year by year to 
100,000 metric tons or so. 



88 OVERVIEW AND ISSUES 

• It is forecast that imports of steam coal will increase from 11.8 million metric tons 
in 1989 to 29.8 million metric tons in 2000, representing growth of 250 %. 

• Taiwan used to buy coking coal mainly from overseas countries including from 
Australia and Canada. It is estimated that imports of coking coal will increase 
from 5 million metric tons in 1989 to 6.7 million metric tons in 2000. 

• To meet the sharp growth in coal demand, programs have been worked out for the 
extension or construction of coal unloading quays of the Taichung, Suao and Hsinta 
coal supply systems. In addition, each port's public quays will be open to the 
unloading of coal. It is estimated that total unloading capacity will increase from 
20.5 million metric tons in 1989 to 45.6 million metric tons in 2000. 

New energy-
New energy includes solar thermal, wind, biomass, geothermal and OTEC, among 
which solar thermal and geothermal are the most important energy sources in Taiwan. 
Today, the production of both is still small. It is forecast that new energy production 
will increase from 0.23 million KLOE in 1989 to 0.52 million KLOE in 2000. New energy 
accounted for 0.4% of Taiwan's total energy supply in 1989, and is expected to account 
for 0.6% in 2000. 

Energy-related pollution prevention 

The new projects formed by the energy industry (including those for fabricating, 
replacing or extending equipment and facilities) will all be assessed according to the 
rules governing environmental protection and their environmental impact. 
Additionally, to meet stricter standards for environmental protection in the future, the • 
energy industry will invest a large amount of money (about US$12.57 billion) in , 
pollution prevention. Specifically, it will include investments in power plants 
totalling US$ 6.12 billion, with the remaining US$6.45 billion going to oil refineries. 

CONCLUSION 

Taiwan's GNP growth rate target is 6.5% for the 1990s, as estimated in the economic 
development plan. With Taiwan's ongoing energy conservation programs and industrial 
restructuring, the growth rate of energy demand will drop slightly to 4.4%, even 
though the quantity needed will still be large. In order to sustain economic growth and 
raise the standard of living, it will be important to supply energy within the 
guidelines of security, economy, high-quality, high efficiency, low-pollution and 
public acceptance. 

In the face of the energy problems likely to occur in the 1990s, efforts should be made 
to: continuously promote energy conservation programs, and emphasise the load 
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management of electricity; carry out projects to expand the use of coal and natural gas, 
and develop nuclear power generation where appropriate; secure future energy supplies 
through the diversification of energy forms and imported sources, overseas cooperative 
exploration as well as reserve acquisition; positively step up the task of pollution 
prevention, and support international agreements concerning emission controls; continue 
oromoting new energy technology R&D and its application; and emphasise energy 
education and dissemination of information, especially in public acceptance campaigns. 
.- As for the structure of Taiwan's primary energy supply, it is forecast that the share 

• 3f oil will decrease from 56% in 1989 to 42% in 2000, coal will increase from 24% to 31% 
[ over the same period, with natural gas rising from 3% to 10%, while nuclear will 
' 'emain the same at around 13%, as will hydro and new energy at around 4%. To meet 

he demand for energy and environmental standards in the 1990s, total capital 
• nvestment both for power generation and oil refinement will amount to US$58.82 

)illion, of which 21% will be invested in pollution control facilities. 
In the 1990s, Taiwan's demand for energy will keep on growing, leading to many 

lifficulties. We should try with all our might and wisdom to overcome the difficulties 
o as to secure high-quality energy supply, and thereby pave the way for Taiwan to 
>ecome a developed country. 



Table 6.1 Primary energy supply and demand forecasts (per cent) 

o 

Demand Supply 

Coal Oil Natural 
gas 

Hydro Nuclear New 
energy 

Total Indigenous Imported 10 3 

KLOE 

1989 24.2 56.2 2.7 3.2 13.3 0.4 100.0 7.5 92.5 52,682 

1990 23.5 54.0 3.8 3.7 14.6 0.4 100.0 6.9 93.1 55,975 

1996 28.8 46.4 9.8 3.1 11.5 0.4 100.0 5.3 94.7 71,929 

2000 31.0 41.9 10.4 3.0 13.1 0.6 100.0 4.9 95.1 84,873 

Annual, av. 
growth rate 
1989-2000 6.8 1.7 18.1 4.0 4.3 7.6 0.5 4.7 4.4 
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Table 6.2 Power generation and fuel demand 

Installed capacity (MW,%) Power generation (GWH,%) Fuel demand 

Nu
clear 

Coal-
fired 

Oil-fired Gas-
fired 

Hydro Total Nuclear Coal-
fired 

Oil-fired Gas-
fired 

Hydro Total Yellow 
cake 
(101b) 

Steam-
coal 
(103 

ton) 

Fuel oil Light LNG 
(103kl) diesel ( 1 0 3 

(103kl) ton) 

1989 5,144 3,750 5,137 0 2,563 16,594 27,100 22,298 20,852 0 6,659 76,909 1,702 8,741 5,002 248 0 

(31.0) (22.6) (31.0) (0.0) (15.4) (100.0) (35.2) (29.0) (27.1) (0.0) (8.7) (100.0) 

1990 5,144 3,675 5,243 748 2,562 17,372 31,730 21,483 20,073 1,566 6,509 81,361 1,902 8,024 5,055 230 31 

(29.6) (21.2) (35.2) (4.3) (14.7) (100.0) (39.0) (26.4) (24.7) (1.9) (8.0) (100.0) 

1996 5,144 7,525 5,896 4,448 4,522 27,535 31,887 42,629 20,516 13,682 8,860 117,574 1,901 15,832 5,136 520 252 

(18.7) (27.3) (21.4) (16.2) (16.4) (100.0) (27.1) (36.3) (17.5) (11.6) (7.5) (100.0) 

2000 7,144 10,325 7,725 4,200 4,730 34,124 43,010 58,912 17,068 16,554 10,339 145,883 2,509 18,434 4,730 5 300 

(20.9) (30.3) (21.6) (12.3) (13.9) (100.0) (29.5) (40.4) (11.7) (11.3) (7.1) (100.0) 
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Table 6.3 Oil and gas supply forecast 

Oil(103 KLOE) Natural gas 
(10 6M 3) 

Indig
enous 

Imported 

Total 
supply 

Indige
nous 

Crude 
oil 

Crude 
oil 

LPG 

LS 

Fuel oil 

Sub-total Total 
supply 

Indige
nous 

Crude 
oil 

Crude 
oil 

LPG 

LS 

Fuel oil Naphtha Others Quantity % 

Total 
supply 

Indige
nous 

Imported Total 
supply 

1989 135 24,130 1,054 3,495 237 569 29,485 99.5 29,620 1,405 0 1,405 

1990 ,122 23,820 924 3,204 75 2,047 30,070 99.6 30,192 1,109 1,022 2,131 

1996 126 27,663 391 1,934 1,560 1,380 32,928 99.6 33,054 1,088 5,935 7,023 

2000 126 28,511 389 2.492 1,681 1,794 34,867 99.6 34,993 1,235 7,895 9,130 

Annual average growth rate (%) Q 
1989- -0.1 1.5 -8.7 -2.9 19.5 11.0 1.5 1.5 -1.2 18.5 w 
2000 S3 



> 
> 
z 
m 

Table 6.4 Coal supply forecast (1,000 MT) 

Imported 

Indigenous 
Steam coal Coking coal 

Indigenous Power 
generation 

Industry Sub-total Steel 
industry 

Others Sub-total Total Grand 
total 

1989 
1990 
1996 
2000 

784 
500 
150 
100 

7,507 
7,868 
16,466 
22,655 

4,346 
5,031 
5,403 
7,154 

11,853 
12,899 
22,869 
29,809 

4,918 
4,694 
5,721 
6,539 

75 
96 
117 
133 

4,993 
4,790 
5,838 
6,672 

16,846 
17,689 
28,707 
36,481 

17,630 
18,189 
28,857 
36,581 

Annual average growth 
1989- -17.1 
2000 

rate (%) 
10.6 4.6 8.7 2.6 5.3 2.7 7.3 6.9 
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Figure 6.1 Guiding principles and strategies for energy policy formulation 

Goals: 
Economic growth 
National safety 
National welfare 

SIX MAIN GUIDING 
PRINCIPLES 

^Assuring the stability of 
""energy supply 

^Accelerating the rational 
isation of energy pricing 

Energy policy for 
the Taiwan area - > -

Basic require
ments: 
Security 
Economy 
High quality 
I m« nnlli itinn 

• • '' V • .' 

STRATEGIES AND MEASURES 

Diversifying primary energy forms and import sources 
Enhancing overseas energy exploration, and the acquisition of 
foreign energy reserves. 
Expanding LNG imports and encouraging its widespread use 
Making laws and regulations governing the energy business. 

•-[ 
Carefully considering costs, energy conservation and economic 
development. 
Extending time-of-use rates. 
Instituting an electricity buying system. 

Increasing the efficiency 
"of energy utilisation 

Preventing energy-
related environmental 
pollution 

Enhancing energy — 
•research and develop
ment 

Instituting industrial process energy efficiency standards, and prov
iding energy conservation technical assistance. 
Strengthening the management of the integrated transportation 
system and the vehicle fuel economy system. 

••Implementing energy efficiency standards and an energy 
performance labelling system. 

Strengthening the treatment of energy-related wastes and energy 
recycling. 
Introducing, producing and using high quality, clean energy 
sources. 
Promoting the application of highly efficient burner and pollution-
prevention equipment. 

[•Promoting new energy technology R&D and its application. 
Researching and developing technologies for alternative vehicle 
fuels. 
Promoting private-sector participation in energy research and 
international cooperation. 

rDeveloping universal energy education for students at school. 
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7 The role of mineral commodities in 
Taiwan's economic development 
YET-JEN CHEN 

Mineral resources in Taiwan are not plentiful but they have provided the essential 
foundation for sound economic development in the past. However, minerals like coal 
are being depleted due to long-term exploitation; little crude oil was produced. 
Limestone reserves are abundant, but the mines are not as easy to develop as they used 
to be because of soaring environmental protection in recent years. With more stringent 
laws and problems associated with land access, the mining industry, typically open-pit 

;,•-,'; mining, is not as vital as it should be. Yet the demand for mineral commodities is 
, continuously increasing. The import of mineral commodities therefore becomes an 
important substitute. 

This paper serves to explore the importance of mineral commodities to the 
• Taiwanese economy. The Taiwanese people have acquired with difficulty the mineral 
- commodities required for economic development, typically under conditions of import 
supply constraints and domestic supply shortages, and Taiwan's experience is of value 
for countries in a similar situation. 

MINERAL RESOURCES AND MINERAL PRODUCTION IN 
TAIWAN 

Many kinds of minerals are found in Taiwan. However, only twenty-four are of 
economic value, and these can be classified into the following four categories: 
1 energy minerals: coal, crude oil and natural gas; 

2 metallic minerals: gold, silver, copper, iron, zircon, titanium and thorium; 
3 industrial minerals: sulphur, marble, limestone, serpentine, dolomite, talc, 

asbestos, mica, china clay, feldspar, fire clay, gem stone, quartz and gypsum; and 
4 earth and stone: sand, gravel, clay, crushed stone and dimension stone. 

The total value of minerals produced in Taiwan in 1989 was NT$34,351 million. Of 
this, energy minerals accounted for NT$9,311 million, or 27.11% of the total; metallic 
minerals for NT$3,791 million, or 11.03% of the total; industrial minerals for NT$4,477 
million, or 13.03% of the total; and sand and gravel for NT$16,773 million, or 48.83% of 
the total. 
Of these minerals, sand and gravel had the highest quantity and value, 152 million 
metric tons and NT$16,773 million respectively, followed by natural gas at NT$7,038 
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million, or 20.49% of the total value. Coal production dropped sharply this year, to 
NT$1,926 million, or 5.61% of the total value. Fourth on the list was copper a t \ 
NT$3,659 million, or 10.65% of the total, followed by salt, limestone and marble with-
a value of NT$1,294 million, NT$950 million and NT$924 million, respectively. 

MINERAL IMPORTS AND EXPORTS 

The continuous growth of the Taiwanese economy relies heavily on minerals to support . 
its development, but since neither mineral type nor quantity is able to meet this 
demand, mineral imports are crucial. In 1989 thirty-seven kinds of minerals were. 
imported by Taiwan, with a total value of NT$109,195 million. Of this, energy 
minerals accounted for NT$91,889 million or 84.15% of the total value of imports.-
Metallic and industrial mineral imports accounted for NT$9,844 million and NT$7,462 
million or 9.02% and 6.83% of total imports respectively. The major imported minerals 
were ranked, by value, as coal, crude oil, iron ore, copper ore, dimension stone, and 
kaolin, which accounted for 62.74%, 21.41%, 5.07%, 2.35%, 1.71% and 1.45% of total 
imports respectively. 

Though Taiwan heavily depends upon imported minerals, it nevertheless exports' 
minerals also. In 1989 the value of mineral exports totalled NT$616 million, which, 
was rather small compared with the value of its mineral imports. Industrial minerals 
was the major export commodity with a value of NT$474 million, or 77.07% of total 
mineral exports. Metallic minerals came second at NT$141 million, or 22.90% of the 
total. Energy mineral exports accounted for only 0.03% of the total. Among the thirty-
two kinds of minerals exported, dimension stone, metallic slag, sand and gravel,, 
dolomite and silica stone ranked as the important goods in terms of value. 

Processed mineral products 

The mineral processing industry has been very active in the past. Therefore, industries 
such as cement, glass, ceramic and chinaware, steel, crude oil refining, filler material, 
fertiliser and gem stones have been playing an important role in the economic system. In 
1989 the value of local processed mineral products totalled NT$829,140 million."In 
order to satisfy demand, NT$194,640 million worth of processed mineral products was 
also imported while NT$186,574 million worth of products were exported. 

CONTRIBUTION OF MINERAL COMMODITIES TO ECONOMIC 
DEVELOPMENT 

GNP in Taiwan in 1989 amounted to NT$3,961.85 billion. Locally produced minerals 
accounted for NT$34.35 billion, or only 0.89% of GNP, while imported minerals 
accounted for NT$134.88 billion, or 3.43% of GNP. Total minerals required by this 
economic system were valued at NT$169.23 billion, or 4.30% of GNP. 

Processed mineral products or so-called 'derived demands' were worth about, 
NT$59.33 billion, or 1.5% of GNP. The total value of processed mineral products was l 
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NT$898.27 billion, or 22.42% of GNP. Imported processed mineral products were worth 
NT$250.3 billion and accounted for 6.32% of GNP. Therefore, it should be noted that 
mineral commodities produced in 1989 totalled NT$1,138.77 billion, or 28.74% of GNP. 
Yet minerals and processed mineral products for export altogether amounted to 
NT$187.19 billion, contributing 4.72% of GNP. Therefore, actual mineral commodities 
demanded by economic development in 1989 and consumed within Taiwan amounted to 
NT$950.58 billion, or 24.02% of GNP. 

OUTLOOK AND APPROACHES TO SECURE SUPPLY 

The demand for mineral commodities, either mineral or processed mineral products, 
tended to increase proportionally to economic growth. Therefore, the value of mineral 

•$. commodities required is expected to be maintained at a rather stable ratio to GNP, 
',£ since energy minerals now plays a very critical role in Taiwan's economy. However, the 
'>; Gulf War raised some concerns that the entire world economy could be damaged by such 
; ; ' events. It raised fears about high oil prices, and their potentially strong negative 
''f; impact on the world economy. It appears that we are unable to avoid such repercussions 
: on the world economy, but ways must be found to eliminate such developments in order 
,; to secure mineral commodity supplies. 

To ensure the stable supply of essential mineral commodities, it is vital that we: 

• encourage investment in mining and mineral processing industries; 
• provide technical and financial support to the mining industry; 
• encourage private mining companies to undertake joint venture in foreign mining 

projects; 
• reduce import tariffs on mineral commodities in order to encourage imports; 
• promote bilateral mining agreements with interested countries; and 
• diversify supply sources to eliminate the impact of possible supply shortages. 

Of these approaches, some have already been implemented with satisfactory results 
while the rest need to be revised in line with current changes in world mineral supply. 
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Table 7.1 Mineral production statistics for Taiwan, 1989 

Commodity Quantity Value 

Unit NT$1,000 % 

Energy minerals 9,310,460 27.11 
Coal MT 784,409 1,926,580 5.61 
Petroleum KL 135,122 345,520 1.01 
Natural gas 1.000M3 1,157,878 7,038,360 20.49 

Metallic minerals 3,790,550 11.03 
Gold hg 2,690 93,830 0.27 
Silver hg 64,908 31,550 0.09 
Copper MT 43,237 3,659,260 10.65 
Heavy sand MT 1,593 5,910 0.02 

Industrial minerals 4,476,890 13.03 
Sulphur MT 76,060 209,880 0.61 
Marble MT 12,115,479 924,170 2.69 
Marble (DS) M3 116,020 253,270 0.74 
Limestone MT 14,061,780 950,130 2.77 
Limestone (DS) M3 3,319 7,400 0.02 
Dolomite MT 418,716 179,240 0.52 
Talc MT 22,559 26,120 0.08 
Mica kg 4,290,336 25,180 0.07 
China clay MT 284,343 234,160 0.68 
Fire clay MT 85,830 50,340 0.15 
Serpentine MT 354,503 152,330 0.44 
Serpentine (DS) M 3 41,954 136,330 0.40 
Granite MT 3,509 9,700 0.03 
Feldspar MT 10,048 5,620 0.02 
Gemstone kg 9,329 740 0.00 
Quartz MT 4,421 2,900 0.01 
Gypsum MT 3,904 15,690 0.05 
Salt MT 410,333 1,293,690 3.77 

Sand and gravel 1.000MT 152,480 16,772,800 48.83 

Total 34,350,700 100.00 

Source: Bureau of Mines, Taiwan. 



Table 7.2 Import and export statistics for mineral commodities in Taiwan, 1989 

Commodity 
Quantity 

MT 

Imports 
Value 

NT$1,000 
Quantity 

MT 

Exports 
Value 

NT$1,000 

H BC m 
jo O r-m 
O 
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Energy minerals 91,888,910 84.15 19 
Coal 17,068,485 23,378,740 62.74 19 
Crude oil 21,388,499 68,510,170 21.41 -

Metallic minerals 9,844,120 9.02 
Iron ore 8,370,546 5,534,290 5.07 160 
Copper ore 152,261 2,560,890 2.35 
Manganese ore 196,032 530,710 0.49 116 
Chromium ore 35,709 111,790 110 
Titanium ore 19,096 88,040 139 
Bauxite 31,297 41,730 18 
Zirconium sand 26,078 640,570 18 

17,884 3,840 3,300 
Rare earth 36 160 
minerals 

Metallic slag 75,953 282,110 0.29 142,778 
Rediative minerals 3,156 47,340 461 
Other metallic 63 2,650 17 
minerals 

Industrial minerals 7,462,260 6.83 
Graphite 10,106 75,630 144 
Sulphur 93,505 298,160 146 
Salt 851,667 665,430 0.61 6,834 
Dolomite 5,097 15,190 213,349 
Feldspar 479,824 536,450 246 
Talc 54,693 170,530 290 
Kaolin 597,052 1,582,810 1.45 3,849 
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Table 7.2 (continued) 

8 

Commodity Imports Exports 
Quantity Value Quantity Value 

MT NT$1,000 % MT NT$1,000 % 

Silica stone 82,368 169,520 406,146 70,890 11.52 
Phosphate 391,353 612,350 80 250 0.04 
Gypsum 483,786 367,690 3,068 19,750 3.21 
Cinnerbar 55,571 323,730 452 3,640 0.59 
Asbestos 29,464 284,630 
Mica 992 20,580 307 3,300 0.54 
Barite 1,719 5,890 
Chalk 1,794 7,240 1.18 
Siliceous earth 11,039 77,250 136 1,510 0.25 
Diatomite 
Pumice stone 15,213 71,730 63 2,880 0.47 
Flourite 174,427 34,110 32 270 0.04 
Leucite 5,503 26,570 2 450 0.07 
Cryolite 3,458 55,540 
Corundum 4,714 80,120 67 2,550 0.41 
Dimension stone 394,916 1,872,470 1.71 5,677 115,070 18.69 
Sand and gravel 23,700 88,600 358,493 101,220 16.44 

% Other industrial 17,348 40,830 48,580 21,560 3.50 % 
minerals 

ERV
] 

Total 109,195,290 100.00 615,610 100.00 

Note: The value of commodities has been converted from US dollars to NT dollars at the average 
> 
Z 

foreign exchang ;e rate of US$1 = NT$26.30. 
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Minerals produced 
Value: NTS34.35 billion 
Contribution: 0.87% of 
GNP 

Imported minerals 
Value: NT$134.88 billion 
Contribution: 3.43% of 
GNP 

Processed mineral products 
Value: NT$82?.14 billion 
Contribution: 20.92% of GWP 

Fuel for generation, and sand 
and gravel for construction 
Value: NT$59.33 billion 
Contribution: 1.5% of GNP 

Imported processed mineral 
products 
Value: NT$250.3 billion 
Contribution: 6.32% of GNP 
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GNP 
NT$3,961.85 billion 

Demand for processed 
mineral products 
Value: NT$1,138.77 billion 
Contribution: 28.74% of GNP 

Mineral exports and products 
Value: NT$187.19 billion 
Contribution: 28.74% of GNP 
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8 Current issues in the development 
of the minerals industry in Taiwan 
JUI-LIN CHANG 

The output of the mining industry in Taiwan has been steady for many years. However,, 
problems have manifested in many facets of the economic structure that have tended to 
accelerate the decline of mining in Taiwan. Effective remedies need to be adopted to 
boost the industry. Since Taiwan's experiences are bound to reappear in other countries . 
and may provide instructive insights in light of the theme of this Conference, this - . 
paper will provide a brief description of the historical aspects of Taiwan's mining 
industry, followed by a short discussion of current issues that will potentially hindei 
the development of mining and remedial measures that might be taken. Finally, future 
prospects for Taiwan's minerals industry are outlined. On this basis, possible mutual 
interest between Taiwan and other Pacific Basin countries could be explored. 

HISTORICAL ASPECTS 

Taiwan has very limited mineral resources. Currently, sand and gravel are the larges: 
tonnage of all minerals produced, accounting for 40% of Taiwan's total minera 
production value. However, the sand and gravel excavation pits are not regarded a. 
mines because of their unique occurrence and extraction process (more than 85% an 
fluvial deposits). Statistics also showed that energy (primarily underground coa 
mines) and metal mining, though flourishing before, are now diminishing. The majority 
of domestic mining activities therefore are non-metal mines. 

Non-metal mines in Taiwan can be subdivided into two categories: industrial rav . 
material open-pit mines and dimension stone quarries. With an average annua, 
turnover of NT$3 billion, these minerals play a key role in domestic industric 
development. Marble, limestone, dolomite and serpentine (Mg-silicate) are four majc 
mineral commodities being mined in Taiwan. Together they account for 98% of tote*, 
tonnage and 80% of total value of mineral production. Figures 8.1 to 8.5 show sonY, 
important statistics relating to historical features of Taiwan's mining developmen , 
These data and associated information show that: ' " 

• Total employment in non-metal mines is steadily decreasing. 
• Industrial mineral output is steadily increasing, but the number of mines -• 

decreasing. 
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• Small-scale mining operations are prevalent in Taiwan. For industrial minerals, 

56% (or 73 out of 131) of the mines produce less than 10,000 tons per year. In 1989 
there were only 11 mines producing over 1,000,000 tons per year, all of which belong 
to the Portland cement company. 

• In the dimension stone sector, the number of marble quarries remain constant; 
however, total production has tended to fall in recent years. The scale of quarrying 
is also small, with 77% (or 35 out of 45) of the quarries producing less than 1,000 
cubic metres annually. 

• The selling prices of non-metallic minerals have remained unchanged for 10 years. 
From 1986 to 1990 marble stone prices have fallen by 30%. 

CURRENT ISSUES 

The production of non-metallic minerals in Taiwan has achieved moderate growth in 
the last decade. However, in recent years, Taiwan's economic structure changed 
dramatically. Problems that will hinder mining development include: the inherent 
deficiency of the industry, environment protection related issues, labour, and 
marketing. 

In terms of GNP, the value of non-metallic mineral production represents less than 
0.2% of Taiwan's GNP. Because of the derived demand nature of the product and its 

y small share in the economic potential of the society, the mining industry has been 
•f .*: neglected by the public for many years. From the technology point of view, the large 
'|ff. open-pit mines belonging to the Portland cement company are doing well. Small-scale 
;-; mines are characterised by poor finances, disorderly marketing and lack of 
'<,'; professionalism. This situation is even worse in the dimension stone sector. In recent 
A., years, imported dimension stone products rose to 200% per annum (see Figure 8.6). There 
,, is little doubt that some of the markets have been replaced and gone forever. The 
f. selling prices of non-metallic minerals should also be noted here. From 1981 to 1988 
/average earnings for mining employees increased 35%. However, the selling price for 
•'•-' industrial minerals remained constant in this period, while for marble stone it fell 

30%. The reasons are largely because of fraudulent competition among suppliers. It is 
very difficult to expect those marginal mines to develop. 

In recent years, given the rising standard of living and the growing demand for 
, environment protection, mining manufacturers have begun to pay due attention to 
pollution control. As a matter of fact, with the help of modern technology, mining can 

. still be carried out with minimum disturbance of the environment. However, in Taiwan, 
while the general public have a strong sense of environmental protection they have 
little understanding of the issues and tend to favour closing mines. 

The affects of enforcing environment protection upon mining are obvious. Right now, 
an environmental impact statement is required for new mining projects. There are many 

.restrictive areas such as national parks, reservations and protected zones that exclude 
.. mining operations. Related laws and regulations with respect to air quality protection, 
" water resource control, noise control, waste disposal management, land use planning, 
I- forest and soil conservation are extended and applied to mining. Further, the opinions 
v af local authorities and residents are getting increasingly more attention and this will 

Influence mine exploitation. Generally speaking, this trend is wholesome for society. 
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But it is a far too bitter pill for the mining industry to swallow on its own. For example,; 
regulation may not be the only means of promoting reclamation. Economic incentives -• 
should be encouraged to defray costs of reclamation in cases-where excessive costs limit 
options. Also, local authorities and communities near mining activities could be given, 
taxation or other benefits by the central authorities as compensation for environmental 
disturbances. 

In order to accommodate changing economic and social demands, the authorities 
introduced advanced mining technology and equipment into the dimension stone 
quarries. Soil conservation planning for each mining district and reclamation practices -
are also being enhanced by related agencies. The philosophy is to provide assistance 
and see to it that the mines themselves take effective measures. Many marginal 
inferior mines are expecting soon to be eliminated. On the policy side, related parties 
have advocated setting up specialised mining districts and encouraging union 
operations for industrial mineral open pits. Because of conflicts of interest the future is 
uncertain. 

PROSPECTS 

Taiwan's mineral requirements have been increasing relative to the growth of its 
manufacturing industries and construction activities. Historically, Taiwan's industries 
have relied heavily on the importation of a majority of their minerals needs except for 
a few kinds of non-metallic minerals. Currently, industrial raw material mines and, 
dimension stone quarries of limestone, marble, serpentine and dolomite constitute the 
major bulk of Taiwan's mining industry. 

Because of its bulk nature, low unit price and high handling costs, industrial raw . 
materials can be regarded as localised mineral commodities. As long as the basic. 
manufacturing industries such as Portland cement and steel prosper, industrial mineral 
open-pit mines will also be developed. 

Taiwan's dimension stone quarries are now facing severe competition from imported, 
products. One of the major reasons is that good deposits are being depleted. The 
majority of marginal quarries will close soon and it is predicted that no more than 10 • 
quarries will be able to survive beyond the end of this century. 

Technologically, the operation of industrial mineral open-pit mines will continue to 
expand and become more mechanised. Major deposits of marble are located in Eastern "." 
Taiwan. Because of the region's rugged topography, the development of bulk 
transportation systems is necessary for the exploitation of these mines. For dimension 
stone quarries, the number may drop, but the scale of operations will be expand. 
Quarrying techniques are also expected to become more advanced. Generally speaking, • 
the output of non-metallic minerals will maintain steady, or gain moderate, growth 
into the future. 

Assistance to the mining industry from agencies is desperately needed. Zoning of; 

mining districts and technical guidance of operations are necessary. Because many: 
agencies separately supervise mining operations, it is important to rectify the present 
lack of uniformity of administrative procedures applied to mining development. ' 

Investments in overseas mining projects have become quite active in recent years in 
Taiwan. These arise from the need for diversification and consistent supply of' 
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dimension stone. Because of the deterioration of the industry climate in Taiwan, the 
:ement industry also experienced obstacles in its development, coming mainly from 
ocal authorities and residents concerned about environment protection issues. Both 
ndustrial mineral mines and dimension stone quarries are eager to engage in joint 
/entures with Southeast Asian countries and mainland China. This trend is expected to 
•.ontinue. Recently, the importation of non-metallic raw material including granite 
rom mainland China has been legalised. Cooperation in mining development with 
mainland China is already proceeding and will prosper in the future. 

JUMMARY 

Jon-metallic mineral mining of industrial raw materials and dimension stone 
uarrying are the main strengths of Taiwan's mining industry. Though the value of 
lineral production represents a minute amount in terms of GNP, with an average 
nnual turnover of NT$3 billion, these minerals play a key role in domestic industrial 
evelopment. The majority of the mines and quarries in Taiwan are small in scale. 
>pposed by the rapid change taking place in Taiwan's economic structure and the 
Tong interest in environmental protection by the public, the survival of many of 
aiwan's marginal mines is being jeopardised. It is expected that few of these mines 
ill survive beyond the end of this century. However, expansion and mechanisation of 
dsting operations will guarantee that the output of non-metallic mineral will 
aintain steady or moderate growth in the future. 
Zoning of the mining district and technical assistance is being promoted by agencies; 
>wever, uniformity of administrative procedures for mining development is necessary. 
In recent years, Taiwan's mines have grown eager to engage in joint ventures in 

Mghbouring countries. Legalisation of the importation of mineral products from 
ainland China is important for Taiwan's mining industry. A more cooperative 
titude by local authorities and the public in general with respect to mining 
jvelopment is anticipated. 
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Figure 8.1 Non-metallic minerals — employment in mines and quarries in Taiwan 
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Figure 8.2 Number and scale of industrial mineral open-pit mines in Taiwan 
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Figure 8.3 Total production tonnage of industrial minerals in Taiwan 
107 
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Figure 8.4 Number and scale of dimension stone (marble) quarries in Taiwan 
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Figure 8.5 Total production of dimension stone (marble) quarries in Taiwan 
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Figure 8.6 Tonnage of imported dimension stone, Taiwan 
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9 A brief overview of New Zealand's 
energy scene 
R. W. MYERS 

Mew Zealand is a small, lightly populated country of some 3.5m people. Located some 
3 hours flying time from its nearest neighbour, Australia, it is geographically remote. 
Despite obvious and very significant differences between New Zealand and other 
members of PECC, in an economic, cultural and political context, some of the issues it is 
facing in the energy sector may be of wider interest. 

The purpose of this paper is to provide a brief overview of New Zealand's energy 
scene and to raise issues that must be addressed in the near future. The first section will 
merry describe changes in the policy environment, while the second considers more 
echnical aspects of the supply and demand balance. 

'OLICY ENVIRONMENT 

ndustrial policy reform since 1984 

Tie election of a new government in 1984 heralded the introduction of a series of policy 
nitiatives with the broad objective of improving the allocative efficiency of the 
conomic system, and improving the competitive positioning of the country for export
ed growth. 

Prior to 1984, the country operated under a myriad of industrial regulations. The 
overnment itself was the owner-operator of significant enterprises. Inevitably 
onflicts of interest arose between its role as policy-maker and its commercial 
ctivities. Subsidies to certain sectors, and barriers to trade in others, created a 
amplex investment climate which contributed to low rates of economic growth over 
lany years, and lack of responsiveness to change in world markets. A series of 
ucroeconomic reforms were introduced over a 3-year period. Nearly every sector of the 
:onomy has had to adjust to the new environment introduced since 1984. Policy 
litiatives included: 

Currency devaluation followed by full floatation of the exchange rate. 
Freeing up of capital markets, removal of restrictions to entry in the banking sector. 
Progressive removal of industry subsidies and reduction of tariffs and import 
licensing. 

109 
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• Rapid implementation of a free trade agreement with Australia opening up a . 
market of some 16m people (some 5 times as large as the New Zealand domestic 
market). 

• A reduction in size of many government departments. 
• The introduction of wide ranging anti-competitive legislation, the 'Commerce Act'. ; 
• Introduction of fair trading legislation, the 'Fair Trading Act'. 
• Introduction of wide ranging consumption tax offset by reductions in personal \ 

taxation at all levels within the tax structure. 
• 'Deregulation' of industries by the removal of all price, profit and other controls. 
• The restructuring of government departments into state owned enterprises (SOEs). 

Corporations were established which were totally responsible for their own raising 
of capital, trading performance and strategic development. 

• The transfer in many cases of SOEs into private hands in order to raise cash and 
enable the retirement of official debt. 

• Labour market reform. 
• A refocusing of government priorities into health, social welfare and education. 

At the macroeconomic level, the objective has been to reduce the internal deficit and 
contain overseas debt and squeezing inflationary expectations by tight monetary , 
control. 

After such massive reforms over a very short time frame, the economy continues tc ' 
adjust. Unemployment has risen dramatically (about 7% of the workforce) and rea!, .* 
interest rates are some of the highest in the world (about 8% per annum). 

Economic growth per capita is low compared to other OECD countries. However 
inflation, a major target of macroeconomic policy, has been brought down tc. 
internationally competitive levels (about 5% per annum) but the internal and oversea! 
deficits remain persistently negative. It remains to be seen whether the current policy 
environment will be able to deliver the improvements in economic performance hopec , -
for. 

Change has not been easy for many individuals or firms. Politically, the approacl 
was high risk but with the probable change of government in the forthcoming elections 
few if any reversals in policy are likely over the next few years. 

Impact on the energy industry " 

Oil and gas 

The oil wholesale industry is represented by four international majors. All price ani . 
profit controls were removed. Regulations preventing ownership of retail outlets ani 
contracts with these customers were repealed. The downstream market is now totall 
deregulated and intensely competitive. 

At exploration and producer level, the government's trading interest comprised: 

• ownership of 50% interest in a large gas/condensate field; 
• purchaser off all the natural gas produced from this field; 
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• equity participation in a series of smaller on-shore developments; 
• ownership of a natural gas distribution system; 
• ownership of a 1200 tpd methanol plant (natural gas to methanol); 
• 75% ownership of a world scale synthetic fuel plant (a tolling operation converting 

natural gas owned by the government to motor gasoline via methanol which the 
government sold in the open market); and 

• 100% ownership of an ammonia-urea plant. 

Virtually all of the above were brought together under a single organisation — the 
Petroleum Corporation of New Zealand — subsequently floated on the New Zealand 
stock exchange, and later fully privatised by sale to a domestic firm. 

The downstream market for gas is expected to be deregulated shortly with the 
removal of exclusive area franchises for markets, thus permitting access by product 
from new developments (if any) and direct marketing to end consumers. 

Coal 

The government operated several coal mines in both main islands, with product 
destined for domestic and industrial markets and some electric power generation. Prior 
to corporatisation, the organisation responsible for coal mines was used for the purpose 
of assisting regional development (most of the resources were located in areas of low 
economic activity or potential). At the time of corporatisation, product stocks greatly 
exceeded levels required for commercial purposes. Since the Coal Corporation of New 
Zealand (wholly government-owned) was established, improved management 
performance, marketing in competition with other energy forms and considerable 
reductions in manpower have lead to the development of a much more efficient 
industry, sized according to need rather than want. Coalcorp has developed a 
significant export market for a very high grade coal from one of its mines. 

Electricity 

The development and ownership of New Zealand's electricity resources were 
previously managed as a trading division of a government department. The Electricity 
Corporation of New Zealand (Electricorp) was established in April 1987, taking over 
the major government owned assets in April 1988. 

In analysing its major business activities, Electricorp has established four major 
strategic business units: 

• DesignPowerBuild, which acquired the expertise in designing and building large 
scale generation and transmission systems, especially from hydro and geothermal 
sources; 

• Electricorp Production, involving the operation of hydro, geothermal and thermal 
stations; 
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• TransPower to manage the nationally operated grid system for bulk electricity 
supply; and 

• Electricorp Marketing for the supply of power to local area utilities, to buy-back ," 
power generated privately (such as co-generation systems) and promotion and sales 
in competition with other energy forms. 

Further restructuring is planned, involving the establishment of TransPower as an 
independent company to provide for more transparence in electricity supply, and to 
establish local utilities as limited liability companies with removal of exclusive 
franchise rights. 

Impact of policy change 

As a consequence of the reform process, the country now has wide ranging and intense 
competition on a multi-product level. Open competition exists between energy forms 
and within sectors, leading over time, to a more efficient allocation of resources, lower!' 
costs to users at large and an improved competitive position on world markets for goods 
and services produced in New Zealand. 

ENERGY SUPPLY A N D D E M A N D ISSUES IN NEW ZEALAND 

Oil and gas 

Prior to 1979, New Zealand was dependent on imported oil for 90% of its hydrocarbon . 
demand, with domestic resources limited to just one small-scale gas/condensate field. 
Exploration in the decade previously had led to the discovery of a much larger 
offshore gas/condensate field which was subsequently developed and brought onstream 
in 1979. With rapidly rising oil prices during the 1970s, stablising gas demand for 
electricity generation and huge gas availabilities, the government of the day foresaw -
the need to rapidly develop other uses for the gas from this field. In order to protect. 
the country from the threat of oil shortages and to reduce its reliance and exposure to 
the effects of world events on transport fuels, several initiatives were commenced. 
Leading up to 1984 at the instigation of the New Zealand government and with its 
direct financial input: 

• New Zealand's only oil refinery was expanded and sophisticated hydrocracking 
upgrading capacity installed; 

• the world's first gas to gasoline synthetic fuel plant was established (using Mobil's 
zeolite process) to produce a full range lead free motor spirit substituting for. 
imports; 

• a world scale stand alone chemical grade methanol plant was built for export5 

production (thus generating foreign exchange and permitting recovery of additional 
condensates from the gas stream at the well head); 
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• an ammonia/urea plant using natural gas was built to supply domestic and overseas 
markets; 

• a market for CNG powered vehicles was created with the assistance of government 
subsidies to aid the establishment of a series of compressor stations and the 
provision of subsidies for consumers to convert vehicles; 

• a market for LPG was established, again with development and consumer subsidies 
to encourage market development in the automotive sector; 

» conservation was encouraged, for example, through progressive sales taxes on larger 
capacity car engines (since abandoned); 

• natural gas was widely reticulated throughout the North Island, reaching the 
majority of industrial and commercial users and many domestic consumers, 
substituting for oil based products; and 

> exploration and development for additional hydrocarbon resources was encouraged 
through a favourable taxation regime (since repealed). 

With low oil prices over the period 1986-90, the economics of many of these 
iwestments have been extremely questionable. With current oil prices, however, and 
tiuch uncertainty in the Middle East, these investments may now be seen more 
lositively. 

New Zealand's net dependence on imported oil has declined (see Figure 9.1) while 
ie contribution of indigenous oil and gas to primary energy has increased (see Figure 
.2). 
In aggregate oil and gas reserves total 5100 PJ, giving on average 20 years of 

onsumption at present rates. , There is only limited exploration activity being 
ndertaken at present. 

!oal/wood 

roduction of coal has remained steady at around 60 PJs per annum, with the majority 
esignated for industrial markets, exports and electricity generation (Table 9.1). In 
idition to the above, some 20.7 PJs per annum from wood resources is consumed in 
idustrial and domestic markets. 

lectricity 

ew Zealand has well developed hydro and geothermal electricity resources, 
ipplemented by gas and some coal fired thermal capacity. Additional hydro capacity 
due to become available shortly (8.3 PJs per annum) and potential additional 

parity may be developed in the future (Table 9.2). 
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SUMMARY 

Richly endowed with natural energy resources, New Zealand is presently more thar 
85% self sufficient in all primary energy forms. 

However, a major longer term issue exists concerning replacement fuels for domestic, 
oil and gas reserves (especially in transport fuels) which at present rates o: 
consumption will be depleted around 2010. Supply of other energy forms is relatively 
secure for some time ahead. Options include: 

• increased exploration, resulting in the successful development of additional oil anc 
gas reserves, yet to be discovered; 

• enhanced oil field recovery techniques leading to extended field life; 
• importation from world markets of LNG, and other liquid hydrocarbons fo 

reticulation and transport use respectively; 
• development of coal reserves with transformation to liquid fuels, gas or electricit; 

generation; 
• extensive use of coal as an industrial/commercial fuel; 
• extensive conservation which results in net fuels saving as a response to pric 

increases; 
• development of remaining hydro and geothermal electricity resources; > 
• biomass (such as wood) taking a more prominent role in the energy balance; and 
• the development of nuclear energy. 

All of the above options require a policy environment which will permit large-seal 
and high risk investment, balance the need for energy with environmental concerns, an 
address land use issues and resource management factors against alternatives. 

Careful evaluation of the options is of national strategic importance and will lay 
foundation for the country's future economic performance. The horizon ahead i 
relatively short. 

Table 9.1 Coal production and consumption, 1989 

PJs Percentage 

Production 63.43 100 
Exports 14.14 22 
Electricity 7.77 12 
Industrial/commercial 33.83 53 
Domestic 2.92 5 
Other/losses 4.66 8 

Note: Total coal resources are estimated at 165,000 PJs. 
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Table 9.2 Sources of electricity generation, 1990 

PJs Percentage 

Hydro (56 plants) 75.0 72 
Geothermal (2 plants) 6.5 6 
Thermal (7 plants) 22.9 22 
(Coal/gas oil) 

Total 104.4 100 

Sources: Ministry of Commerce, Energy Data File, July 1990; Electricity Corporation 
of NZ, Annual Report, 1990. 
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Figure 9.1 Oil supply and demand 
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10 Natural gas markets and 
investment prospects in the Asia-
Pacific region 
WAN LEONG FEE 

ABSTRACT 

Dynamic economic growth in the Asia-Pacific in the 1990s presents 
significant potential for natural gas investments as domestic gas utilisation 
widens the regional markets for natural gas production and trade. A new 
era for petrochemical development in the region provides added 
opportunities for natural gas investments. 

This paper analyses the changing structure in the energy markets in the 
Asia-Pacific region and the investment prospects for natural gas as the 
ASEAN economies take a serious look at the likely economic benefits and 
costs of the ambitious TransASEAN gas grid. A broad review of natural gas 
development projects in the region — the Pan-Peninsular Gas Utilisation 
(PGU) project in Malaysia, the integrated gas grid for Java, the pipeline 
linking Bangkok to the Erawan fields in Thailand, and the recently 
completed Northwest Shelf project in Australia —reveals the tremendous 
economic opportunities and challenges in developing the natural gas 
industry for domestic energy requirements and LNG trade. Domestic gas 
utilisation has become an inevitable alternative to the fiercely 
competitive and increasingly less attractive LNG trade, depending as it 
does on a few major players dominated by Japan and, of late, the entry of 
Korea and Taiwan. 

Uncertainty in world oil markets and the region's rising energy 
consumption accompanying fast rates of economic growth will feature as the 
major factors in the pricing of natural gas. However, the limited size of 
domestic markets in the gas producing countries of ASEAN implies that gas 
utilisation must rely on the economies of scale from a wider regional 
market. The prospects of natural gas investments will be enhanced by 
greater economic cooperation in gas development planning and utilisation. 
While joint development in the disputed national boundary areas between 
Thailand and Malaysia, Australia and Indonesia marks the beginning of 
greater regional cooperation in energy investments, the development of a 
wilder regional market for gas must await the reality of a TransASEAN 
gas grid. 

121 
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The paper concludes that the region's dependence on the Middle-East for 

energy will be considerably reduced in its strategies to accelerate the 
development and utilisation of natural gas as the least-cost option to oil. 
Energy security will be further enhanced by the economic benefits of a 
TransASEAN gas grid. 

Buoyant economic growth, rising energy consumption and structural changes in the 
energy sector in the Asia-Pacific region have enhanced the prospects of region-wide 
energy investments. The impact of the two oil price shocks in the early 1970s and the 
beginning of 1980, followed by the oil price slump in the mid-1980s, have insulated the 
region somewhat from the current third oil price shock consequent upon the Gulf crisis 
As world crude oil prices escalate from US$20 per barrel in early August to US$40 per 
barrel this October (1990), the region's energy diversification from oil to gas, coal anc 
hydro has reaped an unexpected pay-off. Long-term natural gas investments in thr. 
development of a regional gas grid looks more promising as oil prices keep rising. 

This paper analyses the growing natural gas markets in response to rising energj 
consumption, a slow down in oil reserves discovery, and accelerated development in th( 
domestic gas sector as an alternative to LNG export. The economic prospects of ; 
regional gas grid assume a more positive outlook as the region enters the gas era in th 
1990s. 

E C O N O M I C GROWTH A N D STRUCTURAL C H A N G E S IN TH1 
ENERGY SECTOR 

The Asia-Pacific region has enjoyed robust GDP growth, averaging 4% per annum fc 
the period 1985-87 (Table 10.1). Primary energy demand under continued populatio *, 
growth at 1.2% per annum grew at the same rate as GDP. A slow down in economi y 

expansion is expected in the region of 0.5-2%, depending on the duration of the Gu • . 
crisis. 

Buoyant oil demand growth was observed in several countries for the period 1985-8 
(Petroleum Economics Ltd., 1988): 

• the Philippines (9% per annum) as the economy recovered under the Aquin 
government; and 

• Singapore (17% per annum), Thailand (6% per annum), South Korea (8.5% pi 
annum), the People's Republic of China (6% per annum) and Taiwan (5% pi 
annum), all of which have high GDP growth rates. 

Countries which have lower than average growth in oil demand include: 

• Malaysia (1% per annum in oil demand reduction) and Australia, which has i 
change in demand; 

• Hong Kong (3% per annum), with almost stationary end use demand; and 
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• Japan (1% per annum), which has achieved greater use efficiency and lower 

demand growth. 

During the latter part of the 1980s oil consumption in the Asia-Pacific region has 
been growing at about 7% including Japan and 5-7% excluding Japan. It is expected that 
by 2000 the region's oil demand is likely to increase by 3.5 million barrels of oil per day 
(bopd) from 12.5 million bopd to 16 million bopd, an increase of 28%. Total oil 
production in the region is likely to increase to 6.5 million bopd. This will push the 
region's imports from the Arabian Gulf to 9.5 million bopd, a 70% increase (PetroMin, 
July 1990). 

Rapid changes in the energy sector are shaping the region's energy industry towards 
a more diversified structure, an increasing reliance on gas and coal, while oil will 

•},-. remain important in the energy mix. Major factors contributing to structural changes in 
.,'/:'' the energy sector can be identified as follows: 

;•<'. > Significant oil and gas discoveries in the 1980s and the recent recovery in oil and 
/.' gas exploration in the region. Australia, Papua New Guinea, Brunei, Malaysia, 

Thailand, Vietnam and China have led to the resurgence in the petroleum sector, 
'\ boosted by attractive revisions in the terms of Production Sharing Contracts (PSCs) 

/ in Indonesia, Malaysia, Philippines and Thailand. 
\ '•; » Worldwide demand for light petroleum products and the rising concern of supply 

disruptions from the Gulf created greater refining and processing problems in the 
Asia-Pacific region. A study by the Institute of Energy Economics of Japan reveals 
that oil product demand in the Asia-Pacific region will increase to 17.5 million b /d 
by 1995 and nearly 20 million b /d by 2000 from 14 million b /d in 1988, an increase of 
43% over a period of 12 years. Against an estimated 2.1 million b /d of new refining 
capacity expected to come on-stream in the Asian region by 1995 (Asian Oil & Gas, 
September 1990), the region's supply capacity is likely to fall short of demand by 
1.5 million b/d. 
Massive investments have to be injected into the region's refining sector in the 1990s 
to meet the rising demand for refining products as increasing environmental 
awareness has accelerated the trend towards a whiter barrel. In ASEAN, the 
refining capacity of Singapore, the Philippines and Brunei is estimated at 1.1 

, million b/d , 300,000 b /d , and 10,000 b / d respectively. Indonesia has pushed 
forward its export-oriented refineries with a total capacity of 605,000 b /d . 
Malaysia is implementing the US$1.2 billion, 120,000 b /d Malacca refinery and six 
petrochemical projects at an estimated US$1 billion which are expected to come on-
stream by 1992. South Korea, in planning to expand its refining capacity by about 
50% from 840,000 b /d to 1.24 million b /d by 1992, is expected to overtake Singapore 
as the third largest refining centre in the Far East, after China and Japan 
(PetroMin, July 1990). 
Energy diversification policies in the 1980s have led to significant development of 

, indigenous energy resources, notably gas, coal, hydro and geo thermal and 
improvements in energy efficiency. This has reduced the region's dependence on 
imported oil, particularly in Hong Kong, Taiwan, Thailand, South Korea and the 
Philippines, with Singapore as the only exception. Reduction in the share of crude 

•J 
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oil in total energy supply is likely to reduce the impact of costlier oil in the recent 
Gulf crisis on Asian economies (Merril Lynch, The Business Times, 1 October, 1990). 

• The Asia-Pacific region will be less dependent on Japan and the West on. 
petrochemicals in the 1990s as petrochemical development has become an-
important strategy in the region's industrialisation program. Asian producers 
contribute 17% of all plastics produced, 15% of all rubber and 34% of all fibres. The 
abundant gas reserves in Indonesia and Malaysia enhance their position as low cost 
producers, compared to China and India which are large users suffering from 
shortages in refining feedstocks, low per capita consumption and high capital costs 
(Vergara and Babelon, 1990). Excessive investments by national and international 
companies have raised concern of oversupply in the mid-1990s. 

Petroleum production trend 

Projections of oil production (Petroleum Economics Ltd, 1988; Clarke, 1990) in the Asia' 
Pacific region reveals several significant trends (Table 10.2): 

• Oil production will continue to increase until the mid-1990s as production increase; . 
are expected in the People's Republic of China, Malaysia and the United State: 
West Coast (Alaska). 

• Oil production in the ASEAN economies is expected to decline in the last half o / 
the decade unless the current boom in oil-gas exploration reverses the situation. Thi 
ASEAN oil surplus will hold at 7% over 1990-95, while non-ASEAN Pacific wil 
incur larger deficits and will have to rely on Gulf imports (Clarke, 1990). -

• West Coast production will exhibit a declining trend in the early 1990s, magnifi© 
by declining output in Australia. 

• Increase in oil production in China and India can be expected throughout the perioc 
• Indo-China oil production will pick up via the ASEAN trading network i 

Thailand. A net export position is forecast for both Burma and Vietnam in 2000. O 
prospects appear to be brightest in Vietnam (Clarke, 1990). 

High depletion rates (an average of 4.8% in the Asia-Pacific region in 19? , 
compared with 1.1% in OPEC and 2.4% for the world as a whole) and the smaller sis , 
of new discoveries are raising problems in maintaining oil production in the Asi. 
Pacific region. Indonesia is striving to maintain the previous peak productic 
Australia's slow down in offshore production is due to low discoveries and the high c 
finding costs which have escalated from US$1.50 per barrel to more than US$8.00 p 
barrel (in 1989 dollars; PetroMin, April 1990, p.21). Only Malaysia and India sho, 
brighter prospects in off-shore production in year 2000. 

Gas reserves in the Asia-Pacific have shown rapid increase in the last two decadf 
from 124 trillion cubic feet (tcf) in 1982 to 192 tcf in 1989 (Table 10.3) compared to 53 f 
in 1969. This rapid expansion in gas reserves is an important factor in the recent enerj 
diversification from oil to gas, despite the limited domestic gas markets, and t 
relatively low level of exploration. Various estimates on the region's gas reserV ; 
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(Hendricks, Mobil, IGT, DOE and MIT, 1986) suggest that the potential of undiscovered 
gas reserves can be twice as much as the current reserve estimates. 

Natural gas markets 

•','•'.. .World oil demand is projected to increase from 52 million barrels per day (mbpd) to 60 
','$' mbpd between 1989 and 2000. The Pacific Rim, notably Japan and Northeast Asia, 
V constitutes the key growth area. Rising energy demand, fast economic growth and the 
; v /prospects of escalating oil prices favour the growth in natural gas demand. Potern and 
i.': Partners (1990) has projected that natural gas trade in the Far East will nearly double 
• from 33 million tonnes in 1988 to 63 million tonnes in 2000. Japan's LNG imports, 
;," estimated at 33 million tonnes in 1989 will increase to 48 million tonnes by 2000. 
7 Significant gas imports are projected in the newly industrialised countries. South Korea 
>',f' will increase its LNG imports from 2 million tonnes at present to 7 million tonnes by 
- 2000. Taiwan's current contract of 1.5 million tonnes of LNG imports is also expected to 

increase to 5 million tonnes per year by 2000 (PetroMin, April 1990). Singapore has 
concluded a gas agreement in 1988 to purchase 150 mmscfd of natural gas from Malaysia 
and is negotiating to buy gas from Indonesia's Natuna fields for power generation. 

Natural gas in the Asia-Pacific region is projected to increase by about 1 million 
carrels per day of oil equivalent (mbode) from 2.4 mbode or 2.2 TCF in 1987 to 3.4 mbode 
6.8 TCF) by 1995 (Table 10.4), according to the Cambridge Energy Research Associates 
nc. (1989). A comparison of the oil and gas reserves in the region shows that oil 
jroduction is slightly more than twice that of gas production. Gas reserves to 
>roduction are estimated at 60-70 years, in comparison to 10 years for oil reserve to 
>roduction ratio. 

, investment prospects for regional gas development 

"he abundant gas reserves in ASEAN — Indonesia, Malaysia, Thailand, Brunei and 
ne potential gas discovery in IndoChina — as well as the coming on-stream of the 
Torthwest Shelf project in Australia will benefit from the growing LNG trade in the 
acific. The erosion of LNG prices in the 1986 oil price slump has led to a rethinking on 
\e policy option of domestic gas utilisation in power generation, industrial and 
omestic uses. Domestic gas utilisation is constrained by the limited gas markets, the 
igh costs of processing and transporting gas from remote gas fields to large urban 
mtres. To overcome these constraints, domestic gas utilisation must rely on the 
:onomies of scale that can be derived from a regional gas grid. 
The trend of regional gas investments is emerging in the region. In 1988 the ASEAN 
ouncil On Petroleum (ASCOPE) agreed to look into the development of an 8,000 km 
-ansASEAN gas line (Map 10.1) for the ASEAN gas sector (Colitti, 1990). The 
•oposed gas grid plans to link up the natural gas producing areas in the Gulf of 
lailand, North Sumatra, Kalimantan, Sarawak and Brunei to major natural gas 
arkets in Thailand, Peninsular Malaysia, Singapore, the islands of Sumatra and 
va, and Brunei and the Luzon island in the Philippines. At an estimated investment 
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cost of US$10 billion, the TransASEAN gas grid is designed to supply 30 billion cubic 
metres (BCM) of natural gas per year over a period of 20 years. Investment cost per cubic 
metre of gas transported is estimated at US$0.0166/cubic metre which is equivalent to 
about US$0.5/million BTU. The TransASEAN gas grid is expected to be completed by , 
the end of 1990. . 

The economic rationale for a TransASEAN gas grid has to be analysed in terms of the ' 
economic costs and benefits for regional utilisation of natural gas as an alternative to 
LNG export. The TransASEAN forms part of the existing and planned pipelines — the*. 
US$885 million 730km Pan-Peninsular Gas Utilisation (PGU) in Malaysia, the, ~ 
pipeline from the Erawan fields in the Gulf of Thailand, and the proposed Java gas 
grid in Indonesia. Regional gas development strategy within a long-term perspective' • 
must appraise the optimal depletion of the gas reserves as well as the likely welfare 
effects of gains and losses among the gas-rich versus the gas-deficient ASEAN member . 
countries. 

In the same vein, the proposed US$11.7 billion 2,300km gas pipeline from Iran to 
Pakistan and India to replace imported oil, and the proposed gas pipeline from the ' 
Soviet Union to South Korea augur well for the tremendous investment opportunities in 
gas infrastructure development. Many issues remain relating to the pricing of natural 
gas, and the extent of regulations on gas production, transportation and distribution," 
The role of the private sector and the national oil companies in the financing ol 
ambitious gas infrastructure development are of crucial importance in expanding the 
growing natural gas markets in the Asia-Pacific region. 

CONCLUDING REMARKS 

The oil markets in the Asia-Pacific region have been gradually eroded by the. 
emergence of natural gas as an alternative fuel to satisfy the rising energy consumptioi 
of both the mature and the newly industrialising economies of Northeast Asia — Japar 
Korea, Taiwan and Hong Kong; and of the ASEAN countries — Thailand, Indonesia 
Malaysia, the Philippines and Singapore. 

Although indications are that the petroleum product imbalance in the Asia-Pacifi 
region will be worsening in the 1990s as refining investments fail to keep pace witf 
demand, energy diversification policies in the 1980s have enhanced the competitiv<. 
position of natural gas as a substitute for oil. 

The region's dependence on Middle-East oil will be considerably reduced in its long 
term strategies to accelerate the development and utilisation of natural gas as th 
least-cost option to oil. Energy security will be further enhanced by the economi 
benefits of a TransASEAN gas grid, and the opportunities of natural gas investments. 
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Table 10.1 GDP growth In the Asia-Pacific region 
127 

Country GDP growth 
(% per annum) 

1985-87 1987-19! 

Japan 3.5 3.0 

Indonesia 2.2 2.5 

Malaysia 2.0 4.5 

Philippines 2.8 3.5 

Singapore 5.0 4.0 

Thailand 4.4 5.0 

South Korea 10.9 7.0 

Taiwan 10.9 6.5 

Hong Kong 12.4 6.0 

India 4.8 3.5 

Pakistan 7.3 6.0 

Australia 3.5 3.0 

New Zealand 0.3 2.5 

Total Asia-Pacific3 4.1 3.5 

a Excluding the People's Republic of China and the West Coast of the United States. 

Petroleum Economics Ltd (1988). 



128 LIQUIFIED NATURAL GAS: 
Table 10.2 Asia-Pacific oil production, 1986-2000 ('000 b/d) 

1986 1990 1995 2000 

ASEAN 2,115 2,240 2,455 2,255 

Brunei 165 150 180 170 

Indonesia 1,390 1,440 1,460 1,350 

Malaysia 503 590 720 660 

Philippines 7 12 30 25 

Thailand 50 48 65 50 

IndoChina - 70 150 250 

China 2,602 2,800 3,100 

Other Far East 15 22 15 

Far East 2,617 2,822 3,115 

India 656 680 700 

Other South 
Asia 

42 55 65 

South Asia 698 735 765 

Australia/ 
New Zealand/ 
Pacific Islands 609 640 495 

US West Coast 3,029 3,170 2,820 

Asia-Pacific 9,093 9,774 9,637 

Sources: Petroleum Economics Ltd (1988); Clarke (1990, pp. 70-7). 
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Table 10.3 Gas reserves in the Asia-Pacific region, 1982-89 

Production Reserves Reserves/ 
(BCF) (TCF) production 

1982 1988 1982 1988 1982 1988 

Australia 416 544 17.8 16.6 42.7 30.5 

Brunei 342 723 6.8 11.6 19.9 16.1 

Indonesia 569 1223 29.6 83.6 52.0 68.3 

Japan 80 71 0.7 1.4 9.0 19.8 

Malaysia 37 465 34.0 51.7 918.9 111.0 

New Zealand 101 189 5.5 5.1 54.9 27.2 

Pakistan 315 442 18.5 17.7 58.8 40.0 

Taiwan 60 - 0.6 0.9 0.1 na 

Thailand 47 195 9.9 3.9 210.6 20.0 

Total 1,967 3,852 123.4 192.5 63.0 50.0 

'ources: Oil & Gas Journal (various issues); Petroconsultants sa.(1989). 

Table 10.4 Oil and natural gas share of total energy use in Asia ('000 barrels per day of oil 
equivalent) 

1980 1985 1988 1995 

las 1,281 1,999 2,482 3,428 
'il 10,756 10,678 12,448 15,776 
hare of total 
nergy (%) 
3as 5.3 6.8 7.5 7.5 
Oil 49.4 36.5 37.4 34.3 
3sidual fuel a l ^ 83 8J 7.1 

He: a Excluding marine bunkers. 

urce: Cambridge Energy Research Associates Inc. (1989). 
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11 Impact of Australian greenhouse 
targets on the use of gas in power 
generation 
BOB FOSTER 

On 11 October 1990 the Australian government announced the target of a 20% reduction 
in greenhouse gas emissions by 2005. This target is for greenhouse gases in general, 
unlike the more specific Toronto target for C 0 2 emissions from the use of fossil fuels, and 
it is subject to review in October 1991. Although the target is qualified with regard to 
its impact on the national economy and Australia's trade competitiveness, its 
introduction remains a major initiative (see Appendix for the Cabinet minute). 

The Australian Institute of Petroleum (AIP, 'The Greenhouse Effect', July 1989) 
identifies the options for reducing the output of CO2 from the combustion of fossil fuels. 
The AIP assumes a base case where Australia's CO2 output will grow from 275 million 
tonnes (MT) in 1988 to some 470 MT in 2010. The major corrective actions it sees as 
economically feasible relate to the use of gas for power generation, and to the 
improvement of vehicle efficiency. These two initiatives would limit Australia's CO2 
output to 370 MT in 2010 — still well short of the Toronto target of 220 MT in 2005 
(Figure 11.1). 

The AIP estimates that by 2010 coal combustion in power stations could produce 60% 
of our CO2 emissions. If instead by then half of Australia's power stations were gas 

, fired, projected CO2 emissions could be reduced in 2010 by 15% or 70 MT. The AIP 
assumes that new cars will be 30% more fuel efficient by 2010; and if fleet efficiency can 
be improved by another 30%, then another 7% or 30 MT of CO2 emissions can be 
prevented. 

The Australian Gas Association (AGA, 'Gas Supply and Demand Study: 
Opportunities for Gas in Electricity Generation', October 1990) presents a more rigorous 
analysis of the impact natural gas (assumed generating capacity: 50% coal, 30% gas 
turbines and 20% gas combined cycle) could have on power generation. The AGA study 

•;; estimates that in the year 2010, the C 0 2 output of the NSW and Victorian generating 
X ; systems alone could be reduced by 21% or 27 MT over a coal-fired base case. In addition, 
<f the generating systems would enjoy substantially reduced capital needs as well as 
j[f lower power costs (Figures 11.2 and 11.3 give data for Victoria). 
; ; ' The likely future cost of CO2 abatement measures has been the subject of much 
'. contention in Australia. Two studies endeavoured to quantify the economic impact on 

;, Australia as a whole of achieving the Toronto target. 
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In September 1989, the CRA released a study 1 that estimates the present value of 
the cumulative net cost by 2005 in today's dollars as A$18.6 to 31.7 billion, depending on -
the discount rate. This was followed in February 1990 by a report^ prepared for the 
Federal Department of Arts, Sport, the Environment, Tourism and Territories ", 
(DASETT) which presupposes a base case in which CO2 emissions increase 150% from , 
280 MT in 1988 to 710 MT in 2005. The report goes on to estimate savings at an annual 
rate of $65 billion in 2005 from achieving a reduction in CO2 output to 228 MT — some 
19% below the 1988 level. - • 

Granted that both sets of consultants qualify their findings as preliminary, the gulf • 
dividing them is still surprising. There are clearly wide differences in basic 
assumptions and methodology; and hence much scope exists for misunderstanding and, 
unless resolved, for mistaken decisions and misguided policies. ' 

The DASETT study says its calculated savings 'make it clear that if we fail to act on 
the. greenhouse effect, we are missing a singular opportunity for economic gain'. The - • 
CRA study, in essence, says the opposite. It is vital that this gap in understanding be , 
bridged. 

A further study 3 that only considered Victoria was released in May 1990. It 
identified possible energy cost savings of 1988 $A4.7 billion annually by 2005 in that 
State alone from meeting the Toronto target. 

The Federal government will ask the Industries Commission to report on the costs and 
benefits to Australian industry of a 20% reduction in greenhouse gases. One hopes this 
study will include a rigorous and disinterested analysis of power generation options. 
Power generation in Australia is almost entirely in the hands of state-owned. 
instrumentalities within the individual States. Although State governments are well . 
aware of the potential global warming issue, no recent commitment to large-scale use of 
natural gas for power generation has taken place. • 

In fact, there has been considerable local pressure within some States for the 
continued construction of large coal-fired base-load generation units. The result has., 
been a lack of load-matching flexibility in State systems; and this has been redressed 
through demand management initiatives to re-shape demand so it more closely 
matches supply. These initiatives have tended to reduce the penetration of gas and . 
solar into the end-use energy market. 

The Industries Commission may confirm the claim of AIP and AGA that it is, . 
economically attractive to increase the use of natural gas in power generation, and . 
hence secure the reduced CO2 emissions that gas-fired power generation can offer. If so, 
this knowledge could assist the States to overcome intra-state pressures for the 

"The feasibility and implications for Australia of the adoption of the Toronto proposal for 
carbon dioxide emissions' by Marks and Swan (AGSM), McLennan and Schodde 
(McLennan Magasanik), and Dixon and Johnson (Institute of Applied Economic and ' 
Social Research). 
'A Greenhouse Energy Strategy: Sustainable Energy Development for Australia' by Deni -
Crecne Consulting Services. 
'Efficient renewable energy scenario study for Victoria' prepared by the National Institute 
of Economic and Industry Research for the Renewable Energy Authority of Victoria. 
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continued construction of power stations fired by local coal in preference to natural gas 
which may ultimately have to come from interstate. 

Uncommitted gas already connected by pipeline to major consumption centres would 
be an early beneficiary of a change in the power station construction policy of State 
electricity authorities. If the gas prices calculated by AGA as competitive with 
coal-fired power generation are correct (Figure 11.4), it also appears that ultimately a 
gas pipeline across the continent will be justified. In this case, gas from off-shore North 
West Australia could have both export and domestic markets opening up beyond the 
.-urn of the century. 

VPPENDIX: CABINET MINUTE 

The Cabinet 

(a) noted that Australia has adopted a policy of phasing out CFCs and halons (a 
lass of greenhouse gases) by 1997, in advance of the Montreal Protocol which calls for a 
hase-out by the year 2000 

(b) agreed to adopt an interim planning target of stabilising emissions of greenhouse 
ases (e.g. carbon dioxide, methane and nitrous oxide) not controlled by the Montreal 

; rotocol on Ozone Depleting Substances, based on 1988 levels, by the year 2000, and 
>ducing these emissions by 20% by the year 2005 

(c) while recognising the need to restrict greenhouse gas emissions and to aim for a 
l% reduction, agreed that Australia will not proceed with the adoption of response 
easures which have net adverse economic impacts nationally or on Australia's trade 
mpetitiveness, in the absence of similar action by major greenhouse gas producing 
untries 

V; . (d) noted that Victoria, NSW and the ACT have already adopted a planning target 
'•$ reducing carbon dioxide emissions 20% below 1988 levels by the year 2005, and agreed 
]y. it the adoption of an interim national target should be subject to the agreement of 
'','{• '-.* States and Territories 

|e) agreed that the Industry Commission should prepare a report concerning the costs 
•;< i benefits for Australian industry of such an international consensus in favour of a 

/ 7o reduction in greenhouse gas emissions, Including new opportunities that could arise, 
';' I how Australia would best prepare itself to respond to those costs and benefits 

f) agreed that, in the context of finalising the Government's Ecologically 
tainable Development Strategy, the working groups report on options to: 

stabilise emissions of greenhouse gases not controlled by the Montreal Protocol on 
Ozone Depleting Substances, based on 1988 levels by the year 2000, and reducing 
these emissions by 20% by the year 2005, and 
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• the most cost-effective combination of measures available for reducing greenhouse 
gas emissions, and 

• noting that additional resources will be required by Departments and Working. 
Groups to support these additional activities 

(g) agreed that the appropriateness of the level of the interim planning target wilf 
be kept under review by Cabinet, with the first review by October 1991, pursuant tc" . 
additional scientific information and in the context of any international agreements 

(h) agreed to encourage the immediate adoption of emission reduction options anc 
that the more complex options should be considered in consultation with the relevan 
ecologically sustainable development working groups and with further cost-benefi 
studies as required 

(i) agreed that Australia is to continue its campaign for an international conventio! 
binding all countries to feasible and sustainable greenhouse gag emission reductions 
and that it will attempt to gain acceptance of the Toronto Target on carbon dioxide an> 
reductions of other greenhouse gases not controlled by the Montreal Protocol on Ozon. 
Depleting Substances by as many countries as possible at the Second World Climai 
Conference in Geneva and in subsequent international negotiations 

(j) noted the wide range of actions identified and implemented by tb 
Commonwealth, States and Territories and agreed to initiate a National Greenhous 
Response Strategy. As the first stages of this Strategy, agreed to: 

• place the matter on the agenda for the Special Premiers' conference for urge: 
consideration by the States and Territories 

• request Minister Kerin to report back to Cabinet within 14 days on a range . 
initiatives in the energy efficiency/energy management area that can 1 • 
implemented immediately to reduce energy demand and emissions using known ai >" 
available energy efficient technologies and energy management techniques 

• request Ministers Kerin, Beazley and Button to report back to SAC by the end ; -
1990 on recommended implementation measures identified by the Prime Ministe 
Working Group, in consultation with relevant Ministers. 
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Figure 11.1 Australian CO2 emissions 
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Figure 11.3 Generating cost of coal/gas mixes, Victoria, 2000-2030 
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Figure 11.4 Value of gas in power generation, Victoria, 2000-2030 
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12 Exploration opportunities off-shore 
North West Australia 
BOB FOSTER 

ABSTRACT 

In 1989, 28 exploration wells were drilled off-shore Australia including 17 
in the sedimentary basins of the North West continental shelf. This is an 
improvement on the 9 off-shore wildcats drilled Australia-wide in 1987, 
just after the 1986 world oil price collapse. 

Large gas discoveries were made off-shore North West Australia in the 
1970s, but only limited development has taken place because of the cost of 
bringing this remote gas to market. However, a series of oil discoveries 
through the 1980s, and the demonstrated economic and technical success of 
the sub-sea/floating development of these relatively small 
accumulations, has caused renewed interest in this vast but lightly 
explored area. 

The government's schedule of acreage release under the work program 
bidding system suggests that the level of exploration must rise over the 
next several years, as explorers drill their commitment wells. A total of 
about 40 off-shore wildcats Australia-wide is currently estimated for 
1990. 

The August 1990 Budget decision to broaden the deductibility of off
shore exploration expenditures will enable those companies with existing 
Resource Rent Tax (RRT) liabilities to bid more aggressive work programs 
for new acreage. Release of acreage in the Timor Gap zone of cooperation 
(with Indonesia) over the next several years will add further impetus to 
exploration on the North West continental shelf. 

Success in planned North West exploration could lead to continued 
drilling in excess of work program commitments — particularly by 
companies already paying RRT — and to further oil discoveries. 

Ultimately, rising energy prices and environmental pressures will 
increase the export opportunities for the region's undeveloped gas 
reserves. In addition, the Australian government's decision to adopt a 
greenhouse gas emission target could make a gas pipeline across the 
continent a reality by the end of the first decade of the next century. 
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AUSTRALIA — CONTINENT ADRIFT 

Australia is a cratonic block of ancient sediments floating in a sea of young igneous crust. 
Until the middle Mesozoic, Australia, India, South America and Antarctica ' 

comprised the southern super continent of Gondwana. Then, after a period of rifting / 
from the mid-Jurassic, India began to drift away to the north in the mid-Cretaceous 
about 100 million years ago (100 Ma) (see Map 12.1). 

At the start of the Tertiary (50 Ma) Australia also began to drift away to the north, -
and Australia, India and the intervening oceanic crust now form a single crustal plate 
(see Map 12.2). Opposite North West Australia, this plate is subducting under the ", 
Indonesian Archipelago at 7.7 centimetres a year. On the contrary, opposite North v -
East Australia, thrusting is producing a bow-wave in the form of the young mountains ol 
New Guinea. 

AUSTRALIAN PETROLEUM PROSPECTS 

The main on-shore sedimentary basins are old (the Palaeozoic Cooper and Canning), oi * 
if younger (the Mesozoic Eromanga), are shallow and relatively unstructured (see Mar 
12.3). Younger basins containing a thicker sedimentary section are found on the margin.1 ' 
of this old cratonic block. 

Based on very little drilling in many areas so far, the Bureau of Mineral Resource; 
(BMR) estimates a 5% probability that Australia has remaining oil resources of somi 
10 billion barrels. On a 50% probability basis, the BMR places off-shore most of the .' 
billion barrels of undiscovered oil; and over half of this oil is put by BMR in the off 
shore basins of the North West. 

AUSTRALIAN PRODUCTION HISTORY 

Australia's first large commercial oil field was discovered at Barrow Island in th : , 
Carnarvon Basin in 1964 and was followed by the discovery of much larger oil fields i 
the Gippsland Basin off-shore South East Australia in 1967-69. 

A series of large gas discoveries followed in the Carnarvon, Browse and Bonaparl 
Basins far from Australia's markets. No further substantial oil discoveries were mad 
outside Gippsland until Jabiru in the Timor Sea (Bonaparte Basin) in 1983. 

On the basis of fields already on steam or awaiting development, production of crud 
oil and condensate is as shown in Table 12.1. 

Most oil production is from off-shore basins, and was dominated by the Esso/BH.•••-
Gippsland fields for two decades. The balance is shifting now to the North Wes 
Start up of LNG shipments from the North West Shelf project in 1989 is causing 
similar shift for gas. 

AVAILABILITY OF ACREAGE 

The Commonwealth government has legal title outside enclosed (State) waters, ar 
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via the Petroleum Division, the Department of Primary Industries and Energy, 
recommends the award of off-shore exploration acreage. Awards are made by the 
Minister for Resources, Alan Griffiths. 

The Commonwealth conducts two acreage releases per year. Release 2 for 1990 is off
shore North West Australia in the South Carnarvon and Bonaparte Basins. Awards 
are expected shortly. 

Generally, acreage is secured by the best work program offered for the first three 
years of the five year periods with 50% relinquishment each time. Acreage near 
proven hydrocarbons may instead be offered for cash bidding. Here a single six year 
permit term applies. 

Lack of success, and the world oil price collapse, had a devastating impact on 
Australia's exploration effort over the second half of the 1980s. In 1987, only 9 
wildcats were drilled in the whole of the Australia off-shore. However, recent 
successes and now rising oil prices have rejuvenated exploration interest. A total of 
about 40 off-shore wildcats are expected for 1990. 

DESCRIPTION OF THE NORTH WEST 

The North West off-shore region runs some 1,600km from the vicinity of North West 
Cape in the south to meet the Arafura Sea north of Darwin. For scale comparison with 
the United States, if Tampa Florida were placed over Darwin, Brownsville Texas 
would be reached before the oil and gas fields of the northern Carnarvon Basin. 

The North West is very lightly explored — some 250 wildcats in about two decades. 
!n the Gulf of Mexico, by contrast, some 4,800 wildcats have been drilled since 1964. 

Most hydrocarbon discoveries made in the North West off-shore so far have been in 
he Mesozoic, and gas has predominated. 

3EOLOGY OF THE NORTH WEST 

geologically, the hydrocarbon traps of the North West are elongated tilted fault 
locks trending NW/SE and are associated structurally with the mid-Jurassic to mid-
jetaceous breading up of the Australia-India juxtaposition. 

Reservoirs are generally clean, with high-permeability Triassic and Jurassic sands 
f non-marine or marginal marine origin. 
Sources are often late Jurassic marine sediments accumulated in break-up related 

rabens that generated wet gas or very light, very low sulphur paraffinic crude oil. 
Seals are provided by impermeable beds above the close spaced region 

nconformities also associated with continental break-up. A thick sequence of late 
retaceous and Tertiary marine carbonates and elastics blankets the entire North West 
ff-shore province. 
No area in the United States can be offered as a useful analogue. 
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DEVELOPMENT HISTORY OF THE NORTH WEST 

Barrow Island oil field (Map 12.4) in the Carnarvon Basin was discovered by Wapet in 
1964 and brought on production in 1967. Some 700 production wells have been drilled 
since then, mainly to the early Cretaceous. Permeability is lower here than in the • 
more widespread Jurassic and Triassic reservoirs. 

Cumulative production to the end of 1989 was 236 MMb, and the production rate was 
down to 15 Mbd by then. Remaining reserves are 33 MMb at 90% probability (P90). *" 
Barrow Island remains the largest oilfield discovered in Australia outside the.' 
Gippsland Basin. 

In 1971-72 Woodside discovered the Map 12.of the Rankin Trend to the north of 
Barrow Island. The largest (North Rankin) was brought on stream in 1984 to supply the 
Perth market 1,500 km to the south, although LNG exports did not begin until 1989. 
North Rankin's remaining P90 reserves at end 1989 were 6.3 Tcf of gas and 114 MMb of 
condensate. 

The largest gas reserve is at Scott Reef in the Browse Basin, also discovered by 
Woodside at that time. On the basis of very little drilling, P90 reserves are put at 
more than 10 Tcf. No development is planned. 

A series of small off-shore oil discoveries were made by various operators during the, 
1980s in the Barrow Island region, the largest being Wapet's Saladin with P90 reserves 
of 82 MMb. It and a nearby development by BHP at Challis/Cassini are now producing. 
80 Mbd (Map 12.5). 

NORTH WEST DEVELOPMENT METHODS 

The development cost of the giant oilfields of the Gippsland Basin in 1969-71 was very 
low because of the large reserves per platform. But, as development moved to the smal . 
fields off-shore Barrow Island, per barrel development cost climbed. 

BHP's development of Jabiru was the pioneer in Australia for single buoy mooring o 
a tanker converted for separation and storage. Conditions are generally moderate ii.. 
the area, but a quick release system enables the tanker to disconnect and steam away oi , 
approach of a cyclone. Four sub-sea wells can be produced at a time, and the curren 
rate is some 50 Mbd. 

A somewhat similar system is employed by Marathon further south at Talismar 
where a single sub-sea well has produced at rates approaching 20 Mbd. ; -

A permanently moored production barge was used more recently by BHP at Challis ' 
where structural complications required a larger number of drainage points. Productio: 
is currently 25 Mbd 

In the Barrow Island region, a number of very small fields in shallow water hav-
been developed with above-water well heads and flow lines to separation and storag 
facilities on nearby islands. 

Where sub-sea well heads and floating production facilities can be usee 
development cost per barrel can be halved to say A$5/bl or less, cf. fields of simile 
size with well heads above the sea surface. 
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NORTH WEST DEVELOPMENT PLANS 
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Currently under development by Woodside with a conventional platform is Goodwyn 
gas field. Until the market calls for Goodwyn gas, field production will be recycled 
after stripping 80 Mbd of condensate. Goodwyn's initial P90 reserves are 3.8 Tcf of gas 
and 207 MMb of condensate. 

In the same area, promising discoveries were made by Woodside in 1989 and 1990 at 
Wanaea and Cossack respectively. The former is the largest oil field discovered in the 
region since Barrow Island, with likely reserves in the 100-200 MMb range; it appears 
to be a candidate for platform development. Cossack is only half the size, however, 
and could present an opportunity for use of a floating production facility. No decision 
has yet been made in either case. 

Further south, BHP's Griffin oil discovery appears to be of similar size to Cossack. 
Here too no development decision has been made, although sub-sea well heads and 
floating facilities seem appropriate. 

In the Timor Sea, 1,500 km to the north, a Jabiru-type development is proceeding at 
Skua. This small field (P90 reserves about 25 MMb) will be developed with one 
/ertical and two horizontal wells. 

RESOURCE RENT TAX 

vlajor changes were made in the August 25 Budget retroactive to July 1,1990. 
RRT now applies to all Australian off-shore (except Woodside's WAIP and WA28P, 

ind the Timor Gap joint development zone). 
Exploration cost can now be expensed against any RRT liability. This will improve 

he expected value of exploration ventures for companies already paying RRT. 
Exploration cost can be accumulated at the long-term bond rate + 15% (for 5 years) for 
uture expensing by companies not paying RRT yet. 

Development cost can only be expensed against RRT liability within a single project 
- as determined by government. Costs within the project area are accumulated at 
.TBR +5%. Development costs to the point of marketable products are allowable 
eductions; that is, no LNG plants. Cost of platform abandonment is deductible in 
alculation of RRT liability (and company tax). 

Once previous exploration and development costs (as uplifted) plus current costs are 
II expensed, RRT is triggered at a 40% rate. RRT is a deduction in calculation of 
Dmpany tax (a tax rate of 39%). The government take at the margin (including RRT 
nd company tax — there is no royalty) is 63% of realised price. 

1MOR GAP TREATY 

he treaty was signed on 11 December 1989 by Australia and Indonesia, and creates a 
we of cooperation (Map 12.6). It relates solely to the undefined boundary between 
ustralia and former Portuguese Timor; the boundary with Indonesia was already 
:ttled. 
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Zone A will be jointly administered. Zones B and C will be administered by 

Australia and Indonesia respectively. 
In Zone A, Indonesian-type production sharing contracts will apply, and revenue 

from these contracts will be split 50/50. Indonesian and Australian company tax will 
each be levied on half the pre-tax net revenue. 

Contracts in Zone A will be awarded on a work program bidding system. A Joint 
Authority with head office in Jakarta will administer the arrangements; and a 
Technical Directorate in Darwin will: 

• define contract areas; 
• initiate the bidding process; 
• assess bids; and 
• regulate exploration and production activities. 

Table 12.1 Australian oil production (MBD) 

Location 1975 1980 1985 1990 
(est.) 

1995 
(forecast) 

Gippsland 371 352 487 320 220 
NW Australia 35 25 25 190 250 
Off-shore total 406 377 512 510 470 
On-shore 2 3 64 60 30 
Australia total 408 380 576 570 500 
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Map 12.1 Mid-Cretaceous plates 

sis 
Map 12.2 Plates today 
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Map 12.3 
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Australia's sedimentary basins (areas for potential oil and gas discoveries) 
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Map 12.4 BHP Petroleum interests — Carnarvon and Dampier Basins 
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Map 12.5 BHP Petroleum interests — North West Australia 
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13 Global environmental issues and 
natural gas* 
TADAHIKO OHASHI 

GLOBAL ENVIRONMENTAL ISSUES TODAY 

Few problems are as hard to grasp and have commanded such widespread public 
interest in such a short period of time as global environmental issues. 

The issue of global warming first came into the limelight when abnormally high 
temperatures were experienced in the United States in the summer of 1988. More 
recently, great emphasis was placed on the necessity for 'environmental ethics' ir 
discussions at the 'Tokyo Conference on the Global Environment and Human Response 
Toward Sustainable Development' on 13 September 1989. Subsequently, "The Noordwijl< 
Declaration on Atmospheric Pollution and Climatic Change' stated that 'in the view 
of many industrialised nations such stabilisation of CO2 emissions should be achievec 
as a first step at the latest by the year 2000'. Discussion of this problem will, no doubt 
intensify toward late October of 1990, when the second World Climatic Conference is tc 
be held. 

Global environmental issues are, however, characterised by a curious invertec ' 
pyramid (Figure 13.1). With the conventional type of social issue, scientific knowledg( 
is established first, and then a social consensus builds until finally a political decisioi 
is made on the matter. 

The sequence is quite different with global environmental problems. Despite the fac 
that scientific opinion has not yet crystallised in many areas, as I will explain latei- • 
there are heated reactions to the issues in society and the mass media, triggering evei 
more extreme political reactions. This creates what can only be described as a tops; 
turvy situation. As a result, leading meteorological experts in the strict sense, of whon 
there are about forty in the United States, are kept so busy giving lectures am 
attending international conferences that they have little time left for their ow: • 
research work. 

Let us now review the scientific knowledge positioned in Figure 13.1. Only few den 
the scientific causal relationship between increases in CO2 emissions and a rise i' <• 
global atmospheric temperatures. The general consensus is that the global atmospheri 
temperature has risen 0.5°C since the industrial revolution. There is another opinio 
which asserts, however, that domestic atmospheric temperatures have not risen in th 

The views expressed in this report are the author's and do not represent the Tokyo G< 
Company, of which he is Director, in any way. 
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i United States, a country which possesses the most precise observatory devices and 
;•' \ records. This raises doubts as to whether or not atmospheric temperatures have 
;,' actually risen. Furthermore, human knowledge is at the present time woefully 

: ..inadequate in an extremely wide range of related areas, such as how, when, and to 
'•••.,' what degree this phenomenon would affect the various regions of the globe. This lack 
; . of knowledge is due in part to the fact that the study of global environmental issues has 
. , only advanced as a discipline since the introduction of satellites and supercomputers. 

In the process of establishing scientific opinions on the subject, it is worth considering 
the 'Gaia theory' advanced by J. Lovelock (the theory that the global eco-system 
possesses the capacity to preserve the environmental balance). If the atmospheric 
temperature rise triggered greater water evaporation and larger cloud formations, it is 
still not clear which would be the dominant influence — the clouds reflecting the 
sunlight, or those preventing heat radiation. The effects of atmospheric air convections 
in this situation are also unclear. Similarly, while they cover some 70 % of the earth's 
surface, we still do not have any definite idea of the action of the oceans on climatic 
changes — if and how they will absorb or release CO2 and the atmospheric 
temperatures. It is also necessary to consider the effects of the action of volcanos and 

;;•;'; sunspots as well as the changes in the tilt of the earth's axis on meteorological 
, conditions. In addition, the question as to whether the earth is moving towards another 

ice age or not cannot be ignored when considering environmental issues. S. Schneider of 
the National Centre for Atmospheric Research in Colorado holds that changes in 

• meteorological phenomena other than clouds, atmospheric convections and oceans 
-'' •' should be gauged in units of 10,000 years. Since the present global environmental 

problems are highly likely to arise over a short term of some decades to 100 years, he 
regards their value as factors for consideration as low (Global Warming, Sierra Club 

v. Books, 1989). 
We turn next to the social and political aspects of these environmental problems. In 

Japan, both the government and its people are somewhat sceptical about hastily 
introduced restrictions. The situation seems to be a little different, however, in western 
countries. In Europe and North America, as we saw previously, political decisions are 
moving ahead of scientific opinions and information. As long as politics is influenced 
even to a small extent by the sentiments of electorates, it is essential to ponder the 
reasons why environmental problems attract votes. 

The United States once enacted legislation prohibiting consumption of alcohol, and 
today leads the world in the protection of non-smokers' rights. There can be little doubt 
that these developments have their roots in the puritanism which forms the backbone 
of American culture. This puritanism underpins support for the activities of 
environmental protectionists. Among conservatives anxious to resurrect the good old 
America of the past, it has formed a powerful drive to restore the natural environment. 
These trends have accelerated the political currents within environmental issues. 

In Western Europe, as well, the Greens do not simply represent the views of one sector 
of society, but are rooted firmly in the naturalism that is widely shared by Europeans. 
Some are even of the opinion that restrictions on energy use will freeze the world 
economic balance, thus protecting Europe's slowly eroding position. 

In the Soviet Union, President Gorbachev was one of the first world leaders to focus 
on global environmental problems. Some interpret his actions as a means of seizing the 
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initiative in the sphere of international politics, and at the same time, of curtailing 
the tremendous waste of energy and keeping his perestroika campaign on track at 
home. 

If these viewpoints are correct, even though Japan is able to share the same 
objectives as America and Western Europe in restricting CO2 emissions, its motives for 
doing so might differ. Various discrepancies and divergences can, therefore, be expected 
to arise when trying to build an international consensus. 

MEASURES TO DEAL WITH GLOBAL ENVIRONMENTAL 
PROBLEMS 

When external costs are involved in dealing with global environmental problems, it is 
thought that the emission of pollutants could be restrained to an appropriate level by 
intersecting the marginal control cost (MCC) to be borne by the polluter with the 
marginal damage function (MDF), which refers to the social damage created by C 0 2 

(Figure 13.2). 
This is because where Q, which emanates from point B, the intersection of MCC and 

MDF, is the reduction in C 0 2 emissions, the differential (ABC) between the social gain 
(OABQ) obtained and the social cost (OCBQ) expended is maximised. This is known as 
'internalisation of externalities' in marketing failure theories. 

What, then, is the extent of the social cost as expressed by OCBQ in Figure 13.2. A. 
Marine and R. Richels estimate this total cost for the United States from now to the , 
year 2100 at $3.6 trillion in a pessimistic scenario, and $800 billion from an optimistic.' 
viewpoint (New York Times, 19 November 1989). These figures assume that C O ^ 
emissions will be frozen at 1990 levels until the year 2000, and gradually reduced by 20, 
% after that. In theory the social cost (OCBQ) constitutes the abatement cost and the 
adaptation cost (such as dyke construction costs). Therefore, it should be noted that the 
study above touches only upon the former cost. 

In addition, if, however, C 0 2 emissions are cut by 20 %, the resulting shortfall in 
energy supplies, the driving force behind economic growth, could reduce the annual 
worldwide economic growth rate to 1.3 %, according to calculations made by the 
Ministry of International Trade and Industry. Since the world economy has a potential 
growth rate of 2.9 %, it would additionally pay an enormous price equivalent to 1.6 % 
of GNP in this case. 

The following policies are necessary to sustain steady economic growth while 
dealing with environmental problems. 

As indicated above, there are still many areas in the relationship between CO2 
emissions and the greenhouse effect that are yet to be clarified. This suggests that the 
MDF should be revised downwards (or, in other words, environmental regulation 
standards eased) in proportion to the residual degree of uncertainty regarding that ' 
causal relationship, in order to minimise the negative influences on economic growth. 

Since the causal relationship between C 0 2 and the greenhouse effect cannot be 
denied, and the accumulation of CO z is irreversible due to its 500 year longevity, 
specific actions should be taken without delay. The most important of these is the. 
promotion of energy conservation. Energy conservation should not simply be viewed as a ' 



GLOBAL ENVIRONMENTAL ISSUES & NATURAL GAS 149 
passive, obligatory measure. It can be expected to yield a synergistic effect through 
such benefits as long-term stabilisation of energy supply and demand, reduction in 
commercial and domestic energy bills, and improved trade balance due to reductions in 
energy imports. 

Natural gas and nuclear power are characterised by relatively low CO2 emissions 
per effective calorific value. Increasing the utilisation of these and other renewable 
energies will not only result in a reduction of the greenhouse effect, will also serve to 
strengthen national security through the accompanying diversification of energy 
supply sources. 

In the following I would like to consider the new roles for natural gas in the light of 
the above considerations. 

;: MEW ROLES FOR NATURAL GAS 

n any country, energy policies should not be determined simply by environmental 
;onsiderations alone, but should be pursued with a proper balance among the following 

' hree basic objectives. The first is a stable supply of energy, which translates into the 
naintenance of the national security. The second is the improvement of the quality of 
•nergy utilisation, that is, raising quality levels. The third is achieving the preceding 
wo objectives at the lowest cost possible. In other words, energy policies should aim at 
he maximisation of S*Q/C (Security*Quality/Cost). 

How does natural gas rate with reference to these three objectives? With regard to 
ecurity, the expansion of natural gas utilisation in gas producing countries does not 
imply result in greater self-sufficiency but also allows those countries to cut oil imports 
r step up oil exports. The favourable effects of such actions on the domestic economy 
re immeasurable. Increased utilisation of natural gas in gas importing countries such as 
ipan contributes to the diversification of energy supply sources. Furthermore, natural 
as imports from the Asia-Pacific region allow an increase in 'pacific' energy supply. 
The question of natural gas supply reserves cannot be ignored when considering the 

jcurity aspects of energy. Proven reserves of natural gas throughout the world now 
)tal 112 trillion cubic metres. This amounts to 78 % of the total for oil reserves. In 
:cent years, however, they have been growing steadily, and the ultimate recoverable 
•serves are estimated at 300 trillion cubic metres. What is more, this figure does not 
iclude the as yet untapped potential of deep earth gas and methane hydrate. 
Turning next to quality, the exceptional properties of natural gas need scarcely be 

lentioned. Today specific measures are being discussed to deal with global 
ivironmental problems, and reductions in CO2 emissions have become a task for all 
ankind. Natural gas must be termed an outstanding energy source in this aspect as 
ell when it is remembered that its CO2 emissions per effective calorie unit are 30 % 
ss than those of oil and more than 40 % less than those of coal. The advantage of 
itural gas over oil and coal is greater when we take into account that the figures 
;low are measured in the laboratory and the actual energy efficiency of natural gas is 
gher than theoretical figures as natural gas emits far less soot than other fossil fuels 
ed in factories. Furthermore, natural gas is almost completely free of sulphur and 
trogen (Table 13.1). 

„ 
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The main component of natural gas is methane. Some assert that an increase in 

methane emissions will accelerate the greenhouse effect, estimating the greenhouse 
effect of one molecule of methane at 20 to 30 times that of one molecule of C 0 2 . This 
opinion however, has not yet been clearly elucidated. It has also been estimated that 
some two-thirds of the increase in methane is caused by human activity, such as the 
burning of vegetation and increases in livestock, rice paddies and urban waste rather 
than the natural gas industry. It should also be noted that the production of oil and 
coal inevitably release methane into the air as well. As the average atmospheric life 
of CO2 is estimated at 500 years, while that of methane is seven to ten years, methane 
does not create long term greenhouse effects (Figure 13.3). 

Natural gas is also highly versatile, and can be applied to a wide variety of energy 
utilisations. In the industrial, power generation and consumer sectors, energy utilisatior 
efficiency can be raised with new technologies such as co-generation, gas-engine-driver 
heat pumps and combined cycle power generation. CNG cars and methanol cars are 
opening up new demand fields. 

New technologies commercialised in recent years for the manufacture of oil product! 
from natural gas are creating more other new roles for natural gas. Diversifying 
applications of these new technologies will add still more impetus to upgrading energy 
utilisation, and by extension, to easing environmental problems. 

In summary, the relationship between variations in CO2 emissions and economii >' 
activity can be expressed as follows: 

CQ2 =Cp2 /Energy x Energy/GNP x GNP/Population x Population 
(1) (2) (3) (4) (5) 

It can be seen from the equation above that the keys for preventing an increase in CO , 
emissions (1) while at the same time increasing the GNP per capita (4), are reducin; 
the amount of CO2 released per unit of energy (2), increasing energy efficiency am 
reducing the amount of energy used per unit of GNP (3), and curtailing increases i 
population (5). 

This conclusion underscores the importance of the role of natural gas. Since th 
amount of CO2 it produces per unit of effective heat is 30% less than oil and more tha. 
40% less than coal, natural gas can make a major contribution to satisfying element (2). , 

Natural gas is also ideally suited for combined cycle power generation an 
cogeneration systems, and can therefore contribute to the improved energy efficieno ', 
required for element (3). 

And since there is a confirmed negative correlation between increasing electrificatio 
and rate of population growth, generating a larger proportion of electricity froi 
natural gas would help satisfy element (5). 

In the area of costs, natural gas is undeniably disadvantageous in comparison to o: 
This is because pipelines and LNG systems are required to transport gas, and these rai: 
fixed costs. At present, efforts are made to curtail production and transportation costs t • 
working gas fields that are best suited to domestic utilisation and export. In the futur 
however, supplies will have to be obtained from remote and higher-cost gas field 
Nevertheless, it is possible that the intervening years will see the development of ne 
technologies that will reduce costs significantly. And if oil prices rise in the future, ti • 
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ratio of fixed costs will be reduced in relative terms, enhancing the economic merit of 
natural gas. 

The above overall evaluation reveals natural gas to be an extremely important 
energy in any nation's energy policies. To date, natural gas has been viewed simply as 
an energy alternative to oil, but is now developing into a basic energy source with 
amplified roles to play. 

On 30 May 1989, the IE A Governing Board at Ministerial Level unveiled a strategy 
stressing a 'greater use of natural gas from diversified sources' as an integral part of its 
'policies to deal with future challenge'. This may, indeed, be termed as a most timely 
and appropriate policy objective that should clearly be reflected in Japan's energy 
policy. 

CONCLUSION 

At the foundation of today's economic systems in both the free and communist countries 
is modern rationalism, which can be traced to Descartes. Modern rationalism sees 
material goods as things to be exploited for the satisfaction of human desires. This 
exploitation, in turn, assumes a virtually limitless bounty of materials and space on 
earth that neglects the possibility of depletion and pollution in the process. While 
this modern rationalism has ushered in great material affluence to date, there is no 
guarantee that it will be able to provide the answers to the following basic problems. 

Firstly, there is the externality of the aforementioned global environmental 
problems. It is now no longer possible to suppose an unlimited space permitting the 
build-up of harmful substances. Since environmental pollution falls outside the area of 
market transactions, its social costs are not automatically included in the economic 
calculations of the polluter. If uncontrolled, external non-economic phenomena, such as 
global warming due to increased CO2 , will accumulate as a result. Acid rain damage, 
for example, has reached serious proportions not only in the eastern areas of the United 
States and Canada and in Western Europe, but also in the taiga regions in Siberia and 
China. 

Secondly, it is now obvious that energy resources are finite. As a focus of discussion for 
the remaining part of this century, energy depletion issues will probably be connected 

. • with environmental problems. 
Thirdly, regardless of the economic system, economic actions both major and minor 

are evaluated based on a conversion of the future capital cost to a net current value using 
a discount rate in accordance with the cash flow discount method, which maximises 
the present value. Anxious to maximise profits, the 'present producers' consequently do 
not take future generations into account. For example, if the discount rate is 10%, then 

. the value fifty years hence, when converted to current values will be reduced to less 
than 1% (1/1. P°). In short, the present economic systems do not provide any incentives 
to deal with global environmental problems even if they are forecast to reach grave 
straits by the middle of the 21st century, and the exhaustion of energy sources comes 
into view by the 22nd century. 

With the breakdown of the communist system and the seemingly ultimate triumph 
of Western liberal democracy, a theory of the end of history in terms of our ideological 

•:*& • -' ''I '••$£: '$& 
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evolution has even been proposed (see Fukuyama, 1989). However, as we have just seen,, 
although capitalism — the first child born from modern rationalism — has proven to be 
superior to communism — the second child — the capitalist system itself is noit • 
equipped to deal with the global environmental problems that have arisen in recent' 
years. 

Why? Because global environmental problems, as their name suggests, are global, . 
issues that transcend national boundaries. These issues cannot be addressed adequately 
by the governments of individual nations, but require action by a powerful international 
organisation. At the same time, the exercise of a powerful public authority to enforce 
environmental restrictions and, say, energy resource allocations, which could occur in'.. 
the future, would in itself force major transformations in the free market system and/ 
democracy that lie at the heart of capitalism. 

Turning from the modern rationalism originated in the Occident to Oriental concepts, 
the accumulation of CO2 may be viewed as an accumulation of human karma. If so, we 
are now being tested to see if we are wise and brave enough to break this cycle of 
malconduct. 

Table 13.1 Comparison of emissions of harmful substances by energy 

Natural gas Fuel oil 

( 1 % sulphur) 

Coal 

( 1 % sulphur) 
SOx (kg/oil equiv. 
tons) 
NOx (kg/oil equiv. 
tons) 
C 0 2 (kgC/109J) 

0 

2.3-4.3 

13.78 

20.0 

8.2 

19.94 

29.2 

11.5 

24.12 

Source: IEA, 'Natural Gas Prospects to 2010", 1986. 
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Figure 13.1 Global environmental issues pyramid 
LIQUIFIED NATURAL GAS 
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Figure 13.2 Reduction in CO2 emissions 
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Source: Based on J.M. Griffin and H.B. Steele, "Energy Economics and 

Policy," Academic Press, 1986. 
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Figure 13.3 Estimated shares of methane sources 
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ABSTRACT 

This paper reviews some of the issues that a minerals explorer and miner 
must take account of when evaluating the desirability of conducting 
operations in various countries. The principal issues examined are the 
foreign investment, taxation, local equity and certainty of tenure policies 
adopted by host governments necessary to attract and retain investment by 
exploration and mining interests. 

For host governments there is a justifiable need to obtain a fair reward for 
the use of its assets. The paper highlights some of the wider economic 
benefits accruing to a nation attractive for exploration and mining 
investment. 

rHE EXPLORATION AND MINING INDUSTRY 

jeologists, by nature, tend to be optimistic and generally see prospectivity for a range 
if minerals in any country in the world. Whilst geological prospectivity is an obvious 
actor in an explorer/miner's choice of where to invest there is a range of economic, 
ommercial and political factors which must be considered when selecting a country in 
/hich to invest the scarce and high risk capital required in this industry. 

The mineral industry, throughout the chain from exploration through construction 
hd development, processing, marketing and trade in derived products, is a high risk 
usiness with many unique characteristics. Governments wishing to attract and 

; ptimise the benefits of mining to their national economy should provide an 
nvironment and legislation that firmly recognises the industry's distinctive 
laracteristics. Following are some of the features intrinsic to the industry: 

Exploration is an extremely high risk activity. Whilst technical successes are not 
rare, the chances of making a commercial discovery are low, perhaps as low as 
1:1000 and each viable discovery must, therefore, be capable of supporting a 
considerable amount of unsuccessful work. A study of United States exploration 
between 1942 and 1967 showed that the chances of an economic discovery resulting 

159 
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from any one program was 1:300. In a study of Canadian exploration the odds have 
been estimated at between 1:100 and 1:1500. A major study of Australian 
exploration discovery statistics for the period 1955-78 by McKenzie and Bilodeau 
showed that of 100 mineral deposits discovered, only 43 could be considered 
potentially economic pre-tax. After taking the tax regime into account the number 
of economic deposits was reduced to 33. 

• Exploration is expensive. Exploration is frequently conducted in remote areas with 
little or no existing infrastructure or established lines of supply. The sophisticated 
equipment, the expert people required and the means to house and sustain them 
must often be imported to the host country and transported over long distances. It is 
estimated that the industry spends US$35-40 million on exploration for every 
economic mineral discovery. Over the fifteen year period of 1974-88, fifteen 
significant mineral discoveries were made in the Australasian region — one per , 
year on average. To make these discoveries a massive $7.5 billion was spent on 
exploration. 

• Exploration is essential for sustained development. As ore reserves from existing 
mines are depleted replacement can be achieved only through exploration for, and 
development of, new mines, either nearby or elsewhere. Profits and cash flows must 
be high enough during the limited life of a mine to fund further exploration, close 
expenditures (rehabilitation) and retain earnings for further developments so that' 
the assets can be replaced with new discoveries. 

• Each mine is unique. The mine and associated processing facilities must be designed 
to cater for the unique spatial, physical and chemical parameters of each ore body. • 
No two ore bodies are identical. In addition, geographical location may impose: 
special considerations. In framing legislative regimes it is often the case that: 
governments give little thought to retaining the flexibility required to deal with, 
mining development on a case by case basis. 

• Mineral exploration and mine development is a long-term, not a short-term, quick 
payback exercise. Large mines of the kind my company, CRA Limited, is involved 
in developing represent long-term commitment of large capital amounts. For'; 
example, the new Kaltim Prima coal mine being developed by CRA and BP in, 
Kalimantan, Indonesia, required over five years to explore and will take more than 
two years to develop and commission. The total commitment is about US$600 
million with an expected mine life of around 20 years on currently discovered 
resources and it is likely that this mine life will be capable of being extended 
beyond the 20-year period. The Broken Hill mines in Australia have been 
operating for around 100 years and other mines developed in Australia, such as 
Hamersley iron ore, Weipa bauxite and Argyle diamond, have been designed for a -
life of 20 years or more. The long time frame of world class mineral developments 
(see Figure 14.1) means that mines need to be able to withstand the vagaries of the 
international markets and that, at the outset, the explorer/miner has to consider s 
broader range of risk factors than investors in other sectors whose level of risk is 
substantially lower. 

• The mining industry must compete in international markets. With few exceptions 
domestic consumption of minerals falls well short of production (especially wher 
considering the output from world class mines) and the bulk of production must tx 
exported. You will all be familiar with the considerable fluctuations in metal; 
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prices which have occurred over the last decade. Because export contracts are 
typically priced in US dollars, the industry is also exposed to currency fluctuations 
which can be quite severe. Hopefully, a mine will be profitable in all years, but in 
most instances some losses occur or at least very marginal returns on capital invested 
are experienced and these must be sustained by the very much higher profits in 
periods of higher prices. The industry's profile is very low in these lean years 
compared with the prominence given in the media to the times of higher profits. 
Most responsible mining companies endeavour to sustain their exploration effort at 
constant levels throughout the good times and the bad. A principal reason for this 
is that if the highly trained expert staff required to run quality exploration efforts 
are laid off in the bad times, they are very difficult to replace. Another is that 
exploration acreage usually carries with it minimum (though often high) 
expenditure commitments which must be maintained if the ground is to be retained. 
A number of new mines (principally for gold) which have been developed in recent 
years are essentially short term in nature designed to quickly exploit a known 
resource during a period of high prices and then to cease involvement in the mine. 
While there is no doubt that such mining brings with it considerable benefits, these 
investments are made to take advantage of high price periods and they do not 
necessarily need to have the same consideration given to their longer term cash 
flow. It is therefore possible that some of these mines will be able to agree to 
conditions, such as non-contributing national equity, higher royalty rates, and the 
like, which could not be sustained in the long term by a mine which has to weather 
significant periods of low prices. Governments need to differentiate between the 
two types of investment. 

• Mining companies are often required to provide social, transport and industrial 
infrastructure which would normally be provided by government for other 
industries. The provision of infrastructure adds significantly to the development 
costs of the miner and often benefits the host government by opening up otherwise 
remote and inaccessible parts of the country to the potential of developing other 
economic activities unrelated to mining. 

» Mining operations are capital intensive. This partly explains the industry's high 
productivity but carries with it the disadvantage of heavy interest and loan 
repayment commitments. High cash flows are usually necessary in the early years 
of a mine to fund high loan repayments because lenders perceive the higher risk in 
mining and lend on short-term bases. Wear and tear on equipment in mining is 
heavy and both replacement and incremental investment is high in order to 
maintain production levels after the early years because of declining head grades 
and deeper mining levels. 

5ENEFITS PROVIDED BY THE EXPLORATION AND MINING 
NDUSTRY 

efore turning to a more detailed review of the criteria that a minerals explorer/miner 
/ill apply in an evaluation of where to invest resources, it is useful to consider some of 
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the (not always readily apparent) benefits which will accrue to those countries which' 
actively seek and encourage investment in our sector. 

Minerals are generally owned by the state which regulates when they may be 
explored and mined. In return for permitting the extraction of its resource, the state is 
entitled to an appropriate reward. 

The rewards to the state are many, including the inflow of investment monies, the 
creation of new jobs and training of nationals in new areas of expertise, development of 
previously remote areas by provision of access roads, educational and medical 
facilities, railways, ports and the like. Calculations of the cost to the company of 
these indirect benefits to the country are often not fully appreciated by governments 
when calculating the level of direct charges to be imposed on a development. The state 
also receives considerable direct monetary benefits, including taxes on the profit of the 
mining company, taxes on the wages of the company's employees, royalties from the • 
sale of production and transport levies on the use of such state-owned facilities as 
roads, wharves and ports. 

Few other industries supply benefits of the nature or at the scale of those provided 
by the mining industry. In Australia, for example, it has been determined that each job 
in the mining industry creates 2.7 jobs in other industries, contributes 6.5% to our GNF 
and accounts for over 40% of our exports (see Figure 14.2). Larger scale projects, such as 
open cut coal mines, generate even more jobs for each mining job created. 

Other indirect benefits of mining to the Australian national economy include ar - ' 
appreciation of 0.1% in both the exchange rate and Gross National Expenditure and the 
creation of 2,000 new jobs for each A$100 million of export earnings derived from the, ' 
sale of minerals; that is, for approximately each 2 million tonnes of coal, 150,000 ounces': 

of gold, 40,000 tonnes of copper or 100,000 tonnes of lead. 
The economic output multiplier for the minerals sector in Australia is calculated tc.», -

be for each dollar of mineral sales (whether domestic or export) an economy wid(, 
output of $1.70 is generated. In terms of capital growth, for each dollar spent in th< 
minerals sector, an additional dollar of non-minerals sector capital investment it, 
generated (provided of course that the resources in the economy are not already fulh -
committed). 

Another interesting example is the impact upon the PNG economy of thi . 
Bougainville Copper project. The Bougainville deposit cost (1971 dollars) A$2( 
million to find, define and evaluate and the mine a further A$400 million to develop' 
Total receipts paid to the PNG government averaged 16% of total PNG governmen 
domestic revenue for the years 1975 to 1985. Bougainville's net sales revenue, average* 
approximately 19% of PNG's Gross National Product for the years 1980 to 1985. W< 
now know that the closure of this mine has to date resulted in a 10% devaluation of th 
Kina and a drastic pruning of government expenditure — further effects on PNG 
economy are yet to be felt as full ramifications of the closure take effect. 

Whilst these statistics will vary from country to country and be dependant upoi 
specific circumstances, they illustrate the potential for large indirect benefits provide, 
by the mining industry by way of increases in wealth of the country and its people 
Direct benefits from taxation and employment are generally on a large scale. 

It should be particularly noted that, excluding Australia, the Asia-Pacific region i 
approximately 40% dependent upon mineral imports. As a simple issue of nature 
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independence and ignoring the wider economic benefits outlined above, self sufficiency 
in minerals should be encouraged. 

What then are the issues which an explorer will address in determining whether to 
invest the large sums required to find, delineate and extract a resource? 

PRINCIPAL INVESTMENT CRITERIA FOR THE MINERALS SECTOR 

The purpose of this paper is to examine and discuss the prime criteria that will govern 
the investment decisions of exploration and mining companies in the Asia-Pacific 
region. In practice the criteria used apply worldwide, there being no unique criteria to 
be applied in considering the Asia-Pacific region per se. 

I have attempted to set the scene for the discussion by highlighting some of the 
unique aspects of the exploration and mining industries as compared to other economic 
enterprises and some of the benefits accruing to host countries that provide a regime 
attractive to investment by our industry. Whilst the exploration and mining industries 
each have their own special aspects and requirements, a decision to embark on 
exploration will necessarily require a prior examination of the host country's ability to 
satisfy the investor's criteria as to provision of a setting favourable to the development 
and operation of a mine. 

As an example of perceived risk to investment, the most recent Euromoney country 
risk analysis follows, with risk plotted against area for selected, mineral prospective 
countries (Figure 14.3). 

Political factors 

While the political system that operates in a geologically prospective country does not 
necessarily affect its attractiveness as an exploration site, a number of political factors 
such as the following do. 

Political stability 

A stable continuous regime, free of turmoil and dramatic change is an important 
consideration for foreign investors. This does not necessarily mean the favouring of a 
particular political party retaining government over another but rather the seeking by 
the investor of a host country which provides a setting where successive governments of 
perhaps different political persuasion have had a record of encouraging foreign 
investment and in particular, encouraging the development of the country's minerals 
sector. 
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Law and order 

A potential foreign investor will favour a country where its staff, its investment and its . 
plant are unlikely to be placed at risk of physical attack. 

Attitude to foreign investors 

A regime which maintains open and non-discriminatory attitudes and policies towards 
foreign investors is important to a investor's perception of the potential for successful _ 
operations in another country. 

Bureaucratic efficiency 

A government bureaucracy free of corruption and inefficiency will be instrumental in 
creating the flexibility and freedom necessary for productive exploration work. 

Political risk is obviously an important factor in investment decisions of any kind but 
more so in an industry that has such a high capital investment up front as the minerals 
industry. If minerals development can occur in a country that is not resource rich but has 
less political risk, some cost penalties can be worth carrying. 

Clearly, however, there are limits to this and the outcome may be that a resource 
remains undeveloped until a more opportune time. 

It should not go unremarked that assessment of political risk is subjective and 
difficult to quantify compared with the assessment of defined economic factors such as 
taxes, royalties and the like. It must, however, always be an important element in the 
investment decision equation. 

Foreign exchange and expatriation of capital 

A very important factor in determining the desirability of a country for investment is 
its foreign exchange regulations and the ability for a foreign investor to expatriate 
profits. In a study undertaken in the United States to determine the importance of 
different foreign risk factors to large United States-based multinational companies (not 
mineral specific), 84% of respondents indicated that the issue of repatriation of profits 
was highly important — more important in relative terms than all other factors (see 
Figure 14.4). 

The institution of a regime which allows investors to consistently and freely ' 
expatriate profits as well as freedom to market its product is essential to most. 
investors. It is important that any rules relating to capital — including repatriation of 
foreign exchange local pricing policy, withholding taxes — are fair, clearly defined, 
and not subject to sudden change or redefinition. The more certain and defined these 
matters are from the outset of exploration, the more attractive will be foreign " 
investment in the resources sector of the host country (see Table 14.1). 
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Whilst many countries are cautious about control over their hard earned foreign 

currency savings, it is essential that companies be allowed to expatriate earnings. 
Profit, growth and survival are fundamental goals for all companies. The mining 
company's exploration strategy is guided primarily by both its profit expectations and 
its survival considerations. Governments should be sensitive to these issues. 

Equity participation 

In the case of high risk, high capital cost investments as typify the mining industry, 
company aims are likely to include a desire for majority equity ownership and a 
requirement for all minority participants (including government) to bear their pro rata 
share of the risk from the outset. 

This aim must often be balanced with a desire by government to impose local 
participation on a venture either by way of a direct government held or private sector 
held equity by nationals from the outset or by way of a post-discovery divestment in 
favour of nationals at a more advanced stage. 

In a survey conducted by the World Bank this year of more than 50 major 
international mining companies representing 60-80% of worldwide exploration 
expenditure, mandatory major government or local private participation was regarded 
is a major disincentive or prohibitive to investment in the minerals sector. It should 
ilso be noted that minority private local participation was regarded by many as a 
oositive factor (Table 14.2). 

It makes some sense, especially in underdeveloped countries, for governments to 
•equire local participation in mining ventures where this is sensibly and rationally 
idministered. Amongst other benefits it provides a means for a country to assimilate 
jxpertise in the minerals sector. 

If this is the case then the local partner should be capable of funding its 
proportionate share of exploration and development expenditure (and thus, also take a 
hare of the risk) or at least provide expertise or other services to the value of its share 
n the project. Insistence by a government on local participation, fully aware that local 
partners are not in a position to pay their way, is counterproductive to exploration and 
nining. 

In the long term few explorers can afford to assume 100% of the risk in return for some 
mailer proportion of the rewards. A requirement to fund 100% of the capital 
levelopment cost of a new mine while holding less than 100% of the equity means that 
nly mines with very high projected profits are attractive. Lesser mines which would 
therwise be profitable are not capable of being developed and thus opportunities are 
)st to both the explorer/miner and the host country. 

If governments do wish to impose local equity participation on a largely foreign 
anded venture, it is likely the foreign investor will feel more comfortable with a 
rivate sector partner rather than the public sector. Briefly the main reasons for this 
re: 

diversion of public funds to high risk area from traditional areas such as the 
' provision of roads, hospitals and schools may colour the general public's feeling 

against the development; 
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• limited expertise within government to protect its investment; 
• potential for conflict of interest between the government's role as both regulator and 

promoter of company interest; and 
• reduction in the incentive of the private sector to invest and assume risk. 

Taxation regime 

As previously noted, compensation to government for the use of its mineral assets h 
justified. However, governments must be aware that their policies, particularly in the., ., 
taxation area, have a critical bearing on the ability of explorers/miners to develop -
world competitive mines and thus create wealth for the host country. In other words 
governments must caution against the imposition of taxes that remove incentive foi 
explorers to take the very high risks involved in exploration work. In designing -
taxation policies consideration should be given to the high risk and cost nature o, 
exploration and the great potential for sustained development and wealth creatioi 
through the development of economic mineral deposits. 

Mining companies can be expected to consider any reduction in their tax burdei 
desirable. By reverse logic, one might assume that an increase in the tax burden i 
always beneficial to the state, however, this is demonstrably not the case. 

The 'total tax" system which includes company tax, additional profits tax, royalties 
withholding taxes and in some instances various regional taxes, represent costs and a 
such, the reduce the value of a resource to the developer. The total tax system should : > 
therefore, seek to minimise any distorting effect it has on investment decisions and mus 
take account of its long-term effect on the mining industry. A high total tax ma;, 
initially boost government receipts but in the long-term it will reduce receipts and th 
prospects of sustained development through exploration. Investors will choose to plac 
their funds where there is an investment climate more favourable to the special need 
of the mining industry. There are well documented cases where this has happened 
notably in Canada in the 1970s. 

It should be noted that government revenues associated with various levels of ta <- -
burden are not realised all at the one time. A relatively high tax burden ma 
discourage new mine development and further exploration but not force existing mines t • 
close prematurely. 

Alternatively, a relatively low tax burden may collect only modest tax revenue 
from existing mines but more than make up the difference by stimulating exploratio, 
and sustaining development by the creation of new mines. However, most of th 
revenues associated with the latter tax regime will only be realised in the future. Mo; 
governments prefer revenue now rather than later and so do not take much cognisance ( 
this concept. 

A major constraint in many mining development negotiations lies in the fact that tr ; 
host country's fiscal regime is set down in the country's legislation and there often ; 
little or no flexibility on the part of government negotiators in adjusting the fisc 
package to the requirements of a particular project (or indeed, to the special needs < -
the mining industry as a whole). Governments should be aware that high-ris 
investments require a different fiscal structure than low-risk ones. The lower ft 
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probability of success (the higher the risk) of an investment, the lower will be the 
probability-adjusted net present value of the project, and prospective investors 
generally take probability factors into account in estimating their minimum acceptable 
after-tax rate of return. Countries not currently enjoying the fruits of major mining 
development should also note that, once one or two large-scale projects are initiated 
and exploration efforts are successful, other companies are often willing to negotiate 
contracts to explore an area of similar geologic structure that provide for less generous 
financial terms than were accorded the initial investors, such as, the successive 
'generations' of minerals Contracts of Work in Indonesia. 

Flexibility, not uniformity, is required in a tax system if the full potential value of a 
country's mineral endowment is to be realised. Such flexibility may, for instance, 
discount normal tax rates (perhaps in the royalty area and during initial years post 
commercial production) for a particular development where unusually high 
infrastructure costs are to be borne by the developer. 

Security 

The term 'security' is used to mean the ability to explore within defined parameters 
and utilise the successes of exploration by mining and marketing the resource from a 
tenure guaranteed by the government. Commitment, by explorers, of large amounts of 
capital requires that tenure should be certain and, if successful, a right to mine is 
guaranteed. A recent (1989) survey of 32 international mining companies by the East 
West Center of Hawaii disclosed that the 'right to mine' was considered critical by 
97% of respondents. A similar conclusion was reached by the 1990 World Bank survey of 
international mining companies (Table 14.3). 

Flexibility needs to be built into budgets and unnecessary bureaucratic procedures 
avoided, so that the exploration team has the freedom to move and adapt quickly to 
its environment and results. This flexibility can be provided within set limits and 
normal discipline and accountability. Overly tight control will demotivate and reduce 
chances of suecess. 

The ability of the exploration industry to respond to the demands of society for 
growth and prosperity may be more dependent on the policies of governments than on 
the evolving skills, ideas and technology of exploration science. Governments 
therefore have a responsibility to provide a stable and efficient operating regime as 
well as access to land and data. 

Those nations that do not offer security, stability and appropriate policies will not 
attract exploration and will forfeit the opportunity to discover and develop their 
mineral resources. 

Most mining investors will favour countries with stable fiscal regimes and reasonable 
incentives for investment over those with a higher mineral potential and changeable 
or discriminatory rules. 
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CONCLUSIONS 

The considerations which explorers make before committing to exploration go beyond 
the simple issue of mineral endowment. Exploration is by nature high cost and high 
risk and the exploration environment itself is constrained by numerous factors beyond 
the control of the explorer. 

Mineral resources are indeed finite but evidence suggests that these limits are not yet ; 
being approached. Given this situation and the great potential benefits that 
exploration can contribute — to mining companies, to government and to society — there 
is strong argument for providing a fair and stable system within which explorers may 
operate; that is, 'bona fide' explorers — explorers committed not to short-term fund-
raising but to the development of economic, cost-competitive mines and ultimately, 
prosperity. 

If one looks at the global context (see Figure 14.5) it can be seen that in most of the 
stable, prospective regions of the world, considerable sums are invested in mineral , 
exploration. 

It is also worthy of comment that the Asia-Pacific region last year accounted for '_ 
about one-third of total global exploration expenditure (A$915 million). 

However, about 85% of exploration expenditure in the Asia-Pacific region was 
expended in Australia alone. 

It should also be noted that the bulk of the exploration expenditure in the region 
(excluding Australia) was made by foreign companies and that it was almost 
exclusively confined to PNG and Indonesia; countries which have well developed / 
mining laws and firm foreign investment regimes which specifically address the • 
exploration and mining sector. 

These factors did not occur by accident, but by firm and supportive government policy. 
That is not to imply that Indonesia and PNG provide ideal investment climates. * 
Indeed, it may be concluded that the lack of proper regimes in other countries in the 
region have, by default, assisted Indonesia and PNG to reach this position. 

It is suggested that other host governments, desirous of attracting the benefits of 
mining, should consider these facts and conclude that the provision of a regime 
attractive to exploration and mining is, to a large degree, dependent upon their own 
actions. 

We are, after all, in an international industry and all countries must compete for 
investment monies to find and procure mineral wealth and sustain economic and social 
development. 
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Table 14.1 Importance of country evaluation factors 

Evaluation factors Least Most 
important % important % 

1 2 3 4 5 N a 
Repatriation of profits 
3rice controls 

3 
5 

5 
16 

7 
27 

40 
37 

44 
15 

95 
93 

Restriction on foreign 
equity participation 
.oca! content 

5 

7 

6 

19 

22 

15 

38 

49 

28 

10 

95 

94 
requirements 
Restrictions on 14 29 26 22 8 94 
employment of 
expatriate managers 

Jote: a Column N is the actual number of respondents to each question. 

ource: Preble, Raw and Peichel. 

able 14.2 Major disincentives to mining development related to 
government policy (per cent responding) 

Major Minor Not a 
Prohibitive disincentive disincentive disincentive 

andatory majority 
jovemment participation 
andatory majority 
ocal private participation 
andatory provisions of social 
services (schools, hospitals) 
gstrictions on 
legotiating wages 
(patriate personnel 
mitations 
andatory minority 
lovernment participation 
andatory minority local 
irivate participation 
andatory training 
f nationals 

58 37 2 3 

45 34 16 5 

9 26 47 18 

- 42 45 13 

5 34 45 16 

- 21 45 34 

- 13 45 42 

_ « 29 71 

urce: World Bank, 1990. 
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Table 14.3 Major incentives to mining development related to 
government policy, economic environment and mining 
legislation (per cent responding) 

Essential 
Major 
incentive 

Minor 
incentive 

Not an 
incentive 

Guarantee of mining rights 
before starting exploration 50 50 . 0 

Guaranteed tax regime 52 45 3 -

Convertability guarantee 47 53 - -

Established mining code 46 46 8 -

Permitted external accounts 41 56 3 -

Realistic exchange rate 29 63 6 2 

Accelerated amortisation 17 63 15 5 

Source: World Bank, 1990. 
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Figure 14.1 Mine life cash flow 
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Figure 14.3 Euromoney country risk for selected countries 
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Figure 14.5 Global mineral exploration activity, 1988-89 
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ABSTRACT 

In Australia, as in many other countries, mining activities have come under 
increasing -public scrutiny as competition for natural resources has 
intensified and community attitudes have shifted. In response to these 
pressures, governments have been taking a greater role in the allocation of 
resources between competing uses. This has required consideration of 
appropriate economic frameworks and the development of a range of policy 
measures to seek to ensure that the economic benefits of mining are given 
appropriate consideration and the allocation and use of resources is as 
efficient as possible. 

This paper examines, from an economic perspective, the recent Australian 
experience with respect to the major policy issues involved in the trade-off 
between potential uses of resources and the options available to 
governments. Current institutional arrangements and some major recent 
policy initiatives in Australia are discussed. These policy initiatives 
include the establishment of the Resource Assessment Commission, a new 
agency which is to examine major resource use-environmental issues and to 
make recommendations to government about the use of resources. 

Against this background, issues in the development and implementation 
of policy alternatives are highlighted. These include the implications of 
the absence of market for many benefits arising from the conservation of 
natural environments; concerns over intergenerational equity; risk and 
uncertainty; and questions regarding the costs and benefits of the extensive 
use which is made of government regulations to achieve conservation 
objectives. 

A number of policy options which may improve the efficiency of resource 
allocation and use are proposed. These include multiple land use and the 
use of a benefit-cost framework to facilitate resource and environmental 
management. 

This paper was prepared in the Minerals Economics Branch, drawing upon materia 
presented by ABARE to .the Industry Commission Inquiry into Mining and Mineral 
Processing (ABARE, 1990). 
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: Mining activities, from exploration to extraction and processing, have come under 
J, increasing public scrutiny in Australia, as they have in other countries, over the past 
.,£' two decades as competition for natural resources has intensified and community 
;,; attitudes have shifted. It is widely recognised that community concerns about the pace, 
j;l type and location of mineral development will have an even greater influence on the 
'•'-,' growth of the mining and minerals processing sectors in the future (see, for example, 

- Loton, 1989). In response to these pressures, governments have been taking a greater role 
V in the allocation of scarce resources between competing uses. This has required 
'-•' consideration of appropriate economic frameworks and the development of a range of 
\( policy measures to seek to ensure that the economic benefits of mining are given 

, appropriate consideration and the allocation and use of resources is as efficient as 
possible. 

In deciding the use or uses to which natural resources will be put, the problem facing 
society is the fundamental one of how to allocate scarce resources between competing 
and insatiable ends. Freebairn (1987) characterises this standard economic problem in 
terms of identifying the alternative uses to which the resources may be put; identifying 
the extent to which they are competitive in the sense that using them for one purpose 
precludes or diminishes alternative uses; and identifying the contribution that each use 
can make to the welfare of society as a whole. Where the choice is between mining and 
conservation, the 'best' use or combination of uses would then be that which yields the 
same addition to community satisfaction for the last hectare of land used for mining 
and the last hectare of land used for, for example, national parks or other forms of 

;;-'; conservation. 
To the extent that this process involves a trade-off between potential uses, it is 

probable that the preferred outcome will involve a combination of uses. The aim in this 
paper is to examine, from an economic perspective and from recent Australian 

;. • experience, the major policy issues involved in this trade-off and the options available 
' to governments. Current institutional arrangements and some major recent policy 

initiatives in Australia are discussed in the next section. Against this background, a 
number of issues in the development and implementation of policy alternatives are 
highlighted. These include the implications of the absence of markets for many 
benefits arising from the conservation of natural environments; risk and uncertainty; 
and questions regarding the costs and benefits of the extensive use which is made of 
government regulations to achieve conservation objectives. Finally, a number of policy 
options which may improve the efficiency of resource allocation and use are discussed. 

THE POLICY ENVIRONMENT 

Current institutional arrangements 

Institutional arrangements have major consequences for the conduct of environmental 
policy as it affects mining and minerals processing. Environmental management in 
Australia is conducted at all three levels of government — Commonwealth, state and 
local. The Commonwealth government has no constitutional power over environmental 
matters, nor over the allocation of mineral property rights, except in those cases where 
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the Commonwealth is itself a land manager. However, the Commonwealth government 
can influence policy through its powers over customs, trade and commerce and 
corporations, and under its international treaty obligations. 

The Commonwealth system overlies a complex system of state acts on matters 
ranging from the granting of mining leases to pollution control regulations. The state 
governments sometimes have priorities and objectives which differ from the overriding 
national interest objectives of the Commonwealth government. On behalf of the 
community, they control the subsurface property rights to the minerals, as well as 
having major responsibility for land-use management, including environmental 
management. In general, the objectives of state policy relating to resource developments 
have been to encourage development of mineral deposits and minerals processing 
facilities in the state. In recent years, as a result of shifting community attitudes, the , 
focus of these objectives has been broadened, giving greater weight to protection of the 
environment. 

The role of local government in resource development and related environmental 
management issues is determined largely by the policies of the relevant state 
governments, and may vary between states. In general, local government has 
responsibility for examining and approving development applications, subject to 
overall state legislative requirements including those for environmental protection. 

The main instrument used by the Commonwealth and state governments in -
determining the environmental standards to be met by development proposals is the 
environmental impact assessment (EIA) process. Proponents of development proposals 
are required to prepare a report on the likely impact of their proposals on the . 
environment. This report is then subject to public review in which the benefits of the 
development, which will typically incorporate a range of pollution control measures, 
are compared with the expected impact on the environment. The result of the process is , 
frequently the specification of environmental safeguards and environmental ' 
management procedures. In some cases, the project may be rejected. 

The extent to which economic techniques for measuring the benefits and costs of 
development proposals, including the environmental effects, are incorporated into the . 
environmental impact assessment process varies widely (James and Boer, 1988). From an 
economic perspective, the overall merit of a proposal should be defined in terms of its 
potential effect on net social economic welfare. Though the environmental impact , 
assessment process is a comparison of costs and benefits, the evaluation of public-good 
aspects of the environment, and of what may be regarded as the unpriced goods and ' 
services provided by the environment, is in Australia performed either qualitatively * 
or not at all. 

It is difficult to estimate the effects of the current institutional arrangements, 
including the environmental impact assessment process, on economic efficiency in terms 
of net social economic welfare forgone or gained. From a qualitative perspective, 
however, it is clear that there are a number of important issues. First, some resources of , 
the physical environment, such as air and water, have tended to be regarded as free -
goods in both production and consumption. As such, they have probably been over-
exploited relative to the socially desired level. The use of such resources should 
ideally be accounted for in the internal production costs of private firms and the costs 
faced by individual consumers. 

In addition, the values attached to benefits that arise from conservation should be 
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4' .included in the evaluation of development proposals. This requires that the problems 
»,',' of measuring these values can be adequately addressed. Equally, the costs associated 

, with not exploiting minerals in a disputed area, in terms of the benefits forgone, are not 
• sufficiently considered in the current evaluation process, particularly where 
/.comprehensive exploration data are not available and where regulations are used to 
v : meet conservation ends. Finally, the effects of uncertainty on the evaluation process 
;' should be taken into account more explicitly. The value of information as an aid in 

decision-making should be recognised. 
Important policy initiatives have occurred more recently in Australia which have 

substantial implications for the future of mining/conservation outcomes. The 
Commonwealth government has adopted of goal of 'ecologically sustainable 
development' as the standard for environmental policy. Ecologically sustainable 
development has been defined as meaning 'using, conserving and enhancing the 
community's resources so that ecological processes, on which life depends, are 
maintained, and the total quality of life now and in the future, can be increased' 
(Commonwealth of Australia, 1990, p.i). As part of the process of integrating the 
economic and environmental aspects of policy, the Commonwealth government has 
established the Resource Assessment Commission. 

Resource Assessment Commission 

• [n June 1989 the Resource Assessment Commission was established by an Act of 
' Parliament to examine major resource use environmental issues and to make 

recommendations to government about the use of resources. The Commission is a 
statutory authority which receives references to conduct public inquiries from the Prime 
Minister and reports directly to the Prime Minister. It was established as an 
nstitutional mechanism to facilitate more harmonious resolution of conflicts about the 
ise of natural resources in Australia, by hearing and assessing all of the claims to the 
ase of a resource independently and objectively. 

Resource Assessment Commission inquiries are not intended to be substitutes for 
:nvironmental impact assessments. The role of the Commission is broader, focusing on 
:omplex resource issues covering whole industries or regions. The Commonwealth 
jovernment's interpretation of the Resource Assessment Commission's role is that it 
will make a major contribution to assembling and improving our fund of knowledge and 
mr analytical capacity. It will provide a transparent, consistent process that can be 
ised by all interested parties as a means of having their information and their views 
mpartially and independently assessed and considered by the Government. The 
nquiry process will make an important contribution to better community understanding 
•f the facts of a particular situation and of the issues and options involved' (Kerin, 
989). 

The Act establishing the Resource Assessment Commission requires that there be 
onsultation with state governments and that reasonable steps be taken to consult 
•eople who are interested in the particular resource issue before an inquiry is 
nititated. The actual inquiry process relies heavily on public hearings and submissions 
rom interested parties. The hearing process is very significant to the Resource 
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Assessment Commission's aim of being open and independent. The hearings themselves, 
are informal, and the use. of legal representation is discouraged. The Commission 
provides the opportunity for all opinions to receive a fair hearing, but it also provides 
the opportunity for comprehensive analysis of the whole range of views put to it. 

In April 1990 the Resource Assessment Commission received the terms of reference for 
its first inquiry involving minerals development and the environment. It was an inquiry 
into the future use of a particular area which had been set aside until such time as 
specific consideration could be given to the appropriate use of its resources, including 
minerals, within Kakadu National Park in Australia's Northern Territory. In 
particular, the area is a 'Conservation Zone'; that is, mineral exploration is permitted 
under controls which protect and conserve the wildlife and natural features of the area 
until such time as the area is proclaimed either as a national park, or as available for 
the recovery of minerals (Resource Assessment Commission, 1990). It is physically but 
not legally within the Kakadu National Park, and has been assessed to be highly 
prospective for minerals; it includes Coronation Hill, a known commercial gold and 
platinum group metals deposit. * 

In applying the general policy principles established in the Act to identify and . 
evaluate the options for the use of the resources in the Conservation Zone, the Resource 
Assessment Commission is to include an assessment of: 

• the environmental and cultural values of the Conservation Zone; 
• the impact of potential mining operations in the Conservation Zone on those values 

and on the values of Kakadu National Park; 
• the national economic significance of potential mining development in the 

Conservation Zone; and 
• the interests of Aboriginals affected by any potential mining development. 

ECONOMIC ISSUES 

Absence of markets 

The role of government in allocating rights of access and use between mining and othe. -
demands on the resources of the physical environment arises largely because of th< 
failure of the existing market mechanisms to allocate such resources efficiently , 
Market solutions to resource management issues, where they can be achieved, are likeh . 
to provide the simplest and most cost-effective means of attaining an efficien 
allocation and use of resources. If markets operate effectively, price signals betweei 
consumers and producers ensure that the combination of goods produced is socially 
optimal. However, this outcome requires that the full consequences of eacl • 
individual's actions be borne by that individual. Systems of property rights, conferring 
the ownership of assets and responsibility for their control, provide ways of ensurin; . 
that this occurs. Because of the difficulty of assigning property rights to some of th " 
services provided .by the environment, such as species existence and ecosystem integritj 
there are frequently no or only limited markets for these services. 
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In the case of competition between development interests for access to resources, such 

as between mining and farming or mining and tourism, it seems likely that markets are, 
or could be readily made, effective and efficient in their effects. If property rights are 
well defined and trade in these property rights is not seriously restricted, the potential 
to arrive at economically efficient outcomes exists. Government intervention may be 
required in some cases, but primarily to ensure that property rights do exist and are 
clearly defined. 

Where there are significant potential conservation uses of the land, market solutions 
may be less successful. Although a property right to the area of land in question could 
be established, an efficient allocation of that resource between competing end uses 
would require that the true monetary values of those end uses be expressed in the 
marketplace. These would include both the monetary value of any mineral products 
and the monetary value placed on any conservation benefits. However, the social 
preferences and values with regard to conservation tend not to be adequately 
represented in market-based solutions because of the 'public good' characteristics of 
such conservation services and the associated 'free-rider' problem (see Freebairn, 1987). 
In some circumstances, therefore, governments may reasonably be expected to represent 

•'}; these conservation interests in the resolution of competing claims for resource use. 
;,'«&' The major economic characteristic of public goods is that they are 'non-exclusive' 
Ji'] and/or 'non-rival'. A good is said to be exclusive if its benefits can be confined to 
]•'). specified individuals. For goods that are inherently non-exclusive, such as national 
; ' defence, it is not possible to establish a market, because it is not possible to confine the 
f'-i benefits to purchasers: they are freely available to all at no extra cost. 
,'>; A good is said to be rivalrous if the use or consumption of a particular item of it by one 
' / individual reduces or prevents other individuals from obtaining the same benefit. For 

,;.••• example, food is rivalrous — that which is eaten by one person cannot be eaten by 
' another — whereas information is not: the same piece of information can be provided to 

any number of people. Non-rivalry leads to difficulties in marketing, in that 
purchasers need not compete for access. The lack of competition in consumption of the 
good means that markets will tend to supply less than the socially optimal quantities 
of the good, if any is supplied at all. 

Some of the benefits of conservation are both non-exclusive and non-rival. For 
example, it is difficult to establish a property rights system which excludes people 
from the benefits which they may derive from the preservation of natural 
environments; and the benefits that one person obtains from the knowledge that a 
particular species or habitat has been conserved and remains available for the future 

. does not reduce the benefits available to others. 
Because of this combination of non-exclusiveness and non-rivalry, competing claims 

::•'.'• for access to land by mineral development and conservation interests can be difficult to 
', resolve using market-based systems. As a result of the absence of markets for a range of 

conservation benefits and the difficulty of establishing such markets, it is unlikely 
that market solutions will fully reflect the underlying social preferences and thus 

. ' achieve an efficient resource use outcome. Without government intervention, miners 
would not be required to pay the cost of conservation services forgone. A market solution 
would therefore result in less than the socially desirable level of conservation, and 
more than the socially desirable level of mining. Consequently, there has been an 
increasing emphasis on the use of government regulation. In addition, it is because of 
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the need to assess potential costs in terms of conservation services lost should 
alternative uses of resources prevail, that the environmental impact assessment process 
and (more recently) the Resource Assessment Commission inquiry process have been .. 
introduced. 

Intergenerational equity 

From a public or governmental standpoint there are choices to be made concerning the 
trade-offs between current and future use of non-renewable resources. Such a choice 
involves deciding whether to use a particular resource now (and perhaps put the 
proceeds towards generating other kinds of wealth — for example, by investing the 
proceeds in education or health); or whether to save the resource in its natural state. 
By adopting the latter alternative, the community trades-in or foregoes a stream of 
financial returns over time for an uncertain future income together with the less 
tangible benefits of an unchanged environment. 

The Australian government takes the view that one of the 'key elements' of 
ecologically sustainable development is 'providing for equity within and between 
generations' (Commonwealth of Australia, 1990, p.2). The consumption patterns of all 
current and future generations need not be identical, however. Indeed, the use of some 
resources now in order to build up capital stock and to contribute to new knowledge and 
technology might be a more effective way of passing on wealth to the next generation 
than leaving a resource in the ground (Solow, 1986). 

In some instances, the current generation may wish to make a commitment never to 
deplete a particular resource or change some part of the environment. Of course, the . 
current generation cannot make its commitment binding on those who follow. On the 
other hand, the use of a non-renewable resource by the current generation does imply a 
restriction on future generations which is irreversible. 

Uncertainty 

With respect to mining and processing development, there are several sources of ' 
uncertainty which can have an effect on the efficient conduct of policy. These relate to • 
the geological potential of areas, the environmental value of an area or the 
environmental impact of development on an area, and the effect of regulatory 
arrangements applying to exploration and mine development. The introduction of 
uncertainty into a decision-making framework for resource management requires a clear 
specification of the nature and sources of uncertainty and how these constrain policy 
options which are available to government. 

The problem of geological uncertainty — that is, not knowing what minerals are 
contained in a disputed area — is inextricably linked to exploration and the granting of 
access to land for exploration. Successful exploration requires access to large areas of 
land: the probability of finding an economic deposit in a given exploration program 
depends to a significant extent on the scale or intensity of exploration. Even once 
significant mineralisation is discovered in an area, the existence of a commercial 
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deposit can only be determined through further, intensive exploration. 

From an economic perspective, the problem of geological uncertainty is also 
compounded by the divergence between the private and social costs of exploration. 
Where exploration is conducted in environmentally sensitive and valued areas, the 
impact of exploration on the environment may have a social cost. This can occur because 
there is little real incentive for private firms to incorporate the social costs of 

. environmental side-effects into their decisions, since they do not pay these costs. The 
A result may be excessively intensive exploration and excessive environmental damage, 
:';' leading to loss of social welfare. However, in response to appropriate signals, 
'?:,< exploration techniques can be modified, at additional cost in terms of either 
%•', ^expenditures or expected results, to reduce environmental impacts. 
<i.\ There are several aspects to the uncertainty which exists on the environmental side 

, of resource use conflicts. There may be uncertainty over the environmental assets of an 
-, - area which is subject to competing demands. There may be insufficient knowledge about 
'.* / .the environmental qualities of an area, or the possibility of further types of use of the 
>,; area, for a rational decision to be made. As a consequence, the long-term effects of 
';•'. exploration and development on the future stream of conservation benefits derived from 

a particular area may be uncertain. In relation to some ecological impacts of resource 
development activities, there can be a high degree of uncertainty as to whether or not 
>he effects are reversible. For example, in some cases the probability of the loss of 
species or the destruction of an ecosystem are very difficult to estimate. The possibility 
sf irreversible consequences implies the need for decision makers to take into account 
:he 'bequest' and other non-market values of the environment in their analysis of 
rurrent development decisions. 

In addition, it is often argued that the future benefits of preservation may include 
he unknown future usefulness of particular species as, for example, a source of genetic 
naterial for medical or other applications. The additional information about 

- reservation benefits that may be derived by research while delaying irreversible 
levelopment of an area has a social value. The expected value of information 
xmditional on the delay of development is termed a 'quasi-option' value (Fisher and 
Crutilla, 1985). If decision-makers ignore the quasi-option value of information, they 
nay give insufficient attention to development and management strategies that would 

,, Jlow greater opportunities for flexibility and adjustment to new information, and 
.-.'.'. ience the possibility of increased social welfare at some future time. 

Confronted with issues of possible irreversible damage, it is difficult for effective 
narkets to be established whereby individuals or society could insure against 
nvironmental risks, and such risks often are successfully treated as externalities by 
irms engaged in competitive developments. While some scope exists for 
iternalisation of such costs through litigation, or the threat of litigation, Australia's 
.se of the British legal framework in this regard (particularly regarding 'class 
ctions') leaves the main responsibility with government for redressing the costs 
nposed on the many by the few. This contrasts with the situation in the United 
tates, where despite a range of problems arising from the volume and extent of 
tigation on environmental matters, some market costs are being imposed on those 
enerating environmental damage. These costs are being reflected in insurance 
remiums, the value of environmentally damaged or damaging assets, and the cost and 
jse with which capital can be obtained for environmentally 'risky' activities. 
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There are also problems stemming from uncertainty over the regulations and 

procedures governing the exploration and extraction process. For example, the mining 
industry in Australia has expressed concern that certain current institutional 
arrangements tend to increase the uncertainty surrounding the environmental aspects of 
mine development proposals. Here, the major problem is that both Commonwealth and 
state legislation provide for environmental impact assessment procedures with very 
little guidance on the minimum standards to be met with regard to environmental 
impact. Such uncertainty falls under the general heading of 'sovereign risk': it includes 
the risk of approval for projects being withdrawn after considerable investment has • 
been undertaken, or of rules governing mining operations being changed during the life 
of the mine. In the case of the proposed Coronation Hill mine within the area of the 
Kakadu National Park, the Coronation Hill Joint Venture remained committed to an 
exploration and development program through a period when the resource owner (the 
Commonwealth Government) changed policy position with regard to the procedures foi 
considering mining options and extending Park boundaries. If the mine is allowed tc 
proceed, it may well be subject to conditions that were not envisaged at the time the 
Joint Venture's initial exploration investments were made. It is particularly importan' 
that firm guidelines be established as to how development proposals will be addressee 
in future, in order to better define the risks in this regard and allow companies tc . 
incorporate such risks in their development strategies. Moves towards such guidelines 
may arise as a result of Resource Assessment Commission inquiries. 

Qualitatively, the effect of regulatory uncertainty on mining activities is quite • 
clear. Such risk and uncertainty or the costs of insurance against risk increase the retun \ 
that firms will require on their investment in exploration or development. In sucl y-
situations this added premium may, in the absence of markets for trade in these risks l 

result in an economically inefficient allocation of resources. 

Costs of regulation 

Evidence of market failure in the allocation of conservation services does nc 
automatically imply that government intervention is the best solution in every case. I 
particular, it needs to be demonstrated that the benefits of intervention exceed th 
costs. The most readily apparent of the costs entailed in intervention are those c 
administration and policing (an example being the cost of running the Office of th 
Supervising Scientist which monitors environmental safeguards at the Ranger uraniur. 
mine within Kakadu National Park), and the costs involved in policy formulation an 
review. However, potentially more serious costs may be incurred if 'government failure 
replaces market failure. 

The potential for 'government failure' arises from two main sources. Firsth ' 
government may impose a solution which is not in accord with the underlyin 
community preferences between conservation and alternative uses for the resources i 
question. This may come about as a result of information deficiencies relating to eithc 
the nature of community preferences, or the nature of the resources involved and tt 
uses to which those resources may be put, or both. In the case of the Conservation Zor- • 
in the Northern Territory, this problem is being addressed by the Resource Assessmei • 
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Commission inquiry, by government research agencies such as the Australian Bureau of 
Agricultural and Resource Economics, and by the democratic process itself. However, 
large information gaps will remain. In addition, scope exists for interest groups to 
influence decisions in their favour, possible resulting in outcomes not in the best 
interests of the community as a whole. 

An overlap of responsibilities between various levels of government may also 
provide a constraint to the implementation of economically efficient policies. Where 
there is such overlap, conflict may arise between the national interest and state 

. development objectives. For example, it is possible for a project to attract attention 
under both Commonwealth and state environmental impact assessment requirements, 
with conflicting results. 

One of the major limitations of current environmental impact assessment practice is 
its confinement to single development proposals, treated one by one. There have been 
few attempts at industry-wide, regional or issue-oriented impact assessments. As a 
result, differing standards may evolve between states, between projects within states 
and over time. However, such differences between or within states do not necessarily 
imply inefficient resource use. They may merely result from differences in 
environmental sensitivity between regions. Thus, although uniformity of procedures 

! and principles is desirable, uniformity of standards may not be socially optimal. 
Where intervention takes the form of regulation, a second common source of 

'government failure' is the inflexible nature of the regulatory process. Even if an initial 
decision establishes an efficient mix of resource uses from the initially competing end 
uses according to the conditions existing at the time the decision is made, the 
regulatory approach is not often, if ever, efficient in the dynamic sense. Conditions of 
supply and demand change over time, whether or not they are given expression in a 
market place. Rationing by regulation is unlikely to result in continuing efficient 

••'; adjustment to changing conditions in the same way as occurs for goods and services 
'•*•}.: freely traded in efficient markets. 
\f' Dependence upon regulations to achieve many of society's environmental objectives, 
.»/ such as reducing pollution, has other significant dangers. While regulation may lead to 
',' the achievement of immediate conservation goals, it is not transparent in its effects on 
; other benefits and costs. In general, the costs of regulation are hidden from the 
• '• community. The alternative to regulation, namely more market oriented responses such 
','* as the taxing of undesirable activities, also involves costs, but it makes the costs of 
;V'decisions more visible. In addition, dependence upon regulation may reduce the 
U"' incentives or options for firms to incorporate into their production activities 
' technological advances which may reduce environmental impact. This is particularly 

the case if regulatory arrangements are infrequently reviewed. Because of this, the 
preferred course is, where possible, to delineate areas of market failure, and to develop 
policies aimed at rectifying them, rather than replacing the market process with a 
regulatory framework. An example of this approach is the imposition of subsidies and 
taxes to compensate for perceived market imperfections. 

Another approach that has emerged relatively recently is to establish new markets. 
This approach is most commonly applied to the management of renewable resources (a>n 
example being negotiable fishing quotas), although it has also been applied to the 
allocation of oil exploration rights and to pollution problems (for example, negotiable 
effluent disposal rights). By creating new property rights, most of the inflexibilities 
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and inefficiencies of a purely regulatory approach are avoided. Such approaches do 
not, however, necessarily avoid the policing and administration costs of the regulatory 
approach, or the risk of 'government failure' (for example, in setting the level of 
aggregate access to a fishery). 

POLICY OPTIONS 

Multiple land use 

Multiple land use may be an option in resolving competing land use claims. 'Multiple 
land use' can refer either to different uses occurring in a particular region at one time, or 
to different uses occurring in the same location over time (sequential use). The concept of 
multiple land use is beginning to appear in state legislation in Australia. For example, 
South Australia added the classification 'regional reserve' to its National Parks and 
Wildlife Act in 1987, to denote an area which is conserved for its wildlife or historical 
value while utilisation of its natural resources is permitted. 

In the case of mineral development, there are constraints on the application of both 
types of multiple land use. Where development has significant offsite or spillover 
costs, the benefits derivable from concurrent uses may be reduced. For example, run-off 
from mine dumps and tailings dams into surrounding water systems may affect the 
amenity value in tourism and other recreation uses of the location. In the absence of 
government intervention, these effects are not reflected in the costs of mining. 

With respect to multiple use across time, mining companies currently spend 
considerable amounts of money to regenerate areas affected by their activities. This 
enables future use of these areas for continued development, recreation, tourism and 
wildlife habitat. For example, rehabilitation and reafforestation in Weipa, the 
jarrah forest region of Western Australia and the Darling ranges have shown that 
rapid assisted recolonisation by plant and animal species can occur (Mcintosh, 1989, 
p.35). This occurs both as a result of regulatory requirements and in response to 
community pressure. 

Where multiple land use is an option for resolving competing claims, the policy task . 
is one of selecting the appropriate rate or level of each use. This should generally be 
based on a comparison of the additional benefits generated from an extra unit of one use 
with the loss of benefits from the associated reduction in another use. When all 
possible gains from further reallocation are exhausted, an efficient outcome will have 
been attained and social welfare maximised. However, the usefulness of the multiple 
use option for particular areas may be restricted where significant off-site benefits or 
costs exist. 

Benefit-cost framework 

Notwithstanding the problems of both the market and intervention approaches to 
resource and environmental management, society needs to decide what (if anything) it 



vlINING AND ENVIRONMENT IN AUSTRALIA 185 
vill do with its resources. The very fact that there is a conscious decision to be made 

' 'egarding the efficient use of scarce resources (rather than relying on an 'invisible 
\and' to produce the desired outcome) indicates that the solution will necessarily 
.equire some formal framework for public decision making. Cost-benefit analysis 
jrovides one such framework — one that is extensively used for the enumeration and 
onsideration of costs and benefits of alternative uses of scarce resources, and which can 

; >e modified for use from the viewpoint of society as a whole. 
In the case of mineral development, the benefits (assuming the scope of the mineral 

esources is known) are, in general, readily measured. They include the economic rent 
rising from the extraction and sale of the minerals, as well as any additional income 
ccruing to labour and capital employed in the project over and above that which could 
e earned elsewhere. The costs include the environmental costs, such as any irreversible 
JSS of species and habitats, loss of current and future recreational amenity, and adverse 
ffects on surrounding ecosystems. In general, such costs are not as readily measured. 
lowever, there is a clear need to incorporate them into the cost-benefit analysis 

P; .ssociated with any decision involving significant conservation goods and services. 
'.>p his may be done as a part of the existing environmental impact assessment process, or 
;j \ > an adjunct to that process. 
Yl While it is difficult to measure environmental benefits and costs in dollar terms, 
;•'•! lere are several methods available which can be used to establish at least the broad 

rder of magnitude in some cases. These include the travel-cost method, contingent 
']', aluation and the hedonic prices method. Comprehensive surveys of these methods are 

rovided elsewhere (see, for example, Freeman, 1985; Anderson and Bishop, 1986), and 
l..•• ley are not discussed further here, except to note that contingent valuation is being 
-. tempted by the Resource Assessment Commission in the context of its inquiry into the 

?es of the resources of the Kakadu Conservation Zone. 
. In determining the balance between estimated net conservation benefits and the 
•timated net benefits of development, judgment is required on the part of decision 
akers. Clearly, if the net measurable benefits of conservation exceed the net benefits 
' development, the resource should not be developed. If, on the other hand, the net 
easurable benefits of conservation are less than the benefits of development, judgment 
required as to whether the non-measured benefits of conservation outweigh the 

fference. Between these two extremes, judgment may be required as to the socially 
eferable extent of development and/or of conservation. 
There is likely to be a role for government in the provision of information to reduce 

^ e uncertainty inherent in such judgments. To the extent that information relevant to 
.: jth the mining and conservation aspects of development proposals is a public good, the 
; .neration and dissemination of such information is likely to be less than socially 

rtimal in the absence of government intervention. However, it is difficult to offer 
ecise and practically applicable guidelines about the optimal level of investment in 

• "ormation by the government. 
'"•• In the case of geological information on areas subject to conservation claims, the 

vernment currently provides some public information through Australia's Bureau of 
neral Resources, Geology and Geophysics. In areas subject to development claims, 
ivate companies undertake their own information gathering activities. Uncertainty 
out the location, size and type of mineral resources is reduced by carrying out basic 
rveys of geological formations. More empirical research is required to assess whether 
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the amount of such geological information currently supplied by governments is socially, 
optimal, or whether benefits could be derived from devoting additional resources tc 
this activity. 

An analogous argument may be made for the public provision of informatior 
concerning the environmental aspects of particular areas, again to reduce the 
uncertainty inherent in environmental policy development. Such information includes i 
taxonomic and ecosystem inventory of the area, investigation of the likely impact o 
proposed developments on the ecosystem, prospects and options for rehabilitation, anc 
so on. Again, there is little economic incentive for individuals to collect anc 
disseminate information about the environmental worth of an areaa 

CONCLUSION 

In Australia, as in many other countries, the trade-offs between minerals developmen • 
and conservation of the natural environment are receiving increasing attention. It i 
clear that there are a number of reasons why markets fail to deal with resouro . 
allocation issues involving environmental 'services' as efficiently as they deal wit! 
other resource allocation issues. These reasons mainly relate to the absence of effectiv 
property rights to these services and associated economic valuation problems. A cas 
for government intervention can be established, but there remain significant issues o 
efficiency to be addressed in considering appropriate forms of such intervention am 
their associated costs. 

The response adopted to the challenge of taking environmental considerations int 
account in considering new mining projects has, for many years, been a requirement the 
formal assessment of environmental impacts of development proposals be prepared an< 
considered. However, as policy attention has broadened to focus on such issues a 
ecologically sustainable development, the narrowness of this project-specific approac 
has led to new policy responses in Australia. 

In particular, a Resource Assessment Commission has been established and this nei >.-. 
agency is currently focusing its attention on an issue which has significant potential t'' 
affect the way in which minerals development takes place in Australia. The Resourc 
Assessment Commission has been asked by the Commonwealth government to conside 
the use of resources most appropriate for the Conservation Zone of the Kakad 
National Park — a zone containing a known commercial mineral deposit and which 
surrounded by a National Park containing an operating mine. In doing so the Resourc 
Assessment Commission is formally and publicly coming to grips with the economics < 
multiple land use. The challenge of successfully applying a cost-benefit framework to 
range of natural resource use alternatives, in the face of significant uncertainties i 
relation to both costs and benefits and with strong and emotional positions being take 
on both sides, is an important one. It will test the skills of, and analytical frameworl 
available to, this new institution, and will have significant implications over tf. 
medium term in an important area of policy for the Australian minerals sector. 



16 Japan's anti-pollution mines policy 
and the MMAJ* 
YOSUKE SUZUKI 

In Japan, there are more than 6,000 old mines, some of which produced copper for 
Buddha images a thousand years ago. Others have contributed to the modernisation of 
Japanese industry in recent decades. However, after a mine was closed, acid tended to 
drain from the mine into nearby rivers, contaminating surrounding land, and creating 

:. health problems among people living down stream. 
Heavy rainfalls and earthquakes have broken numerous dams attached to both 

, closed and active mines over the years: at the Kamioka mine in Gifu Prefecture, a slime 
, dam was broken by heavy rainfall in 1945, causing slime flooding of about 400,000m3; 14 

people were killed in 1953 by slime and waste released from the Hoshino mine in 
pukuoka Prefecture as a result of heavy rain; at the Nakatatu mine in Fukui 
Prefecture, heavy rain caused flooding of slime and waste rock in 1965; the dam at the 

, Toyoha mine in Hokkaido Prefecture was ruined by an earthquake in 1968; and the 
Vlochikosi mine dam in Shizuoka Prefecture was damaged by an earthquake in 1978, 
'eleasing cyanic slime into the Kanogawa River. 

This paper discusses the case of the Matuo mine and the anti-pollution measures 
indertaken to conserve the surrounding environment. 

\NTI-POLLUTION MEASURES 

Vfter the Law on Special Measures for Mine Damage Caused by Metal Mining 
ndustries was enacted in 1973, the Japanese government made a list of mines for which 
jiti-pollution measures and the neutralisation of mine drainage were needed. 

According to the Mining Safety Law and the Law on Special Measures (1973), mining 
ight holders are obliged to implement such anti-pollution measures as waste dam 

'.. epair and re-plantation of tailing ponds, as well as pay the cost of processing the mine 
*§ Irainage. As for those old mines for which there are no longer mining right holders, 
'"/ trefectural governments undertake these anti-pollution measures with subsidies from 
;';' ;tie central government. 
i < Total expenditures by Japanese mining companies, prefectural governments and the 

• entral government on anti-pollution activities amounted to over ¥4 billion in 1989 (see 
;,' igure 16.1). Expenditure has been decreasing since the construction of the Matuo plant, 
V -yhile the cost of water treatment has been rising annually. 

The views expressed in this report are those of the author and do not represent the Metal 
Mining Agency of Japan (MMAJ) in any way. 

187 

file:///NTI-POLLUTION


188 CHANGES IN MINERALS POLICY 
The Metal Mining Agency of Japan (MMAJ), which is a semi-government 

organisation, has three functions relating to anti-pollution activity: 

1 it provides financial assistance to private companies with low interest loans; 
2 it conducts research and planning for local governments; and 
3 it is involved in the development of new anti-pollution technology. 

MATUO MINE 

Matuo, an old sulphur mine, is located in the foothills of Mt Hachimantai, near the • 
resort area between Towada and Hachimantai National Parks. The mine, which \ 
produced pyrite and recovered sulphur between 1900 and 1940, is 1,500m in length and 
1,500m in width, with a depth of between 25m and 150m. The mine enjoyed its golder . 
age during the 1950s, when it produced one million metric tons of ore annually and . 
employed 4,000 miners. At that time 15,000 people lived in Matuo village. Because oi 
the 1958 economic depression, the development of new technology for recovering 
sulphur from heavy oil, and lower sulphur prices, Matuo suffered losses; this despite 
its efforts to reduce production costs by adopting open pit mining. The Matuo companj 
subsequently declared itself bankrupt and its mining right was revoked in 1972. 

Pollution 

After the Matuo mine was closed, heavy acid drainage containing arsenic flowed int< 
the Kitakami River, contaminating the water. This caused health problems in th< 
major city of Morioka located down stream of the mine. 

An anti-pollution committee was established by the central and prefectura 
governments, and the following anti-pollution measures were implemented usinj 
central government subsidies: 

• the government of Iwate Prefecture in 1972 carried out soil covering, filled the opei 
pit and replanted the tailing pond in order to control the source of pollution; and 

• to treat the water, Iwate Prefecture constructed the Matuo plant to neutralise acif 
drainage from the mine, with the plant being operated by the MMAJ. 

The prefectural and central governments have expended almost ¥22 billion in the min 
since 1972. 
This figure includes ¥6,570 (¥4,905) for controlling the sources of pollution an 
neutralising drainage; ¥9,294 (¥6,970) for plant construction; and ¥6,063 (¥4,547) o 
operating costs. (Figures in parentheses denote central government subsidies.) 
However, the anti-pollution measures have not yet been completed. Estimated futui 
costs are expected to be about ¥2.3 billion. 
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Mine drainage 

Rainfall over the pit is penetrating the earth to the deposit, reacting with pyrite 
(FeS2), and generating heavy acid water (about pH2) containing iron sulphate. 

2FeS 2+70 2+2H 20 -> 2H 2S0 4+2FeS0 4 

This drainage also contains small amounts of arsenic. 
Anti-pollution activities such as soil covering and plantation have reduced the 

volume of mine drainage from 17m3 per minute in 1982 to 15m3 per minute in 1989 with 
recovery of the pH level also from 1.9 to 2.1 (see Figure 16.2). This improvement 
decreased the cost of water neutralisation from ¥761 million in 1982 to ¥535 million in 
1989. 

Neutral isation 

The Matuo plant employs a bio-technology process, using calcium carbonate for water 
neutralisation since it is cheaper than traditional slaked lime, and also because there 
is a high volume of drainage. The biotechnology process changes iron inonic Fe++ to Fe 
+++ using iron oxidising bacterium, and the cheaper calcium carbonate can be used for 
neutralisation. 

'si J

: . ' 4FeS0 4

+2H 2S04 +02->2Fe 2(S 4)3 +2H 2 0 
:ij, '< Fe 2(S0 4)3 + 3CaC0 3

 + H 202Fe(OH) 3 i + 3CaS0 4 i + 3C0 2 

These bacteria live in the mine drainage, in concentrates of about 250,000 per c.c. 
''-.-., However, with this process it is possible to maintain a high density of bacteria (about 
-.,' 100 million per c.c.) to neutralise the vast drainage at a lower cost. At the same time, 
';•'. this process produces tailing sludge bearing iron. The MMAJ is currently developing a 

(technique to recover iron oxides from the tailing sludge in order to market it. 

THE ROLE OF THE MMAJ 

The MMAJ implements anti-pollution measures by: 

• surveying old mines and providing consulting services for anti-pollution technology; 
• designing and managing anti-pollution measures; 
• financing private companies with low interest loans; and 
• developing new anti-pollution technology. 
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Research and consulting 

Upon request from the prefectural governments, the MMAJ will conduct onsite surveys • 
on abandoned mines and provide a consulting service for the development of an 
engineering plan and technical assistance to prevent mining-related pollution. Many of • 
Japan's closed mines have already received this kind of attention, though the number 
of mines requiring attention is decreasing annually (see Figure 16.3). 

Design and management 

On behalf of the prefectural governments, the MMAJ undertakes detailed research on 
shaft and tunnel conditions, flow rates, water and soil quality, and conducts land 
surveys. The MMAJ also provides construction plans for pollution control works, designs 
dumps for mine waste, and provides plugging for shafts and tunnels as well as drainage 
processing plants. 

The MMAJ is responsible for the management of these construction works and will 
also manage the operation and maintenance of neutralising plants. 

Financing 

The MMAJ finances private companies to undertake anti-pollution measures such as . 
construction works for pollution control, drainage processing and land reclamation. 
These measures are also subsidised by the central government. For the rest, the MMAJ 
provides loans at a low interest rate of 5.2% per annum for large-scale mining 
companies and 3.5% per annum for small-scale companies. (Figure 16.4 shows the loans 
provided by the MMAJ between 1973 and 1989.) 

Technical development 

At the closed mines, holders of mining rights and prefectural governments channel; 
money into processing mine drainage which pollutes surrounding land and watei ' 
resources, and also provide space for dumping waste sludge generated by neutralisatior < 
plants. Technical development is aimed at both reducing the drainage and processing il . 
effectively. To achieve this goal, the MMAJ has developed techniques for plugging-' 
shafts and tunnels and for improving waste dams, including plantation work, and de-
watering and promoting sedimentation of sludge to stabilise waste dams. The MMA 
has also developed techniques for controlling mine drainage, such as sealing ore body 
returning waste sludge into underground tunnels, recovering metals from mine drainage 
microbiological processing of drainage, and densification of waste sludge. 



JAPAN'S ANTI-POLLUTION MINES POLICY AND THE MMAJ 191 

CONCLUSION 

Because of various anti-pollution regulations in developed countries, many mines have 
been shut down. However, to develop mineral resources and protect the environment, 
the MMAJ has shown itself capable and willing to deal with anti-pollution problems 
through financial resources. The MMAJ will not ignore anti-pollution measures, 
despite the lack of appropriate regulations in developing countries. 
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Figure 16.3 Research and consulting 
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Figure 16.4 MMAJ loans 
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17 Minerals policy: an Australian 
perspective 
ANDREW MCCALLUM 

I am pleased to have this opportunity to address this session on Changes in Minerals - ' 
Policy with particular reference to some countries in the region. 

I am fortunate to be the last speaker in this group as I have been able to reflect on the, " 
key points made by the previous speakers during both sessions set aside to study this- : 

topic. 
During the next ten minutes I will highlight some of the factors influencing Minerals-

Policy and Legislation for a number of countries in the region. I will be broadening the 
debate by not focusing simply on economic or political parameters, but by including some , 
technical factors as well. 

I will also include some remarks drawn from papers presented at the recent 
Australia-Japan Business Co-operation Committee Conference held in Adelaide last«' 
month. This will be in the form of a 'round-up' (seeing that we are in Texas!) of the 
immediate outlook for a number of minerals being traded in the region. 

First of all I will support the remarks made by Dr Walde who spoke of the problem-
of how prospective investing companies can manage the complications caused by high 
expectations held by authorities and enterprises in the so-called developing countries. 

My company has had first-hand experience of these difficulties in several countries 
in the region but I do not intend to go into detail right now. 

We are often criticised by these people who expect an instant decision on what is. 
often an investment which can run into tens of millions of dollars. They find it difficult 
to understand that successful companies are that way because it is private 
shareholders' funds which are at stake, and decisions must be taken after a proper . 
analysis of the risk involved with the investment. 

We saw in Doug Ritchie's presentation the magnitude of investments required for 
mining projects. 

Dr Walde also referred to the complicated government and bureaucratic structures 
often encountered by companies investigating investment opportunities. I would add 
that many countries of interest to this group are undergoing considerable political 
change at present, and these changes have to be taken into account. 

This may mean many visits to identify the authorities from whom approval will be 
required before a project can proceed. Even once this is achieved, the situation must be 
monitored because individuals handling certain functions sometimes tend to be 
relocated at short notice, thus requiring further visits to establish an understanding oi 
the project with the next person assigned to that function. 
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I was pleased to read in Veronica Montero's paper of the role of the Chilean Copper 
Commission. Our company's experience in Chile has so far been very satisfactory, no 
doubt in part due to the manner in which that Commission handles its responsibilities 
of communicating between companies and the Chilean government regarding company 
objectives, government policy and regulations. 

Environmental considerations have been covered in some detail in a number of 
papers, so I do not intend to repeat what has already been said. However I was 
interested to hear from Mr Suzuki that mining companies in Japan are able to obtain 
some assistance in the form of low interest loans to private companies who are 
obligated to do anti-pollution works. The Metal Mining Agency of Japan is charged 
with this function. This agency also assists in research and planning as well as 
development of new anti-pollution technology. 

This demonstrates a very supportive stance by the Japanese government in such 
matters. Japanese companies are indeed fortunate compared with companies from other 
countries whose tax-payers are not as generous! 

Now I will provide a brief 'round-up' of issues concerning some of the minerals traded 
in the region. These remarks apply particularly for trade between Australia and 
Japan, but I believe apply to the other countries with which Australia trades. 

MINERALS TRADED IN THE REGION 

Coal 

Pressure is mounting on the steel industry worldwide for fundamental changes in the 
technology used to produce steel. This pressure is mounting on three fronts: 

• the elimination of environmentally unwelcome emissions; 
• the improvement in energy efficiency; and 
• the minimisation of capital expenditure to install new or replacement capacity. 

Mr K. Tanaka of Nippon Steel at the 1990 Australian Coal Conference described the 
future primary process in the steel industry as likely to be a direct iron smelting plant 
consuming iron ore and coal directly 

Consequently the range of coals which might be used will include low grade thermal 
• coal, anthracite, char and powdered coke. 

Prior to that technology emerging on a commercial basis, the blast furnace, as a unit 
, of conventional primary processing equipment, will require more pulverised coal 

injection which will lower energy costs and improve coke oven life. Coal used as blast 
furnace injectant does not need to have coking properties. A preference is emerging for 
high energy coals with low ash and low sulphur 

BHP estimates that the market for coals suitable for PCI at 20 million tonnes by 
2000, and this will have an impact on coking coal demand. 

Thus the pattern of coal trade worldwide is about to see some changes. Amongst 
them will be that there will be more pressure on coal suppliers to supply shipments of 
even more uniform coal, even though of poorer quality. 
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Iron ore 

If the direct iron smelting plant appears on the scene commercially it is anticipated 
that lower quality fine iron ore will provide most of the metallic feed, with no , 
requirement for lump iron ore, pellets or sinter. 

Up until at least the year 2000, however, technological changes affecting iron ore 
usage and quality requirements are not expected to be significant. However, the iron ore 
supply and demand outlook is quite different. 

Currently, the supply and demand is in relatively close balance and world trade in 
this commodity is about 365 million tonnes traded internationally per year. 

Manganese 

Market conditions continue to be tight at 8 million tpa. This is expected to continue 
until 2000. High grade deposits are depleting in the Soviet Union and Eastern Europe, 
so demand is expected to increase. Prices are volatile. Alternatives to traditional 
sources are more expensive to produce. 

Copper 

Demand is buoyant. For example in Japan (a major consumer) demand grew at 9% per 
annum last year. A further 2% growth is expected this year (1990). 

Supplies of copper concentrate are limited though this situation will improve when 
the Escondida project comes on stream. 

Lead 

A similar situation to copper is in place. Estimated growth is between 2.25-3% per 
annum. Battery manufacture is the main use for lead. Therefore, demand depends on 
the fortunes of the automotive industry. Demand and supply is in balance. 

Zinc 

Demand for zinc galvanised steel sheets is brisk. Again there is a close relationship 
with the automotive industry. Zinc is also used in the construction and electrical' 
machine industry. There was a set-back in 1989 when a decrease in demand of 1.2% was 
experienced. It is anticipated that there will be an increase of 4.2% this year. 

Nickel 

Growth in demand is not as strong as other metals but quite firm nevertheless. The 
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nickel market is strongly tied to the steel industry as it is an important component in 
stainless steel. 

CONCLUSION 

In this address I have shown that there are a number of technical factors which will 
have an impact on the patterns of trade of some minerals in the region. 

I have also highlighted some of the issues raised by previous speakers which I 
believe will also influence the way in which the minerals and energy industry is 
conducted in the region. 
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18 Energy and the environment 
IAN GOULD 

This is a vital subject for the Pacific Rim at a time when dramatic increases in energy 
use are being forecast, and great increases in urbanisation of the population are 
expected. In 1985, 750 million Asians lived in cities; by 2000 the urban population will 
be about 1.3 billion. 

I first need to comment on these forecasts, because they are a salutary reminder of 
real problems and aspirations in the real world at a time when we are daily faced 
with discussion on the virtues of negative growth and 20% cuts in carbon dioxide 
emissions. 

MEETING THE GROWTH IN ENERGY DEMAND 

In ASEAN countries plus Korea and Taiwan during the 1980s there was a 135% increase 
in electricity generating capacity.1 In the 1990s a further 77,466 MWe new capacity 
will be added, equivalent to 110 % of the 1989 capacity.2 The Peoples' Republic of 
Zhina is expected to increase its generation capacity from 116,000 MWe in 1989 to 
20,000 MWe in 1999 — about 90% nett. 

These figures relate only to electricity, but we can expect the same pressures of 
x>pulation growth, economic growth and industrialisation to create a significant 
jrowth also in transport and other energy consumption. 

Where will this energy come from? For a start we need to remember the need to 
natch the nature of the supply with the actual demand which it best serves. For 
nstance, coal and nuclear power are best used for base load electricity generation (with 
tydro power for peak load). Liquid fuels are best used for mobile transport. Gas can be 
eticulated to homes and businesses very readily, along with electricity. Solar energy 
s best suited to low grade heat. These matters of matching supply and demand are 
veil known and I want to make it clear that I have no time for the fruitless advocacy of 
me kind of energy source against another which serves a quite different purpose. 

From 29,614 MWe to 70,211 MWe . 
Taking the total to 132,248 MWe but not considering retirement of old plant. Nett figures 
are 88% and 62,037 MWe. 
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Energy conservation 

Energy conservation is the first factor to consider. Saddam Hussein has reminded us of 
the economic desirability of making do with less energy. As a result of the first oi! 
price shock in 1972, many western countries concentrated research and capita! , 
expenditure on ways of managing with less energy per unit of gross national product. Ir 
the United States there was a quite remarkable decrease over 15 years to 1988 in the -
energy intensity of the economy, and the amount of primary energy used per unit of GNI 
dropped by 26%. 

As time goes on, energy efficiencies naturally become harder to find and more 
expensive to implement, but we must not lose sight of the potential for this. Nor o; 
course, should we get carried away by the extreme advocates of energy conservatior „ 
who assert exaggerated benefits from energy conservation. Unfortunately, they canno . 
be taken seriously when we are addressing the issue of supplying large slabs of nevt 
energy to growing economies. If the amount of energy used per unit of economic' 
production has decreased remarkably in many countries, it is equally remarkable tha. . 
the amount of electricity used per unit of GNP has remained extremely stable. That is , 
to say, electricity demand has grown at the same rate as GNP in the United States, anc 
I understand that the figures are similar for other advanced economies, including 
Taiwan and Singapore. This suggests that one of the main means of energy conservatior 
in developed countries and potentially also elsewhere is the increased application o 
electricity to areas such as industry and public transport. 

Where should this electricity come from? Twenty years ago, much of the world'r 
electricity came from burning oil. Thankfully, both the amount and proportion hav< 
decreased greatly, but natural gas is still widely used and there are proposals t<-
increase the use of natural gas on account of the fact that it creates only half as mucl 
carbon dioxide per unit of electricity as black coal. But natural gas, along with oil, is <. 
valuable chemical feedstock and transport fuel. I would like to suggest that coal anc 
nuclear power are the main contenders for the generation of the bulk of the electricity 
needed, particularly the base load portion. Hydro electric power is also an importan. 
source of electricity, but the potential is limited by a number of factors includinj 
topography in the particular location, climate and land use pressures. 

Coal 

Coal has been the traditional mainstay of base load electricity generation in mos 
countries for a very long time, and 39% of the new ASEAN capacity in the next decad \ 
is expected to come from coal. The world is not short of coal, but users are discerning 
about the different kinds available and the different environmental effects whicl 
they may have. All coal, when it is burned creates carbon dioxide which contributes ti" 
the greenhouse effect, though the connection between carbon dioxide increase anc 
global warming is by no means clear. Nevertheless, the choice of coals for a particula 
new power station may be made on the basis of which has the highest calorific valu- • 
and therefore creates ihe least carbon dioxide per unit of electricity produced. On thi 
basis, the brown coal or lignite which is widely used in central and eastern Europe anc.' 
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•;.';_ in Victoria would be the least desirable, since it gives rise to about 25 to 30% more 
;, carbon dioxide than a typical black coal. 
'•'<. Black coals are economically portable, and Australia's burgeoning coal trade with 
. ? , Japan, Korea and Taiwan is testimony to this. On greenhouse criteria, high calorific 
V coals are better than others. On other environmental criteria, notably propensity to 

cause acid rain, low sulphur coals are markedly better than those containing a lot of 
sulphur. Australia and Indonesia in particular are fortunate in having an enormous 
supply of high calorific value, low sulphur coals and these are keenly sought in world 

, markets for electricity generation. China's coal is said to have an average ash content 
of 27% and sulphur up to 5%. Burning this has enormous environmental impact when 
flyash and SO2 emissions are uncontrolled. 

Nuclear power 

, Nuclear power has been around now for about thirty-five years and is responsible for 
about 17% of the world's electricity. In Japan it supplies about 27% of the electricity 
and this will grow to 35% in the next decade and to 43% by 2010, if MITI projections are 
correct. The environmental and safety record of nuclear power for generating electricity 
has been remarkably good — the sole exception being Chernobyl in the Soviet Union. 

.,, This of course was a reactor design which would not have been licensed in any western 
,V. country and it was run in a way which would have been totally unacceptable in any 

country represented here today. 
The excellent safety record of nuclear power is all the more remarkable because the 

, technology actually in use has not evolved very much. A positive benefit of Chernobyl 
has been the stimulus given to the development of new, advanced reactor designs whose 
greater simplicity and sophistication makes them inherently safer and better than 
those currently in use. With the added impetus of concern about global warming, we 
will perhaps see some of these designs get beyond the prototype stage soon. 

In any objective consideration of energy and the environment, the attractiveness of 
nuclear power for electricity generation seems overwhelming. The fuel is a metal 
which has virtually no other use, which is relatively abundant in the earth's crust, 
which is readily portable (a couple of 200 litre drums of yellowcake — or one fifth as 
much enriched uranium — are all that is required to keep a major city functioning for a 
day) and it does not have any emissions or effluents. Waste disposal technologies and 
procedures have been developed and are ready to be implemented. Apart from 
Chernobyl, not a single life has been lost as a result of radioactivity from commercial 
power generation anywhere in the world in the course of more than five thousand 
reactor years of operation. What other technology can match this? 

However, having said all that, I acknowledge that coal will remain an appropriate 
fuel for electricity generation for many years to come. For reasons connected with the 
industrial infrastructure of particular countries, or for a variety of other reasons, 
nuclear power is not necessarily suitable for all situations. 
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Natural gas 

Let me return to the question of natural gas. I have referred to the desirability of using 
natural gas either as a fuel reticulated directly to homes and industry, or as a chemical •• 
feedstock, a building block for various of the organic compounds which are increasingly v 
important in our modern world. Despite the abundant supplies which have been 
discovered worldwide since the early 1970s, burning it for large scale electricity 
generation seems to me a great waste. Presumably, for reasons of cost and convenience, . 
ASEAN nations will use natural gas for 26% of their new capacity over the next 
decade, though I am glad to note that much of this will be energy efficient combined 
cycle plant. I am not persuaded that the perceived greenhouse advantages of using gas 
in this way are sufficiently great to overcome my reservations, particularly when one * 
considers that methane itself is a greenhouse gas at least six times as potent as carbon 
dioxide. It does not take very much leakage from natural gas production wells or 
pipelines to negate its advantage for electricity generation in respect to overall 
greenhouse effect, and there are some very alarming claims of massive routine leakages 
from Soviet Union and other natural gas pipelines. In addition, compressed natural gas 
is now starting to be used for powering commercial vehicles and, as oil prices remain 
high, we may well see this use expand dramatically, with improvements in self-
sufficiency in a number of nations. 

Oil of course remains the basic transport fuel of the modern world. While I have just , 
referred to its substitution by natural gas in certain applications, there is also the 
possibility of its replacement with electricity in some public transport. However, for 
aircraft and most cars, it is hard to foresee any wholesale replacement of oil as the 
primary fuel. In marine use, there are certainly other options and I have been 
interested to see the commissioning of some new coal fired bulk cargo ships in the last", 
few years. Perhaps in the not too distant future nuclear power for marine propulsion , 
will cease to be the sole prerogative of major navies. 

Solar energy 

Solar energy is already the world's most important energy source. It is the basis of all 
life on earth, and hence 'powers' our agricultural and forestry industries, and i t 
provides our primary means of keeping warm. If you think all this is simply labouring 
the obvious, it is because much of the discussion about solar energy is conducted as.' 
though it were some attractive new idea which a few enlightened people had 
developed and which the rest of us are really too dull to have appreciated. Even in 
industrial applications this is not so. The Australian salt industry uses nine hundred 
million gigajoules per year of solar energy in salt production, equivalent to two-thirds 
of the nation's oil usage. 

Having said that, however, I acknowledge that there is a lot of scope for us to 
increase utilisation of solar energy in applications such as air conditioning, water and 
other low grade heating and in certain small scale electrical applications. But so-
called renewable energy sources other than hydro electric do not yet have the potential 
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which is sometimes claimed for them. Even in high-tech Japan in 20 years time they 
are not expected to contribute more than 2% of the electricity. 

THE NEED FOR REALISM 

So while I concede the virtues of greater energy efficiency in all our Pacific Rim 
economies, and while I welcome the renewed attention being given to renewable energy 
sources, let us be clear that some real practical decisions have to be faced by those 
accountable for ensuring that energy supplies are available when and where needed. 

• The need for this realism is particularly acute in respect to electricity, where lead 
:..':• times are longest and environmental attention is most focused — often unreasonably, I 
. believe. 

Unfortunately, the political-energy equation does not balance: there is no way that 
one can reconcile a reduction in carbon dioxide emissions, restraint on hydro electric 

: , construction and a senseless paranoia about nuclear power with a doubling of energy 
. output in the Asian area in the next decade, no matter how much use is made of the 

conservation and efficiency factor. 
The aspiration of hundreds of millions of people in South East Asia and elsewhere 

will not be changed by the airy-fairy speculations of environmentalists and 
politicians. Much more energy will be needed. We had better work out how best to 
provide it, with respect to both economic and environmental considerations. 



19 China's steel industry and energy 
conservation 
WANG ZHENWU 

ABSTRACT 

The steel industry consumes a large amount of energy. China's steel industry 
accounts for about 10% of the total energy consumed by the whole country. 
In the -past two decades, there has been much -progress in energy 
conservation in the steel industry. The growth of steel output has been 
much higher than that of energy consumption and specific energy 
consumption has decreased sharply. 

While coal roughly maintained a share of about 70% of the energy 
consumption mix, during the 1980s the proportion of coking coal has been 
continually falling, reflecting ongoing efforts to conserve energy 

This paper discusses China's major energy conservation and fuel switching 
measures, which include operation refinement, burden material 
improvement, the introduction of energy-saving technology, recovery and 
re-use of effluent energy and pulverised coal injection. 

The steel industry is a large energy consumer. In major steel producing countries, the 
proportions of energy the industry consumes compared to total energy consumption" 
ranges from 5% to 15%. In China, while this proportion has been maintained at about 
10%, a slight decrease was noticeable in the 1980s. 

Energy costs have always been an important factor in steel production, comprising, in 
general, about 10% of operating costs. 

FEATURES OF ENERGY CONSUMPTION 

The following are some of the main features of energy consumption in the steel industry: 

• The lion's share (about 65%) of primary energy consumption is supplied by coal, and 
the proportions represented by fuel oil, natural gas and bought-in electricity vary. = 
considerably from country to country. 

• Blast furnaces are the major consumer, with 70-75% of the total primary energy 
consumed by a modern iron and steel complex going to the iron making sector 
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Typically, about a half a ton of fuel (primarily coke) per ton of hot metal produced 
is consumed. 

• The energy of by-product gases, high temperature products and slags and process gas 
pressure can be recovered and re-used as secondary energy in steel making processes 
or steam and electricity generation. 

ENERGY C O N S E R V A T I O N PROGRESS 

!n the past two decades, especially since the oil shock of 1973, much progress in energy 
•£ ., zonservation has been made in the steel industry. Because the energy supply constraints 
•',$• ind specific energy consumption levels of China's steel industry have been higher than 

;

t hose of the world's advanced economies, energy conservation has become a major goal 
; V ,)i the industry. Thus the growth of steel output has been much higher than that of 
'}' :nergy consumption in the period 1980-89. Steel output increased by 65.2% while energy 
;•'"''. :onsumption increased by only 30.9%. Average overall energy consumption — for mining, 
.'>" >re dressing, refractory, ferro-alloy and electrode production and machine repair and 
/ he like — per ton of crude steel produced has fallen to 1.636 tons of coal equivalent in 
' ;•• 989 compared to 2.04 tons in 1980. Comparable energy consumption per ton of crude steel 

. >roduced for the larger iron and steel enterprises, or so-called key enterprises, which 
>roduce about 70% of all steel in China, is roughly one ton of coal equivalent. These 
echnologically advanced enterprises include coking, sintering, iron making, steel 
naking, continuous casting, blooming and slabbing, rolling, in-plant transport, 
omb'ustible gas processing and transport. 

In the 1980s, in view of the energy consumption mix, coal roughly maintained its 
hare of about 70%, while electricity has experienced a slight increase at the expense 
f a decrease in fuel oil. It is worthwhile noting that the proportion of coking coal has 
ecreased constantly, reflecting continuous efforts to conserve energy. 

iNERGY C O N S E R V A T I O N A N D FUEL S W I T C H I N G MEASURES 

; LS well as strengthening energy metering, quota and information management and 
tandardisation, the introduction of computer control, air pre-heating, combustion 
ontrol and heat pattern improvement is bringing significant energy savings to the 
idustry. 
Concentrate grade increase, lime and scrap quality improvement, coke ash, content 

ecrease and the like have the potential to substantially reduce energy consumption. 
Major strides have been made to adopt continuous casting. Besides the yield increase, 

lis technology gives a saving of 100kg coal equivalent per ton CC semis. The CC semis 
utput increased to 10 million tons in 1989 from 2.3 million tons in 1980 and the CC ratio 
• 16.4% from 6.2%. It is estimated that CC ratios will rise to 21% in 1990 and to 25% in 
)91. Many other new technologies, such as ultra-high power electric furnaces, liquid 
>re ingot heating and rolling, hot charge rolling and direct rolling have been 
sveloped and used. 
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From 1980 to 1989 the ratio of open hearth furnace steel output to total steel output 

decreased from 32% to 21%, while the converter steel output ratio increased from 49% to 
59%, resulting not only in a great increase in productivity but also large energy savings. 

Many technologies, such as coke dry quenching (CDQ), blast furnace top pressure 
recovery turbines (TRT), stove waste heat recovery and BOF gas recovery, have been 
used to varying degrees. In Baosham Iron and Steel Complex, one of China's major steel 
producers, 82 Nm'/ton BOF gas is being recovered, with 23Kwh/ton and 28Kwh/ton of 
electricity being generated respectively from TRT and CDQ. In future, the use of proven 
recovery technologies will be widened, and technology developed for sensible heat 
recovery from products, gases and slags. 

Coke demand can be reduced by injecting fuel supplements such as oil and natural gas 
into the blast furnace. In view of depleting reserves of good quality coking coal and 
environmental constraints on coke making, the reduction of coke demand is . 
praiseworthy. With the sharp fluctuation and uncertainty of oil prices, and the 
projection that these will increase faster than coal, increasingly more blast furnace 
operators are installing coal injection systems. 

In 1989, the average coal injection rate was 53kg per ton of hot metal in the key < 
Chinese iron and steel enterprises, and in the Shoudu Iron and Steel Company, anothei • 
major producer, the coal injection rate reached 121kg per ton of hot metal, which is > 
abreast of the world advanced level. 

The technologies for increasing injection rate and expanding coal species suitable foi 
injection are under development. Doubtless, pulverised coal injection will be adopted 
more widely both in China and other countries. Due to their ready availability and 
lower cost, the non-coking coals will hold a bigger share in the energy market of the 
steel industry. 

It is well known that saving and switching energy sources are required to solve 
environmental problems. I am convinced that while significant savings have alread) 
been achieved, opportunities exist for further gains —the development of 
fundamentally new steel making processes and cleaner energy can contribute 
significantly to the solution of energy problems in the steel industry. 

Table 19.1 Rate of energy consumption in China — steel industry to total energy 
consumption 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

11.8 10.9 10.8 10.5 10.4 10.3 10.3 10.2 9.9 9.7 
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Table 19.2 Energy consumption in China's steel industry 

Total Overall Comparable 
'• . Year consumption3 SECP SECD 

'/•' ' 
£• 1980 7 090 2.04 1.20 
•i'- 1981 6 496 1.93 1.18 
'; 1982 6 675 1.91 1.15 
J 1983 6 912 1.84 1.13 
•'•• 1984 7356 1.78 1.11. 
, ' 1985 7 780 1.75 1.06 
-. 1986 8 403 1.70 1.04 
\ 1987 8 765 1.66 1.02 
:•' 1988 9 065 1.65 1.00 
-',• 1989 9 284 1J>4 099 

Notes: a '000 coal equivalent tons. 
b Specific Energy Consumption (coal equivalent tons per ton of steel). 

Fable 19.3 Energy consumption in China's steel industry by type 

Year Electricity Steam Coking Coke Fuel Natural 
(billion coal (million coal (million (million oil (million gas (million 
Kwh) tons) tons) tons) tons) tons) 

1980 31.478 16.654 42.978 29.034 4.213 0.957 
1981 30.152 15.874 38.612 29.528 3.770 0.743 
1982 31.407 16.293 39.812 26.596 3.704 0.733 
1983 33.513 17.178 40.983 28.036 3.564 0.735 
1984 35.795 19.923 43.270 29.970 3.547 0.704 
1985 39.730 21.157 46.171 33.004 3.530 0.677 
1986 43.236 21.584 49.285 36.828 4.126 0.733 
1987 46.890 22.431 50.992 39.294 4.151 0.730 
1988 49.476 24.196 51.274 40.942 4.324 0.796 
1989 53.910 24.620 51.300 43.309 4.477 0.790 

"able 19.4 Energy consumption mix in China's steel industry 

Year Electricity Coking Steam Fuel Natural 
coal coal oil gas 

1980 18.6 54.6 16.7 8.3 1.8 
1981 19.5 53.5 17.4 8.1 1.5 
1982 19.8 53.7 17.3 7.8 1.4 
1983 20.4 53.4 17.6 7.2 1.4 
1984 19.7 52.9 19.2 6.9 1.3 
1985 20.4 52.9 19.1 6.4 1.1 
1986 20.8 52.8 18.2 7.0 1.2 
1987 21.6 52.3 18.2 6.7 1.2 
1988 22.1 50.9 19.1 6.8 1.1 
1989 23.5 49.7 18.9 6.8 1.1 



20 Links between Pacific trade in coal 
and energy technology* 
P A U L PARKER . 

ABSTRACT 

The Kuwaiti crisis has further raised the profile of coal as a substitute for 
oil in the Pacific, but longer term coal prospects are also determined by 
environmental policies and the associated energy technology. This paper 
examines how domestic energy and environmental policies influence 
international trade opportunities. Energy objectives, like the promotion of 
non-oil fuels, and environmental objectives, like the reduction of S02, NOx 
and C02 emissions, are frequently expressed in policy statements. However, 
their implementation often requires the development of new technologies. 
Once developed, these new technologies not only have the ability to meet 
the initial domestic objectives, but also to be applied in other countries 
with similar objectives. The success achieved in technology to control SO2 
and NOx emissions must be followed by new technology to limit C02 

emissions if coal trade in the 1990s is to expand and also meet 
environmental objectives. Trade opportunities are created both for the sale 
of the new technology and for the associated training and maintenance 
services. The Japanese promotion of the Pacific Coal Flow Expansion 
Initiative with its new investment in coal transport, combustion and 
emission control technology is thus a logical product of earlier energy and 
environmental policies. Both parties to such transfers of technology benefit 
from the transfer and create greater Pacific integration through economic 
cooperation. 

The Kuwaiti crisis has' reinforced the position of coal as a secure energy substitute fo 
oil in the Pacific. However, longer term coal prospects are also determined b; 
environmental policies and the associated energy technology. The most important issu 
of the 1990s to influence coal trade in the 21st century is the political response to th 
emission of greenhouse gases in general and CO2 in particular. Energy and environ^ 

This paper draws from material in Parker (1990) and has received financial and/or advisor 
support from the Australia-Japan Research Centre, the Institute of Energy Economics, th 
National Institute for Environmental Studies, the Social Science and Humanities Researc 
Council of Canada and the London School of Economics. 
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mental policies are thus argued to affect not only the domestic economy, but also to 
have significant impacts on international trade patterns. Trade is generally regarded 
as a process of exchange between the country producing a good and the country consuming 
that good. However, trade in energy resources between two countries can be promoted by 
a third country because of indirect benefits like the sale of technology. Simple models 
of resource endowment or economic specialisation overlook the complex interaction 
among energy and environmental resources, global integration processes, and local 
economic activity. The role of the state, its policies and its interaction with industry is 
also important. This wider view of the factors which influence trade will be adopted 
in this paper. Energy and environmental policies at the national level will be shown to 
stimulate indirect trade opportunities at the international level through the 
development of new technology. 

ENERGY AND ENVIRONMENTAL VALUES 

Asia-Pacific economies have achieved rapid economic growth and their success is 
expected to continue. This growth has been built on a base of increasingly sophisticated 
energy supply systems. The prime objective of these systems is to provide reliable 
supplies of energy in the form and quantity desired. Electricity is the form of energy 
experiencing the greatest increase in demand. Oil remains the primary source of 
transport fuels, but coal has gained an increasing share of the total fuels used to 

, generate electricity. 
''•iv The expansion in electricity and other energy supplies has been successful in meeting 
•;rf\ the primary objective of supporting economic growth. However, these systems also 
,-},J- :ause damage to the environment and this damage is usually not valued in economic 
}',[• :erms. The result is a classic externality problem where the true social and 
/ jnvironmental cost of energy is not included in its price. This problem is growing larger 
; ( )ver time because the social values attached to the environment (and human health) 
')<, ncrease and the magnitude of the damage grows. Ideally, the damage caused would be 
, , priced and this cost included in the price of energy for the efficient allocation of 

•' 'esources. Instead, these price incentives are absent and the expected smooth adjustment 
n response to incremental changes to the valuation and damage of environmental 
•esources is replaced with political intervention and the imposition of new 
mvironmental standards. 

The cost of sudden change may be high, but it is a result of the de facto valuation of 
mvironmental resources through the political system because they were valued at zero 
>y the economic production system. The result is a step-by-step increase in production 
:osts as new technology is added to restrict emissions (of particulates, SO2 or NOx, for 
sxample) to acceptable levels. New technology is generally required to achieve new 
tandards and the owner of the technology gains sales opportunities as the new 
:nvironmental values spread to other countries. The development of new technologies 

, hus has long-term incentives in the form of future international sales to complement 
' / Iomestic sales. 
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THE LINK BETWEEN COAL A N D TECHNOLOGY 

The example of energy trade chosen for this study is the growing trade of energy coal' 
among Pacific countries.1 Rather than concentrate on the sources and destinations of 
energy coal traded around the Pacific Rim, this paper considers how Japanese energy 
and environmental policies not only meet domestic energy and environmental objectives 
but create opportunities for Japanese industry to benefit from increased Pacific energy 
coal trade. Japan's coal resources are limited in size and high in extraction cost, sc 
Japan does not expect to participate in the expanded Pacific coal trade directly 
Instead of exporting coal, the trade opportunity lies in exporting coal technology 
training and services. 

The new coal technology has been developed to meet the requirements of domestic 
energy and environmental policies. It improves the efficiency of boilers and combustior 
chambers, facilitates the generation and distribution of electricity, improves coa -
transport systems and protects the environment by restricting pollution emissions. This 
technology provides the link between domestic energy and environmental policies anc 
new trade opportunities. These policies can thus be added to the broad range of factor, 
which influence the international exchange of resources, goods and capital (Edginton 
1987). 

The creation of trade opportunities through innovations and improvements in produc 
design is not restricted to coal technology. Instead, it provides another example of the 
successful Japanese transformation of science and technology imports to yield improvec 
operational equipment for domestic use and then export. In this way, the pape 
contributes another element to the study of Japanese political economy where policies. 
are implemented through a combination of public and private investment (Johnson 
1988). However, this national process also has international implications and thc; 

paper draws attention to the national and international linkages. 

JAPAN A N D THE PACIFIC COAL FLOW EXPANSION INITIATIVE '\ 

Energy has a central role to play in the expected economic growth of East Asiai 
countries in the 1990s. Electricity requirements are forecast to grow especially quickl; 
to meet new industrial and residential demands. Coal-fired power stations are one o 
the main energy sources planned to provide the expansion of ASEAN electrificatioi 
programs. Many of these projects were identified as part of the Pacific Coal Flov 
Expansion Initiative (PCFEI). An estimated investment of $5.8 billion (1984 values) ii 
ASEAN coal-fired power stations was listed as part of the initiative. Similar project 
in the NIEs of South Korea, Taiwan and Hong Kong are estimated to cost $11.3 billioi 
(1984 values). These planned electrification programs in East Asia are central to th 

Energy coal (or steam coal) is distinguished from metallurgical coal (or coking coal) by il 
use. Energy coal is burned as a source of heat and is principally used in boilers in powe ' 
stations or other industry. Metallurgical coal is used to form coke and is principally used fc , 
the manufacture of pig iron. 
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PCFEI (NEDO and IEE, 1987; NEDO, 1989). The demand for power stations creates both 
the opportunity to provide the required external capital for the projects and to 
facilitate the sale of imported capital goods (estimated at 55% of total project costs) 
(Desai and Phaloprakarn, 1987). These trade opportunities should not be viewed in 
isolation, but set within the context of the formal objectives of the Pacific Coal Flow 
Expansion Initiative. 

The Pacific Coal How Expansion Initiative evolved as a specific example of Pacific 
Economic Cooperation. The initiative was discussed at the 1986 and 1987 Symposium on 
Pacific Energy Cooperation and then published by NEDO and IEE in 1987 as 'A Concept 
for Expanding Coal Flow in the Pacific Region'. It was given added support by the 
formation of the Japanese Committee for Pacific Coal Flow (JAPAC) late in 1987. The 
aims of the concept are threefold: 

1 stabilisation of energy demand and supply through reducing oil-dependency in the 
Pacific region; 

2 development of industry and society in the Pacific region through electrification by 
constructing coal-fired power plants; and 

;•; 3 expansion of smooth coal trade in the Pacific region (JAPAC, 1987). 

:»*.• A variety of economic and technical cooperation mechanisms have been proposed 
%' including the evaluation, selection and financing of proposed new coal mining and coal-
':,',' fired power projects in ASEAN countries. The emphasis has been on the promotion of 

•'.', coal utilisation technologies. This will expand coal consumption and limit the 
'•< environmental impact of coal projects through the use of pollution control technologies. 
;', The forecast investment in the coal chain (mine, infrastructure, boilers and power 
V; stations) in eight Asian countries in the period 1985-95 equals $27.9 billion in 1984 
•"•'. prices (Takahashi, 1987 p.167).2 

Japan has developed the required technologies in its own coal consuming industries in 
-esponse to the energy and environmental policies discussed later in the paper. The 
opportunity to export these technologies (including the associated training and 
naintenance services) is welcomed. For example, the proposed expansion of coal-fired 
dectricity generation capacity in East Asian NIEs and ASEAN is over two times the 
iize of planned Japanese expansion. Not surprisingly, over 80 companies and 
>rganisations (including banks, heavy industry, electricity utilities, trading houses, 
echnology manufacturers and mining consulting firms) have joined JAPAC to 
>articipate in these international developments (JAPAC, 1987). 

The impact of this investment in the coal chain will flow on to coal trade. Whereas 
, he four largest Pacific importers (Japan, South Korea, Taiwan and Hong Kong) 

.:„•' mported 24 mt of energy coal from the four largest Pacific exporters (Australia, 
Canada, the United States and China) in 1984, the import total from these countries 
ould reach 92mt in 1995. Similarly, the exports from these countries to ASEAN 
ountries could rise from 0.6mt in 1984 to 6mt in 1995 (NEDO and IEE, 1987). However, 

South Korea US$7.3 billion, Taiwan US$3.2 billion, Hong Kong US$4.1 billion, Indonesia 
US$8.0 billion, Thailand US$1.7 billion, Malaysia US$1.6 billion, Philippines US$1.5 billion 
and Malaysia US$05 billion. 
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this estimate of future trade flows assumes that all incremental demand is met by the 
four countries listed. A much more probable outcome will include energy coal imports 
from countries outside the region, like South Africa and Columbia. 

Insight into emerging trade patterns can be drawn from the rapid expansion of the 
Pacific energy coal industry after the oil shocks of the 1970s. Large-scale investments 
were made in exporting countries like Australia, Canada, China, the United States and 
the Soviet Union to supply the increased demand in the region. However, slow 
economic growth, decline in the steel industries of developed economies and the failure. 
of energy demand to reach the optimistic levels of prominent forecasts made in 1981-82, 
resulted in an oversupply of coal and falling prices to 1987. Another objective of the 
Pacific Coal How Expansion Initiative is to close this gap between demand and supply 
by promoting coal consumption (JANCPEC, 1988). 

Not all parties interested in the Pacific coal trade welcomed the Pacific Coal Flow 
Expansion Initiative. Some suppliers suggested that the attention given to increased 
utilisation is designed to ensure further investment in supply facilities, to maintain the 
oversupply capacity of the industry and to continue the low prices for energy coal. 
Other suppliers of coal technology argued that the initiative gives Japanese suppliers 
of technology an unfair advantage. These arguments raise the interesting linkage 
between public policy and private trade in the Pacific where government policy 
discussions like those surrounding economic cooperation are largely implemented by the 
private sector. 

The combination of government policy and industry implementation has < 
strengthened the consistency and role of Japanese parties involved in the Pacific Coal 
How Expansion Initiative. Rather than be left out of this expanding trade opportunity.' 
Australian, Canadian and American groups formed committees similar to JAPAC ir 
1988 and 1989. This belated response to the Japanese example reflects the differences ir 
government-industry collaboration on investment and trade decisions between Japan or 
one side and the three main coal exporters (Australia, the United States and Canada 
on the other. The Japanese arrangement has been termed 'plan-rational' when 
government and industry representatives have extended negotiations to define < . 
common set of goals before investing the resources to implement the policy or plan. Ii 
contrast, the United States-type arrangement is termed 'market-rational' and involve 
little government-industry collaboration. Instead, industry is to decide its investmen 
plans based on its view of the market (Johnson, 1982). Japanese energy policies 
including the 'Coal Renaissance' announced in 1988, are examined as an example of thi 
collaborative approach. 

The greater government-industry collaboration in Japan is reinforced by the greate 
government support for coal related research and development. In 1987 Japanes . 
government expenditure on coal-related research and development (R&D) was th 
highest among IEA member countries at $246 million. When compared on the basis c . . 
coal consumption, Japanese government expenditure was $2-4 per tonne (dollars spent o 
R&D per tonne of coal consumed) while American government expenditure fell from i< 
peak of over $1 per tonne in the early 1980s to less than $0.5 per tonne in the late 1980 
Canadian government support for coal related R&D during the 1980s was generally lei -
than $1 per tonne and Australian government expenditure remained around $0.4-0.6 pr 
tonne (IEA, 1988b). Each of these countries made improvements in coal relate 
technology as a result of policies designed to meet domestic energy and environment 
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objectives. The trade opportunities created by installing these technologies in other 
countries have encouraged the formation of national government-industry committees, 
like JAP AC. Before considering how effective these committees are likely to be, this 
paper reviews the energy and environmental policies in Japan to identify how R&D in 
coal technology was promoted. 

ENERGY POLICY OBJECTIVES 

Japanese concerns about vulnerability to disruptions in energy imports were reinforced 
by the oil crises of 1973 and 1979. As a result, the core elements of Japanese energy 
policy were to secure stable oil supplies, to promote the development and introduction 
of alternative (non-oil) energy sources and to promote energy conservation. The major 
preoccupation was to overcome dependence on imported oil from the Middle East 
(Perkins, 1985). In August 1990 the Iraqi invasion of Kuwait reinforced their concerns 
and MITI announced in September that it was starting the preparation of a 'new coal 
policy' to ensure energy security by substituting oil with coal (Matsuo, 1990). In the late 
1980s oil still accounted for 55% of Japanese energy consumption and over 50% of this oil 

, came through the Strait of Hormuz. To reduce this dependence upon Middle East oil, 
NEDO followed its earlier 'Sunshine' and 'Moonshine' projects with the 'Coal 
Renaissance' in 1988. 

The Coal Renaissance policy reinforces earlier components of the National Energy 
Policy with its primary objective to diversify energy sources and reduce the relative 
importance of Middle East oil. Coal was still identified as the main alternative to oil, 
but rather than continue to focus on large consumers like power stations and cement 
industry boilers, attention was directed to smaller boilers where oil was the dominant 
fuel. 

The electricity and cement industries made significant conversions from oil to coal 
combustion in the early 1980s and are the largest energy coal consumers in Japan. The 
cement industry converted almost its entire boiler capacity from oil to coal following 
the 1979 rise in oil prices. Consumption jumped from 1.6 mt (million tonnes) in 1979 to 
10.6 mt in 1981 before the level of cement production and coal consumption declined in 
the mid-1980s. In the electricity industry, conversions and the commissioning of new 
coal-fired capacity has been more gradual, but the size of the industry ensures that it 
shall remain the largest consumer of energy coal. The rate of increase was illustrated 
by the trebling of coal consumption from 7.0 mt in 1979 to 24.5 mt in 1989. 

In contrast to the large electricity and cement industry boilers, only 9% (on a capacity 
.;-:'. basis) of the smaller boilers used in other industries were coal-fired. The majority of 
'•'Jl general industry boilers (73% of total capacity) were oil-fired. In addition, only 12% of 

; r:/ the boilers had been installed since 1974 so reinvestment is expected in the near future. 
% ; To promote oil substitution a new strategy and new technologies for clean, convenient 
•'., < coal use was required to overcome the environmental and logistical constraints to coal 
,: use by general industry (NEDO, 1988). 
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ENVIRONMENTAL POLICY OBJECTIVES 

One of the main constraints to coal use is the increasingly stringent set of standards' 
designed to overcome environmental problems. Coal creates environmental problems 
(dust) during its transport and storage, but emissions from combustion have received the 
greatest attention. The Air Pollution Control Law was introduced to provide strict' 
regulations governing air pollution, including that created by fossil fuel combustion. As 
in other countries, particulates, NOx and SO2 received the greatest attention., ' 
Particulate emissions are not to exceed 100-300 mg/Nm3 (milligrams per standard cubic • : 

metre). 
A standard cubic metre consists of dry gas containing 6% O2, at a temperature of 0« 

degrees Celcius and a pressure of one atmosphere. The rate of gas emission determines 
the applicable standard with smaller plants, <40 000 Nm3/h (standard cubic metres , 
per hour), only meeting the more lenient emission standard. In addition, many 
prefecture governments impose tighter standards at approximately one-half of this 
level. NOx emissions face similar restrictions with emission levels not to exceed 200- ' 
350 mg/Nm3 (depending on the rate of gas emission and date of construction). The 
regulations governing SO2 emissions are both stringent and complex, taking into account 
the location of the plant (in a highly polluted region or not) and the height of the" 
chimney (IEA, 1988a). 

Emissions of CO2 have become a major political issue for the 1990s because of their 
contribution to the greenhouse effect. If CO2 standards are introduced, as envisaged by 
the adoption by some governments of the Toronto target of reducing CO2 emissions in 
2005 to 20% below 1988 levels, compliance would probably require a reduction in fossil 
fuel combustion through energy conservation and increased use of alternative energy 
supplies. The Australian government has set a goal of achieving the Toronto target, but 
left details to be implemented by the respective state governments and hedged their , 
position with a condition that Australia's international competitiveness not be reduced 
by such policies. At the same time, the Japanese Environmental Agency is negotiating 
with other Ministries to hold CO2 emissions at the 1990 level throughout the 1990s. If 
strong action is not taken, C 0 2 emissions are expected to continue to rise rapidly. In the 
case of Japan, CO2 emissions are expected to rise by a further 22% from 1988 levels by 
2005 despite efforts to switch fuels and increase energy efficiency (Fujime, 1990). 

Emission reductions can be achieved by substitution among fossil fuels, because 
natural gas releases approximately 50% of the CO z that coal emits per unit of 
electricity generated. This difference is caused by the higher hydrogen content of gas 
and its greater combustion efficiency. (Gas-fired combined cycle gas turbines are 
especially efficient.) This response of turning to gas as a substitute for coal is especially 
evident in proposed European electricity generation programs. However, even in 
countries where coal is expected to remain a major fuel, net emissions can be reduced. . 
One Australian proposal calls for the 50% reduction of atmospheric C 2 contributions < 
from thermal power stations by burning equal tonnages of coal and hardwood. The wood • 
is to be grown in plantations surrounding the power stations (10 km radius) which-
effectively act as carbon recycling devices. An alternative to changing fuels is to 
improve emission gas technology. 

In response to the progressive tightening of emission standards, Japan has become one 
of the world leaders in flue gas technology. Flue gas desulphurisation (FGD) equipment 
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was imported in the late 1960s to meet new environmental standards, but action was 
also taken to develop domestic technology. MITI (Ministry for International Trade and 
Industry) initiated research and development efforts into FGD as one of its large-scale 
industrialisation technology projects in 1966. In 1970 the first practical plants were put 
into operation and by 1984 over 1500 plants were installed with a total treatment 
capacity of 130 million Nm3/h (JEA, 1986). The equipment removes up to 90% of SO2 
and adds 10-15% to the cost of generating electricity (IEA, 1988b). 

National emission standards for NOx from stationary sources were introduced in 1973 
and subsequently tightened. The number of flue gas denitrification units installed 
increased from 10 in 1973 to 253 in 1984 with a total treatment capacity of 104 million 
Nm3/h (JEA, 1986). Various types of units were developed to work independently in 
high dust conditions or in the low dust conditions following treatment by conventional 
dust collectors. The most common technique of flue gas denitrification is dry selective 
catalytic reduction (SCR) which costs approximately the same as FGD (IEA, 1988b). 

The new challenge is to remove C 0 2 from the emission gases. Technologies like a 
selective membrane separation or absorber stripper systems using an alkanolamine 
based solvent have been proposed (Thurlow, 1990). However, the liquid waste would 
still need to be isolated from the atmosphere. Disposal into the ocean would probably 
only delay the release of CO2 into the atmosphere. Injection into abandoned oil and gas 
wells or even aquifers has been suggested. One means to extract the CO2 from the ocean 
is to increase coral growth (both the speed of growth and the areas where it will grow). 
This option is under investigation by Australian, Japanese and French scientists 
(Cummins, 1990). Artificial photosynthesis has also been proposed. The cost of any of 
these technologies is expected to be high and equal all other capital and operating 
;osts (Thurlow, 1990). 

Instead of relying on technology to remove pollutants after combustion, 
'•f}. environmental standards can also be met by increasing energy conservation to reduce 
':>& consumption, improving fuel quality, changing the combustion process or introducing 
Vi ^ lew combustion beds. These new technologies are expected to meet environmental 
'/[• standards more cheaply than flue gas treatment. Changes to combustion technology are 
?•'. ilso expected to improve the environmental performance of smaller boilers. This 

:reates the expectation that both energy and environmental objectives can be met by 
•{< iew coal technology. 

^EW COAL TECHNOLOGIES 

Ĵew coal technologies have been identified to achieve both the diversification of 
;nergy sources away from oil and the maintenance of environmental quality standards. 
n June 1985 small boilers were required to meet the SO2, NOx and particulate emission 
tandards which had previously applied to larger stationary sources (JEA, 1986). The 
esulting constraints to coal use by general industry can be systematically reviewed by 
dentifying available countermeasures. 

The problems of SO2, NOx and particulate emissions can be controlled after 
ombustion by electrostatic precipitators, bag filters, flue gas desulphurisation, and 

•;. Iue gas denitrification. Control can also be introduced at the preparation and 
.- ombustion stage by coal cleaning and preparation, fluidised bed combustion, multi-
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stage combustion and low NOx burners. Similarly, problems of ash disposal can be . 
overcome by new techniques to use ash (namely, in cement production or road, 
construction) and lower ash fuels. Particulates, NOx, and SO2 emissions can also be 
reduced by a 2-stage combustion process which uses a lower temperature pre-incinerator -
(coal partial combustion technology) attached to the front of a boiler (Tagaki, 1990). 

Problems of variations in coal quality can be overcome by the introduction of 
fluidised bed combustion boilers, coal-water mixture fuels (CWM) or the coal cartridge' 
system (CCS) which delivers standard ten tonne capsules of pulverised coal and then 
removes the ash in the same capsule. The lack of delivery systems available for small 
users is to be overcome by the establishment of regional coal centres. New delivery 
techniques (CWM or CCS) enable coal to be handled as a liquid or in a standardised 
unit and thereby avoid dust emissions during transport (NEDO, 1988). 

The stage of development varies for each of the above technologies. The emission 
control technology is well developed and operating in hundreds of plants. Fluidised bed 
combustion is in operation at over 20 Japanese boiler sites. Ash is being disposed of by . 
direct use in the cement industry and other uses are at the demonstration stage. 
Demonstration of the CCS system is complete, but it is yet to be put into commercial 
operation because of the higher handling costs than conventional systems. The COM 
(coal-oil mixture) technology has been put into operation by Tokyo Electric Power 
Company after overcoming initial slagging problems. Having successfully initiated 
COM operations, TEPCO is converting its COM facility to CWM operations (TEPCO, 
1988). Other companies and industry organisations are also conducting research into 
these technologies. The above technologies are those identified for the first Coal 
Renaissance in 1990. They are available for use during the 1990s to enable medium and 
small sized boilers to burn coal directly. The result is forecast to be an increase in energy 
coal consumption in Japan of 5mtpa by the year 2000 (NEDO, 1988). The technology can 
also be sold to consumers in other countries and is listed in PCFEI documents (NEDO and 
IEE, 1987). 

The process of technological change is expected to continue beyond the first stage of < 
the Coal Renaissance when the technologies described above are introduced during the 
1990s. The second Coal Renaissance is to follow at the turn of the century. This second >_ 
stage involves the introduction of new technologies for coal gasification combined-cycle 
power generation, coal liquefaction and coal gasification. Research and developmenl 
work is already under way, but the processes are not expected to be in commercial 
operation before the year 2000 (NEDO, 1988). As in other industries, the success of MIT1 
and NEDO policies promoting new energy technology is determined by the extend to 
which they conform to market pressures or enhance Japan's position within the markel 
(Eads and Yamamura, 1987). 

COST COMPARISONS AND INVESTMENT DECISIONS 

The cost of constructing and operating boilers with new coal technology needs to be 
compared to the investment in a conventional heavy oil-fired boiler. The capital cosi 
of the new coal technologies is up to twice that of a heavy oil-fired boiler (for standard • 
100 tonnes per hour boilers). However, the annual cost (including capital repayments) , 
can be lower for the new technologies. NEDO (1988) estimated that the fluidised bed 
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system has annual costs equal to 88% of the heavy oil system while the CCS and CWM 
systems were slightly more expensive at 90% of the cost of the heavy oil system. The 
higher cost of investment would thus be recovered through lower operating costs in 6-7 
years. These attractive calculations are dependent upon underlying assumptions about 
heavy oil costing over twice as much as the fuels for the other boilers. The forecast fuel 
costs were: heavy oil, ¥27,170 or $211 per kl; CCS, ¥14,40 or $112 per kl; CWM, ¥10,800 
or $84 per kl; and fluidised bed fuels, ¥9470 or $73 per kl (NEDO, 1988). Differences 
between these forecast prices and actual prices would change the relative 
attractiveness of the new coal technologies. 

The investment required to strengthen the coal chain (supply and processing 
facilities) was also estimated as part of the Coal Renaissance. Current investment in 
the 20 operating coal centres, including 7 with a capacity greater than lmtpa, was 
estimated to be ¥50 billion ($380 million). The cost of a new coal centre with a total 
capacity greater than lmtpa, a CCS capacity of 300,000tpa and a CWM capacity of 
500,000tpa was estimated to be ¥7-8 billion (excluding land and port costs). The 
addition of processing and ash treatment facilities would cost a further ¥3-5 billion. 
Given an interim goal of having ten such centres distributed throughout the country, the 
required investment is ¥44-66 billion or $340-500 million (for two complete coal centres 
and the addition of processing and ash treatment facilities at 8 existing centres) 
(NEDO, 1988). 

The corporate confidence in this public view of energy futures (including price and 
demand forecasts) is demonstrated by the Japanese oil industry. A prominent corporate 
example of the Coal Renaissance in operation is Idemitsu which is diversifying from 
its oil industry base to invest in all stages of the coal chain. Idemitsu consumes coal 
directly in boilers at its five oil refineries and has vertically integrated operations to 
supply energy coal to other consumers. The company can choose from 70 international 
brands of energy coal for purchase, has equity participation in 5 coal development 
projects (spread among Queensland and New South Wales in Australia, Canada and 
the United States), has established a large bulk terminal at Chiba and is investing in 
the research and operation of many of the new technologies described above (Idemitsu, 
1988). 

The largest Japanese oil company, Nippon Oil, has announced its intentions to follow 
a similar pattern of investment in all stages of the coal chain. Long-term contracts are 
being replaced with direct investment in Australian coal mines to ensure the supply of 
coal as an alternative to oil for its energy customers in Japan (Tex Report, 1988). 

The decision of Japanese companies to implement the Coal Renaissance policy is not 
, caused simply by a shared view of future energy objectives, prices and demand patterns. 

The Japanese government also has an extensive system of subsidies, low interest loans, 
special tax treatment, depreciation allowances and training assistance to encourage 
investment in new coal technology and supply systems, especially in designated regions 
of the country (NEDO, 1988). 

INTERNATIONAL IMPLICATIONS 

;>. International implications arise from the technological developments promoted by the 
% 'Coal Renaissance policy and earlier energy policies which promoted coal as an 
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alternative to oil in the large boilers of the electricity and cement industries. 
Environmental policies required coal-fired boilers to meet strict environmental 
standards. The result is the development and operation of clean coal technology. The 
export of these technologies has the potential to increase coal consumption in other 
Asian countries as they have in Japan. In addition to the aggregate increase in coal 
consumption, the coal technology would enable other countries to achieve the initial 
energy and environment objectives of reducing dependence on oil and improving 
environmental protection. These international linkages occur wherever the new 
technology is transferred - developed or less developed countries, Europe or Asia. 

By the mid-1980s, Japan had become an exporter of air pollution control equipment 
(JEA, 1986). Examples of export opportunities include Austrian and Swedish 
approaches to Japanese companies (EPDC, Electric Power Development Company and \ 
TEPCO, Tokyo Electric Power Company) to learn about and purchase the technology 
developed for controlling the emissions of coal-fired power stations (JEA, 1986; Japan , 
Economic and Industrial Newspaper 2 July 1988). The demand for this technology. 
results from the environmental problems associated with coal combustion and the. 
shared objective to reduce emissions in many countries. NOx reduction techniques are of 
special interest to the European countries given their concern about the effects of acid 
rain and the contribution of NO to the greenhouse effect. 

The electric power industry had demonstrated that emissions could be controlled to . 
stringent levels, yet energy efficiency of the power stations remain at 38% (IEA, 1988b). 
The loss in energy efficiency as a result of the environmental protection equipment 
(electrostatic precipitators, flue gas desulphurisation and flue gas denitrification) was ' 
between 0.5% and 1.0% (CRIEPI interview, 1988). Beyond these achieved levels, future • 
improvements in technology are forecast to reduce emission loads per unit of GDP to 20% 
of 1985 levels by 2030. This would enable coal consumption to treble in the future while 
total emission levels remain constant (Murai, 1987, p.197). To achieve such results, . 
improved technology must be developed and applied so that increased energy coal use 
is compatible with the maintenance of environmental quality. Information about these 
Japanese achievements in coal-related technology is disseminated throughout the 
Pacific region in an informative periodical titled Coal in Asia-Pacific published by 
NEDO. This publication is a concrete example of Pacific cooperation and information 
sharing. 

PAOHC ECONOMIC COOPERATION 

Cooperation in the trade of energy coal is an example of broader initiatives in the 
areas of energy cooperation and economic cooperation in the Pacific region. The focus on 
Pacific cooperation, which emerged during the 1980s, grew from the recognised 
economic integration and rapid rate of economic growth achieved by countries in the 
region (Drysdale, 1988). The Pacific Community Seminar was first held in Canberra in 
1980 and Pacific Economic Cooperation Conferences have been held at regular intervals 
since that time (PECC, 1988). One of the spin-offs from these conferences has been the 
formation of Task Forces or Study Groups to investigate particular sectors, like the 
Minerals and Energy Forum. Specialised conferences have been held to identify areas of 
interest and interaction among nations in the region. 

> 
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Energy cooperation is an area of particular interest and opportunity for cooperative 

action. Energy consumption ranges from high per capita levels in the developed 
countries to low levels in the less developed countries of the region. However, the 
importance of energy as a contributor to economic development in the less developed 
countries is recognised and demand is expanded to grow rapidly. Growing demand for 
energy in the industrial sector is complemented by changing demand in the residential 
sector, especially as the electrification of households spreads. 

The growth in electricity demand is illustrated by the ASEAN countries where the 
rapid growth in electricity sales during the 1970s and 1980s is expected to ease to 8% 
per annum in the period 1987-2000. To meet even this moderate expansion in demand, 
the electricity investment program must increase from $2.8 billion per annum in 1980-86 
to $3.0 billion per annum in 1987-91 and $4.3 billion per annum in 1992-2000. Past 
electricity investment accounted for a significant part of total capital formation in 
ASEAN countries (5-6% in Malaysia and Thailand, 10% in Indonesia and the 

'. Philippines) and this share will increase in Indonesia and the Philippines if planned 
projects go ahead. Electricity projects not only absorb a significant proportion of total 
domestic investment, they also require substantial imports of capital equipment which 
need to be paid for in foreign currencies. The import, or foreign currency, component of 
electricity projects is expected to remain close to 55% of total investments. The value of 
this imported generating and transmission equipment will rise from $1.6 billion per 
annum in 1987-91 to $2.4 billion per annum in 1992-2000 (Desai and Phaloprakarn, 
1987). The magnitude of these investments shows both the opportunities for sales to the 
ASEAN countries and their need for external capital. 

External capital can be raised through a variety of means. Private financing (loans, 
debt or direct investment) may be arranged, but in the case of electricity generation, 
public authorities play the largest role despite many proposals for private BOT 
(build-operate-transfer) power projects (Green, 1989). Public finance may can be raised 
as loans from multilateral agencies (World Bank or Asian Development Bank) or 
through bilateral arrangements with another country. The Mae Moh power station in 
Thailand provides an example where more than one agency (World Bank and 
Australian Development Assistance Bureau) has contributed to the project (IEA, 
1988a). In addition to loans, grants may be received for participation in projects of 

\ >nterest to aid agencies. The emergence of Japan as the world's largest contributor of aid 
''•t-i co less developed countries in the late 1980s and its special interest in the Asia-Pacific 
if region, combine to expand its influence in the electrification of the region. 
,.}, The role of Japan, through the 80 corporate members of JAP AC, is expected to be 
\i- central in both Asian electrification programs and the Pacific Coal Flow Expansion 
/ nitiative. Other Pacific countries have resources, technology and skills to contribute as 
\ /veil. The United States invested in coal-based research and development in the early 
•.'< . 1980s and has developed several successful technologies including CWM combustion. 
,'.'"," Zhina concentrated on fluidised bed combustion (FBC) to enable the combustion of low 
.•':•' ;rade fuels at over 2,000 sites (Cai-Quan, 1984). It remains to be seen how effectively 

different countries will compete for the provision of coal, capital, technology and 
-ervices promoted by the Pacific Coal Flow Expansion Initiative. The different types of 
oolicy and investment in technology may prove decisive. 
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CONCLUSION 

Energy and environmental policies have been shown to create trade opportunities by 
stimulating technological developments which can then be sold to other countries., 
Japanese policies were used as the case study. Energy policies designed to promote the 
diversification away from oil as the principal source of energy combined with stringent 
environmental standards to create demand for new coal technology. The preparation of 
a new coal policy was announced in September 1990 and will build on the Coal 
Renaissance policy of 1988 and earlier M m industrial development projects and NEDO , 
Sunshine projects. One result may be the further promotion of new coal technology. The 
availability of improved technology enables coal to meet both energy and 
environmental objectives and compete as an attractive energy source in the expanding-
energy programs of other Asian countries. The exception to this achievement is the 
control of CO2 emissions and this problem must remain the first priority of the coal 
industry's research agenda for the 1990s. If coal is to retain its growing position in 
Pacific energy trade, new technologies are required to meet environmental objectives. 

The desire of other Asian countries to expand their energy programs (especially 
electricity supply), creates potential markets for the new coal technology. The Pacific 
Coal Flow Expansion Initiative was promoted by Japanese interests within the context 
of Pacific Economic Cooperation. Proposals were prepared to combine the interests of 
capital and technology rich countries with those countries which had scarce capital, 
and technology. Combining these complementary interests promotes growth and trade 
in the region. Competition among suppliers will determine who provides the capital, 
technology and resource inputs for particular projects, but the availability of proven 
technology which has already met national energy and environmental objectives 
provides a strong starting point. The expansion of trade opportunities for energy and 
environmental technologies in the 1990s implies that these international interests 
should be taken into account when designing initial energy and environmental policies 
and deciding on research and development investment programs. 



21 Continuing magnitude of coal in 
balanced strategies centering on 
the environment 
AKIRA KINOSHITA 

The proverb, 'Danger past, God forgotten' was repeatedly used with respect to energy 
crises in the past. It is a basic theme in policy formation to ensure the balance in 
intergenerational preference as well as in intragenerational equity. 

Global climate change is an issue essentially different from conventional 
environmental pollution in terms of uncertainty, extent of impacts, time scale and 
feasibility of technology. There are many cases where global change issues are 
debated in terms of conventional environmental control without any achievement. And 
the required response strategies are often sought without investigation of the benefits 
and costs or the process of sharing the cost burden. 

This is currently the case with the problems associated with the emission of 
greenhouse gases. But the adoption of conventional environmental control mechanisms 
can sometimes be considered in operational terms to prevent global change. The issue of 
deforestation, which is assumed to contribute considerably to total greenhouses effects, 
is one such example. 

In reality the future energy requirements of both the industrial and developing 
countries will remain heavily dependent on coal in terms of the existing energy supply 
mix and cost competitiveness. Energy security has a major bearing on this. Switching 
from coal would result in the disruption of energy supply markets and the world 
economy. There is, however, growing concern over increasing reliance on coal because of 
the contribution of coal combustion to global climate change notwithstanding existence 
of the scientific uncertainties. 

The more the global environment is of concern, the more efficiency of resources use 
should be pursued. Importance should be attached to the total assessment of the net 
balance between total outputs and inputs. In general, this aspect is expressed by the 
total costs. The most practical and economical method for reducing CO2 emissions from 
coal is to increase the energy efficiency of coal use technologies. This is especially 
important within many developing countries where the average level of plant 
efficiency is well below the levels currently being achieved in OECD countries. 

MAGNITUDE OF COAL SUPPLY 

Coal is the most abundant fossil fuel and is widely endowed throughout the world. 

223 
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This basic characteristic defines why coal is so important in the energy mix. It is based , 
on competitiveness in terms of stability and economics. 

Coal is a reliable and vital option which comprises 70% of the heat content of 
worldwide fossil fuel reserves and represents 28 % of world's energy requirements. In 
particular, coal accounts for 40% of total world electricity production. According to 
World Energy Statistics and Balances, IEA coal shares 53% of electricity production in 
non-OECD Asian countries. 

As a result of its abundant supply; coal will continue to play a major role in the 
electricity sector. This is especially important since demand growth will continue at 
high levels reflecting increased electrification as a basis of economic development in 
developing countries. According to IEA coal information, total capacity of coal-fired 
power plants existing in 1989 in non-OECD Asian countries excluding China reached 19 
GW and the planned additions by 1995 will amount to another 19 GW. 

TOTAL EFFICIENCY OF RESOURCES 

In the evaluation of policy or technology options, cost is an important parameter.: • 
Sometimes the balance between economics and environmental conservation is considered, ', 
in terms of trade-off, but we need a more objective and rigorous economic framework to 
examine resources consumption in order to conserve the environment. In general, a high . 
cost option may represent a higher consumption of resources which may induce greater - _ 
impacts on the global environment through direct and indirect industrial linkages. Of 
course, the cost of options must be evaluated not only in terms of energy cycle cost but in 
terms of the total costs of the interlinked systems including capital costs, operating 
costs, environmental control costs, refurbishment costs, disposal costs, decommissioning 
costs and research/development costs. It will be important to place emphasis on the 
strict examination of contingencies involved by the total cost of a technology and to , 
secure objectivity in costing in a situation where the social preferences should play an, 
important role in the assessment of a technology option. 

With worldwide interest in environmental problems, control measures should be " 
assessed in accordance with a common perception about importance of overall resource 
consumption efficiency. That is, the problem we face is the optimisation of resources 
consumption. Optimisation should include environmental control, where importance is 
attached to the evaluation of a very long timeframe of environmental impacts and the 
contribution that can be made by overall inputs of specific technology in the 
interindustrial context. Such an assessment should include not only the environmental 
impacts of scientific technology, at the emission phase of energy production, but also 
those made, directly and indirectly throughout the life of that technology; that is, 
from the investment and preinvestment process to decommissioning including the 
impacts on the whole fuel cycle. An energy option, represented by emissions at the exit' 
stacks, may be recognised as being clean in its emission phase and is more likely to have 
negative impacts on the global environment. However, total resource inputs required 
throughout the whole process from investment to decommissioning may exceed its total 
output. 

Environmental policies in today's economic framework are directed towards 
internalising environmental control costs. Private costs are balanced against external • 
social costs in public choice terms. But in extending this form of analysis to global : 
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change, the fundamental problem is that the identification of external economic factors 
are so complex that they cannot be internalised easily. In internalising such costs, 
there must be a process where the interactions of economic activities with the 
environment are evaluated more precisely by scientific tools so that they can be 
justified in economic terms.. 

This optimisation of energy resources with environmental constraints must also 
involve a cumulative balance of environmental benefits from any particular energy or 
fuel policy over the full time-scale, not merely in the short term. For instance, a policy 
which shifts consumption from coal to other fossil fuel would accelerate their 
depletion, which could generate fundamental distortions and inconsistencies in the 
environment and economy. A policy which achieved short-term reductions in CO2 
emissions might well lead to greater cumulative emissions in the long-term through 
acceleration of new technologies which have negative impacts in terms of the 
cumulative balance. 

This relates to the introduction of a time dimension in the stream of costs and 
benefits. We adjust the difference in values at present and in the future by a certain 
discount rate which is intended to reflect the intertemporal social preference. 
However, some contemporary consciousness may look for another concept. A 
fundamental modification of the conventional way of thinking may be needed in order 
to take prompt action at times of uncertainties. Changes in concepts of growth may also 
oe required. 

BALANCED STRATEGIES 

Qnder any assumption, it is, first of all, crucial to secure sufficient energy supply for the 
ong term. Such requirements can never be realised by a single energy supply source. The 
imdamental requirements of an energy supply strategy under uncertainty are: to 
:ompose a balanced and diversified fuel mix in order to make economic mechanism 
nmction through inter-fuel competition, and to assure proper stability and flexibility 
n energy supply. If environmental constraints prohibit development of a diversified 
energy supply structure including use of coal, which shares approximately 30% of the 
/vorld energy supply, this would not only disturb the demand-supply situation and 
jring disruption upon the world economy but place serious burdens on the international 
oalance of payment of developing countries through tremendous volatility in energy 
mces. In other words, emerging cost burdens for environmental control would be much 
smaller than the expected total increase of fuel cost. Accordingly, there cannot be a 
:oncept of energy supply in terms of the separated single option but in terms of an 
ntegrated options mix. 

The importance of providing a diversified and multi-faceted options mix strategy 
nust be further emphasised when taking into account the wide range of interactions in 

..••' he holistic context, centring on global changes. Considering the complexity and scope 
';' ' >f this problem as well as the insufficient stock of knowledge, the strategies to be 
f;' idopted would have to be flexible as they may require modifications in mid course as 
;'' lew information is added. Such a strategy must involve efforts to minimise the cost of 
''„,' uncertainty related to decisions on a step-by-step basis and the alteration of decisions. 
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It is important not to concentrate the strategy just on emissions of fossil fuels but to 

consider establishing an overall and wide ranging option mix strategy. This will 
necessarily involve aspects such as population, transportation, land use/forestation, 
urban development, recycling and education. The relationship between greenhouse 
gases, or other dominant factors, and the global temperature has not been scientifically . 
established. But given that the marginal effect of each option to reduce the total 
emission loads on a global basis is different, it is natural to set priorities on the' 
strategy options based on the comprehensive cost-effectiveness of efficient deployment 
of environmental control resources. In this regard, a more scientific approach to justify, 
cost-effectiveness should be accelerated. It should take into account the level of 
uncertainties of respective information 

In order to realise the total efficiency in resource use, and to minimise and re-use the' 
emission sources, increased attention should be paid to systems-oriented strategies. 
This orientation would include the concept of a new synthesis of energy systems such as. 
development of the cascade system, combined heat and power, and, 
cogeneration/coproduction. The transportation sector, which shares 30% of total final ' 
energy consumption in the OECD, should be a major objective of the strategy mix.' 
Electrification and comprehensive land use development planning must also be 
targeted. 

CURRENT REGULATIONS AND ATTAINED STATUS 

Needless to say, the environmental control costs primarily depend on levels of emission 
limits. In Japan, environmental regulations have been oriented to direct regulation of 
emissions. There is a tendency towards area-wide total emission load control strategy. 
Direct regulations are working in three phases: law regulations, municipal ordinances, 
and pollution control agreements between plant operators and concerned municipalities. 
In practice, the pollution control agreements effectively dominate. The important facl 
is that, thus far decentralised regulations tend to apply much stricter standards than 
the national standards. 

Actual emission limits at coal-fired power plants of the Electric Power Development 
Company (EPDC) are shown in Table 21.1. Emission limits are listed in terms of ppm 
and lb/MBTU to facilitate the comparison in a respective manner. 

The ambient SO2 level has been effectively reduced every year by the regulations on 
stationary emission sources. The present status actually attained is far below the 
standard value. The ambient air quality of NO2 has not changed substantially. 
Although the NO2 levels measured at the regular monitoring stations are below the 
required standard, the values obtained at road-side stations are just competing with; 
the standards. This indicates that effective control has to be taken for mobile emission 
sources. 

*• 

APPLIED CONTROL FACILITIES 

SOx emission is controlled by employment of tall stacks, use of low sulphur content fuels 
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and FGD. In Japan, 70% of total existing coal-fired plant capacity is equipped with 
FGD. In particular, those existing coal-fired power plants located in environmentally 
sensitive areas are fully equipped with FGD. New plants coming on line are to be fully 
equipped with FGD irrespective of site situation. The wet/limestone-gypsum process is 
used for all the FGD systems at the plants. Gypsum, as a byproduct, can be used in 
various markets such as cement and building materials. These FGD systems have been 
operated with high reliability with an on-stream availability of almost 100%. Gas-
to-gas heat exchangers have been adopted at the later plants instead of after-burners 
for flue gas reheating. These changes in design necessarily involve changes in costs . 

NOx emission is controlled by combustion modifications and flue gas denitrification. 
Combustion modifications already became a standard practice and are applied through 
two-stage combustion, flue gas recirculation, low-NOx burners and accelerated 
reduction of NOx generation inside furnace. In accordance with the revision of the 
national standard for NO2 in 1978, progress in technological development of the 
Selective Catalytic Reduction (SCR) process allowed large-scale application for coal-
fired power plants with high reliability and relatively low cost. At present, the SCR 
system is adopted by 58% of total existing coal-fired utility capacity. More than 70% 
of the coal-firing capacity under construction is to be equipped with DeNOx. 
Feasibility and reliability of this process has been well proved through actual 
performance at these coal-fired plants. 

With respect to particulate control, electrostatic precipitator (ESP) is now widely 
used. In addition, combined particulate control systems with ESP and FGD have also 
become a standard practice at coal-fired power plants. At the earlier plants for 
exclusive use of indigenous coal, cold-side ESP systems were employed. The later 
plants, burning imported coal, adopted hot-side ESP systems to attain the required 
efficiency of particulate collection in view of differences in quality of overseas coals. 
This hot-side type also relates to SCR systems to be located on low dust stream in these 
cases. In general, hot-side ESP systems involve relatively higher capital costs than 
those of cold-side systems, reflecting the larger volume of flue gas. 

ACTUAL ENVIRONMENTAL CONTROL COSTS 

The issues associated with exchange rates pose some problems. Conversion of currency 
contains serious inconsistencies due to the possible existence of a gap in value adjustment 
particularly in such plant costs where a time lag exists for adjustment in international 
competitiveness represented by an average conversion rate. Taking account of such 
aspects, 1985 prices are adopted. Although there would be many inconsistencies, costs 
are converted into 1985 prices by simply employing GDP deflators. Then, 1985 dollar 
terms are used, where a conversion rate of ¥220 per dollar in 1985 annual average is 
applied. 

There could be invited various debates on the discount rate and capital recovery 
period for annualisation of investment costs. For this generalisation, a discount rate of 
• 10% per annum is applied, leaving aside any discussion on risks and uncertainties 
related to the future environmental control. With respect to plant life, 7 years is 
. allowed for adoption of environmental control facilities under regulations in Japan. 
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Policy consideration is given to encouraging environmental measures under • 

technological uncertainties. For this present example of cost estimates, however, 20 
years is applied given that it would be too difficult to replace the environmental 
facilities independently from the serviceable life of the main plant, which is 
authorised as 15 years in rate-making regulations in Japan. Inflation naturally falls- --
into uncertainties and this is closely associated with the basic concept of the discount 
rate. No inflation is imposed for this level of control costs because of some hesitation in 
introducing further possible disturbances for the cost implication. 

Investment costs include all of the direct and indirect costs attributable to 
investment, covering: preliminary works including environmental impact assessment; 
land acquisition; temporary construction facilities, services, equipment, supplies etc.; 
civil and architectural works; machinery and all other equipment; general 
administrative expenses for construction; and interest during construction period. 
Operating costs include all the direct and indirect costs attributable to operation and 
maintenance, fuel, utilities, overheads, and taxes. 

It is obviously difficult to generalise characteristics of the investment costs, which 
differ by scale, market situation, detailed specifications, design strategy, local and 
site factors, contract terms, recovery of R&D and so forth. In particular, prudent -
attention should be paid to the implication of the absolute level of costs converted into 
US dollar terms. The latest representative investment costs (1000 MW unit) in terms of 
US dollars per kilowatt of gross installed capacity ($/kW) are shown in Table 21.2. It 
is noted that investment costs for the balance of the plant mainly reflect the size of the 
dedicated coal receiving ports attached to the plant in Japan. It is obvious that an 
FGD system needs the heaviest investment among the environmental control facilities. 

Table 21.3 summarises bus-bar annual costs (mills/kWh) as well as the same costs per , 
tonne of coal equivalent of fuel input ($/tce). Given the environmental requirements ' 
thus being implemented, coal-fired electricity generation has been competitive with 
other fuel based electricity generation. Based on the same costing procedures, cost ' 
reduction can be generally improved through historical technological improvement and, 
an intensified competitive market. The important finding is that technological 
alternation, in general, implies that better economic results are achieved. 

TECHNOLOGY DEVELOPMENT 

Whatever the conclusions from an assessment of fuel policy options, it will clearly be 
justifiable to adopt those beneficial measures for reducing greenhouse gas emissions . 
which have other advantages as well and no apparent disadvantages, whether global 
warming occurs or not. In this regard, energy efficiency improvement essentially 
provides the most feasible immediate potential. 

In developing countries, electrification has been rapidly increasing as well, due to 
urban and industrial development. The electrification rate to total primary energy 
requirements is estimated to be more than 25% in non-OECD Asian countries. It must be 
emphasised that each 1% increase in absolute power generating efficiency results in a 
3-4% reduction in CO2 emissions. 

Increasing energy efficiency cannot only extend the capability to meet worldwide. 
economic requirements for energy, but also reduce environmental impacts from 
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recognised pollutants like particulates, sulphur dioxide, nitrogen oxides, carbon 
monoxide, and hydrocarbons while mitigating any increase in global CO2 concentration. 
It also necessarily reduces resources requirements induced by decreased energy 
requirements. In this regard, the potential benefits of improved efficiency can be 
recognised particularly for many of the developing countries where there is now 
abundant flexibility to introduce a highly efficient system combined with a concept of 
the total energy system involving the urban system, and extending the conventional 
power system. 

In Japan, a coal-firing 1000 MW unit, recently commissioned and equipped with FGD 
employing a gas-to-gas heat exchanger to save fuel for reheating as well as SCR, has 
Deen operating with plant efficiency of more than 38% attained by an elaborate 
•eduction of plant use in various components. 

In addition to the technological advantages of atmospheric fluidised bed combustion 
AFBC) which is characterised by flexibility for use of diversified coal sources, 
jnvironmental performance and capability to meet fluctuating loads, pressurised 
luidised bed combustion (PFBC) is expected to provide greater efficiency and require 
ess space owing to its more compact size and modular form. In Japan, a 70MW PFBC 
:ombined cycle, employing ultra-super critical turbines and ultra-low dust ceramic 
liters, is to be demonstrated by EPDC by 1994. This will lead to a commercial plant 
vith a projected efficiency approaching 45%. 

EPDC attaches importance to development of PFBC since it is the most feasible 
echnology to be achieved in the short term for efficient environmental performance, 
fhis technology can work efficiently for the base load and the -middle load and has the 
ibility to meet fluctuations in the load. More strategic importance of this technology is 
ittached to its flexibility in siting, because of a shorter construction period and smaller 
pace. In addition, the final cost of electricity generation is expected to be more than 
0% lower than with the conventional pulverised coal-fired plant. 

Integrated gasification combined cycle (IGCC) technology has been identified by a 
\umber of utilities as the dominant coal-based electricity generation technology for the 
990s and beyond. The oxygen-blown IGCC systems approaching efficiency of 40% are 
eing offered commercially on a worldwide basis. The air-blown IGCC offers the 

. )Otential for higher efficiency of 42%, but is not developed beyond the large-scale 
dlot plant stage at present. A topping cycle is being developed in which the hybrid 
ycle, consisting of coal gasification, PFBC, gas turbine and steam turbine, has the 
potential for achieving a 46% energy efficiency. 

After the year 2000, IGCC/fuel cells and magnetohydrodynamics (MHD) combined 
ycle offer the potential for reducing CO2 emission of existing thermal power plants by 
alf. 
Furthermore, several processes have been considered for the removal and storage of 

arbon dioxide from combustion gas. The technologies for CO2 removal are available, 
ut would add substantial cost to power generation. Liquefaction of the gas is a 
ossibility particularly if oxygen-gasification is used. Proposed storage methods for 
arbon dioxide include dissolution in deep oceans or storage as plant material. 

file:///umber
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INTERNATIONAL COOPERATION 
COAL CONSUMPTION 

Needless to say, international cooperation is an essential basis for implementing an 
environmental strategy. Strategy options which bring new international confrontation 
cannot be implemented. In particular, financial assistances and technology transfer tc •• 
the developing countries are crucial requirements. Environmental strategies will nol 
achieve success without the establishment of secured institutional arrangements foi 
financial assistances and technology transfer. 

Given the current globalised economy, prudent and innovative considerations are 
needed to reach the rational criteria for international policy instruments. The criterie 
should imply maximised efficiency for conservation of global environment. In addition 
we should not forget the fundamental mechanism that fuel excluded by regulation wil 
penetrate with attractive prices into another market unregulated if the regulation -
cannot be observed equally on a world basis. 

It. is obvious that the participation by developing countries in the furthei • 
development of a future strategy is essential. It is advisable to pursue the 
establishment of a joint program for incorporating technologies providing improver 
energy efficiency. It should include distribution of demonstration projects and energj 
efficiency improvement centres in developing countries. In addition, government; 
should eliminate institutional barriers in order to promote a more favourable 
investment climate for the transfer of technologies to developing countries. 

CONCLUSIONS 

1 In the light of growing needs for reliable energy supplies, a balanced mix o 
available energy sources which include coal will need to be maintained thereb; 
providing the comprehensive approaches to environmental conservation. 

2 Efficiency of resources-use on a total basis should be pursued and should includ 
environmental strategies which do not distort resource allocation for the globe 
environment. 

3 Given that it is natural to take step-by-step actions which benefit more thai 
climate change and are feasible in their own right, priority should be given t 
fulfil the measures for conventional emissions and energy efficiency improvements.. 

4 Policy measures and the institutional framework to facilitate financing assistanc 
and technology transfer with respect to environmental control in the developin 
countries need to be stepped up. 

5 On encouragement of research and development for global climate issues, a researc 
system to secure the optimum resource allocation for final conservation of the glob* 
environment is required. 
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Table 21.1 Actual emission limits 

so 2 NO 
X 

Particulate so 2 NO 
X 

g/Nm 3 Plant Name ppm 1b/MBTU ppm 1b/MBTU g/Nm 3 1b/MBTU 

Isogo 60 0.12 159 0.26 0.05 0.04 
Takasago 136 0.27 300 0.49 0.05 0.04 
Takehara 180 0.36 76 0.12 0.04 0.03 

Unit 1 
Matsushima 260 0.52 300 0.49 0.10 0.08 
Takehara 100 0.20 60 0.10 0.025 0.02 

Unit 3 
Matsuura 100 0.20 60 0.10 0.04 0.03 

Unitl 

Table 21.2 Representative investment cost 
(100 MW, 1985 prices) 

US$/kw % 

FGD 120 (13) 
SCR 37 (4) 
ESP 38 (4) 
Waste water treatment 29 (3) 
Sub-total 223 (23) 
Balance of plant 957 (100) 
Total plant 1,180 

Table 21.3 Representative environmental control 
(bus-bar cost, 1,000 MW unit, 1985 prices) 

Mills/kwH % US$/tce 

FGD 4.8 (58) 14.8 
SCR 1.5 (18) 4.6 
ESP 1.2 (14) 3.7 
Waste water 0.8 (10) 2.5 
Total 8.3 (100) 25.6 



22 Disposal of coal ash from coal-
fired power plants in Taiwan 
CHDEN-JEN LIU 
AND 
TONY T. L. LIAO 

ABSTRACT 

The total installed capacity of the Taiwan Power Company (Taipower) in 
1989 was 16J>94 megawatts (mw). This was composed of 2.563 mw of hydro, 
5.137 mw of oil-fired thermal, 3,750 mw of coal-fired thermal, and 5,144 
mw of nuclear power generating units. The latest Taipower long-range 
power development program shows that an additional installation of 
19,825 mw will be required before the year 2001, comprised of 8,075 mw from 
coal-fired units. 

In 1989 the amount of ash produced by Taipower's coal-fired power plants 
was 1,361 million tons, of which 447,000 tons (or 32.8%) was utilised, the 
remaining 914,000 tons being disposed of by ocean dumping or seashore 
reclamation. 

Since Taiwan's power requirements in coming years will be largely 
furnished by coal-fired power generation, total ash production in the 
period 1990-2001 will be as high as 28 million tons. Because of limited land 
and the probable effects on marine ecology of inland disposal and ocean 
dumping, respectively, seashore reclamation will become the principal 
method for ash disposal in the future. 

Four methods for final disposal of industrial wastes are specified in the 
appropriate regulations. 

Since coal ash is not a hazardous waste, either 'stable' or 'sanitary' 
disposal methods can be applied. However, in order to reduce the amount of 
ash that needs to be disposed of, the utilisation of fly ash should be 
positively promoted. 

Taipower is willing to share its experience in ash disposal with the 
countries of the Asia-Pacific region, since Taipower's experience is 
applicable to these countries. 

The Taiwan Power Company, also known as Taipower, is the sole utility supplying 
electric power to Taiwan, the Pescadores, and offshore islets. At the end of 1989, the 
installed capacity of the Taipower system was 16,594 megawatts (mw), and the 
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peaking load in 1989 reached 13,422mw, marking an 8.8% increase over the previous 
year. The power generated in 1989 was 76,909 gigawatt-hours (gwh) including 6,658 
gwh (8.7%) from hydro, 20,853 gwh (27.1%) from oil-fired thermal, 22,298 gwh (29.0%) 
from coal-fired thermal, and the remaining 27,100 gwh (35.2%) from nuclear power 
plants. At present, Taipower owns four coal-fired power plants: Shenao, Linkou, Hsinta 
and Talin. Eleven coal-fired steam turbine-generators, totalling 3,750 mw, are installed 
in these power plants. The coal consumed by these units in 1989 amounted to 8.741 
million metric tons. After coal burning, 1.361 million metric tons of ash was produced, of 
which 447,000 tons (or 32.8%) was commercially utilised. The remaining 914,000 tons of 
coal ash was disposed of by ocean dumping, inland filling, or seashore reclamation. 

In the future, because of the unreliability of oil supplies and the active anti-nuclear 
movement, Taiwan's electric power supply will be largely furnished by coal-firing. It is 
anticipated that by the end of 2001 an additional 8,150 mw of coal-fired units will be 
installed in Taipower's power generation system. Total coal consumption from 1990 to 
2001 for all coal-fired units installed is expected to rise to 187 million tons, and the 
total amount of coal ash produced in the same period is estimated to be 28 million tons. 
Therefore, the disposal of such a large amount of coal ash will present Taiwan with a 
difficult problem in the coming years. 

This paper discusses coal-fired power generation in Taiwan, current practice and 
future plans for coal ash disposal, its potential environmental impact, and related 
environmental regulations. 

ELECTRIC POWER SUPPLY IN TAIWAN 

Existing power supply system 

Taipower was established in 1946 after the Second World War when Taiwan was 
restored to China. It is organised under the National Enterprise Act and operated as a 
state-owned enterprise. 

As of the end of 1989, the total installed capacity of Taipower's generation system 
was 16,594 mw, composed of 2,563 mw (or 15.4%) of hydro, 8,887 mw (or 53.6%) of 
thermal, and 5,144 mw (or 31%) of nuclear power generating units (see Table 22.1). 

Expansion plan for the power supply system 

Electric power demand in Taiwan has been very high for the past 40 years because of 
rapid industrialisation, vigorous commercial activity, and rising living standards. 
Except during the two energy crises, the annual growth rates for power generated and 
peaking load have both been as high as, or higher than, 10%. 

A long-range power development program has been formulated according to the 
atest load forecast. The program shows that an additional installation of 19,825 mw 

•. of power generating facilities will be required before the year 2001, comprised of 
;oal-fired units at 8,075 mw (an 8,150 mw increase and 75 mw decrease), or 40.7% of the 
otal installation. The power generated by coal-fired units will be 64,530 gwh in 2001, 

A'r^sMi M liill.. 
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accounting for 42.0% of total power requirements for that year (see Tables 22.2 and - • 
22.3). 

COAL-FIRED POWER GENERATION 

Existing coal-fired power plants 

Presently, there are four coal-fired power plants located in north and south Taiwan, 
which accommodate eleven coal-fired generating units totalling 3,750 mw in capacity 
(see Table 22.4). 

In 1989 the power generated by coal-fired units amounted to 22,298 gwh, accounting 
for 29.0% of total power generation. 

Future coal-fired power plants 

Since the anti-nuclear movement has been very active in Taiwan, only two nuclear units 
have been considered for installation before 2001. Therefore, coal-fired power < 
generation will play a key role in the supply of energy in the coming years. The 
proposed coal-fired power plants and their status are listed in Table 22.5. From the • 
table, it is obvious that 13 units of coal-fired power generators, rated at 550 mw and 750 
mw and totalling 8,150 mw, will be installed before 2001. 

As regards future coal-fired power generation, the figures will be 37,465 gwh in 1995 . 
and 64,530 gwh in 2001, accounting for 33.5% and 42.0% of total power generation for 
each of those years respectively. 

Coal consumption 

The amount of coal consumed by Taipower for power generation in 1979 totalled 1.663 
million metric tons, but this rose to 8.741 million metric tons by 1989. Coal consumption 
in the period 1979-89 is shown in Table 22.6. A total of 8,150 mw of coal-fired units will 
be installed between now and 2001. Table 22.7 shows estimated annual coal 
requirements, including coal required for existing units. The table indicates that, in 
general, coal requirements will increase at a rate of more than 10% per annum, and an 
amount of 24 million tons of coal will be required in 2001. Since indigenous coal 
production is very limited, most of the coal required in the future will be imported. 

CURRENT PRACTICE OF COAL ASH DISPOSAL 
Coal ash production and util isation 

In 1989 the amount of ash produced by Taipower's coal-fired power plants was 1.361 
million metric tons. Of this, 447,000 tons (accounting for 32.8%) was utilised, the 
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remaining 914,000 tons being disposed of. Table 22.8 shows coal ash production and 
utilisation for the past decade. 

In order to increase the utilisation of coal ash through resource recovery, ash is 
supplied free to any companies or individuals at Taipower's coal-fired power plants. 
According to Taipower's statistics, coal ash is generally utilised for paving roads and 
runways, ready-mixed concrete, and concrete products. 

Table 22.9 shows different utilisation percentages for the years 1985-89. From the 
table, it is obvious that in Taiwan coal ash is mainly used in producing ready-mixed 
concrete. However, coal ash is utilised more widely as: fly ash cement; concrete 

' additives and admixtures; raw cement material; asphalt filler; road foundations; 
-{; materials for civil construction and buildings such as blocks, boards, sidings and 

, potteries; artificial light-weight concrete aggregates; fertiliser; snow melting agent; 
artificial reefs; foundation improvement; filter material for dewatering; and land 
reclamation. 

Current coal ash disposal methods 

Coal ash produced by Taipower's coal-fired power plants is currently disposed of by 
ocean dumping or seashore reclamation. The following is a brief description of coal ash 
disposal being carried out by each power plant. 

Shenao Power Plant 

The installed capacity of the Shenao Plant is 400 mw, consisting of three units: 75 mw, 
125 mw and 200 mw. Annual coal consumption of the plant averages around 900,000 tons, 
with coal ash production of about 170,000 tons (see Table 22.10). At present, about 20% 
of ash is utilised in fly ash cement or as additives to concrete. The remainder is 
disposed of by sluicing into the sea. 

Linkou Power Plant 

Two coal-fired power generating units, one rated at 300 mw and another at 350 mw, are 
installed in the Linkou Power Plant. Its average coal consumption is around 1.4 million 
tons per year, with an annual ash production of about 200,000 tons. In 1989 about 50% of 
ash production was utilised, the remaining 100,000 tons being disposed of (see Table 
22.11). 

The ash to be disposed of is transported by slurry method to an ash pond located 
about one kilometre to the northeast of the power plant. The pond is constructed with 
seawalls enclosing 21 hectares of coastal land. Ash pond capacity is about 1.250 
million cubic metres, with an average depth of about five metres. 
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Hsinta Power Plant 

The Hsinta Power Plant has four coal-fired units, two rated at 500 mw each and the . 
others at 550 mw each. Annual coal consumption averages 5 million tons. Ash. . 
production averages about 700,000 tons per year. In 1989 the percentage of ash 
utilisation reached 28.9% (see Table 22.12). Up to the end of August this year (1990), , 
most of the unutilised ash was disposed of by the following ocean dumping methods: 
• Bottom ash disposal 

The amount of bottom ash to be disposed of amounts to 140,000 tons per year. The 
bottom ash is crushed by crusher, mixed with seawater, then sluiced to the bottom 
ash pond through a 12-inch pipe. The bottom ash pond is located immediately to 
the west of the power plant occupying 2.75 hectares of coastal land (see Figure > 
22.1). 

• Fly ash disposal 
The fly ash is loaded into ash ships, then transported to two dumping districts 
more than 25 nautical miles away from the shoreline where the water depth is 
more than 200 metres. 

Inland disposal is also used at the Hsinta Power Plant in bad weather when 
navigation of ash ships is difficult. The inland disposal site, Yenchao, is 30 kilometres 
away from the plant. The ash is transported to the disposal site by covered trucks. To 
date, about 250,000 tons of fly ash has been disposed of at the Yenchao inland disposal 
site. 

Talin Power Plant 

Five units of steam power generators are installed in the Talin Power Plant — Units 1 
and 2 are coal-fired, the other three are oil-fired. Units 1 and 2, which have a ' . 
capacity of 300 mw each, were originally designed as oil-fired units; however, after 
the oil crises of the 1970s, they were converted to coal-firing in 1984. Units 1 and 2 
consume about 13 million tons of coal annually. 

Annual average production of coal ash from the Talin Power Plant is about 170,000 
tons. In 1989,35.4% of ash produced was utilised (see Table 22.13). 

Ocean dumping has been adopted for disposal of ash produced in the Talin Power 
Plant, and its dumping district is about the same as that employed by the Hsinta Power 
Plant. 

FUTURE PROGRAM FOR COAL ASH DISPOSAL 

Estimates for coal ash production in the period 1990-2001, which are shown in Table 
22.14, assume an average ash content of 15. The table shows that in 2001 ash productior 
will be 3.6 million tons; for the period 1990-2001 it will be as high as 28 million tons. B 
all the ash is disposed of by seashore reclamation, 290 hectares of ash ponds will be 
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required. The following describes the future ash disposal programs for each of the 
power plants. 

>' Shenao Power Plant 

In order to mitigate the adverse effects produced by the ash sluiced into the sea, a 
small ash pond has been constructed in the power plant. A large ash pond, to be located 
at the seashore near the power plant, is being planned. 

Hsinta Power Plant 

Ash ponds on coastal land have been planned for the future disposal of coal ash 
produced by the Hsinta Power Plant. The construction of ash ponds is divided into two 
stages. The first stage pond, which has been constructed between the bottom ash pond 
and the cooling water outfall, occupies an area of 500 by 200 metres and can hold 437,000 
cubic metres of ash. Maximum pond depth is 35 metres. It is estimated that the life of 
this pond is about two years. The first stage pond has been in use since September 1990. 
The ash is transported to the ash pond by conveyor belt from the ash silo located in the 
power plant (see Figure 22.1). 

The second stage ash pond is adjacent to the first and is located between the intake 
breakwater and the cooling water outfall. The pond occupies an area of 900 by 200 
metres with a maximum depth of six metres. If the ash filling is put at five metres 
above the sea level, the capacity of the pond will amount to 2.1 million cubic metres. 
The pond can be used for ash disposal for about nine years. 

The seawalls for ash ponds are lined with geotextile filter fabrics which prevent 
the ash particles from flowing out to sea while allowing the sea water to flow into the 
pond to neutralise alkaline leachate. 

Talin Power Plant 

The government of Kaohsiung City, where the Talin Power Plant is located, is now 
undertaking a reclamation project. Reclamation will be achieved mainly by filling up 
the sea with construction waste earth, slag from steel mills, and fly ash from power 
plants, creating an area of 200 hectares. Taipower has joined this project and will 
obtain four million cubic metres of reclamation volume for ash disposal. This volume is 
sufficient for ash disposal by the Talin Power Plant for 20 years. 

Taichung Power Plant 

The Taichung Power Plant is located in the Taichung Harbour region. The plant site is 
on reclaimed land from sea sand. Four coal-fired electric generating units rated at 550 
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mw each are presently under construction. The scheduled commercial operation dates ' 
for these units are from May 1991 to May 1993 (see Table 22.5). 

A plan for the additional installation of four units, Units 5 through 8, also rated at 
550 mw each, is under review. The commercial operation dates of these units are , 
scheduled for May 1995 to April 1997 (see Table 225). 

An ash pond with an area of 24 hectares is being set up within the power plant 
boundary. However, this ash pond is designed for emergency use and a long-range ash . 
disposal plan for the Taichung Plant is, necessary. 

In planning an ash disposal system for the Taichung Plant, the following 
requirements were considered: 

• The life of the generating unit to be 35 years. 
• The capacity factor of the unit to be 70%. 
• All ash produced by eight units for 35 years be considered. 
• The ash content of coal to be 15% on average. 
• Bottom ash to include ash from boilers, pulveriser rejects, economiser ash, and air 

heater ash (accounting for 20% of total ash production). 
• Fly ash — the fine ash particles which are entrained in the flue gas — to be 

removed by electrostatic precipitators. (Fly ash accounts for 80% of the total ash 
production). 

• The waste from the flue gas de-sulphurisation (FGD) system to be included. 

• For planning purpose, the utilisation of coal ash and FGD waste will not be 
considered. 

The total quantity of combustion solids including ash and FGD waste to be disposed ," 
of is estimated at 61.224 million cubic metres. The quantity of combustion solids for one ' 
550 mw unit in 35 years is shown in Table 22.15. 

A combustion solids disposal site divided into five stages has been planned (see • 
Figure 22.2). The total capacity of the disposal site is 70 million cubic metres, sufficient 
to contain combustion solids produced by eight units of 550 mw in 35 years, even if units 7 
and 8 are upgraded to 750 mw. 

In the proposed disposal area, the depth of water ranges from 4.5 metres to 17 metres 
at mean water level. To provide the most economical and functional seawall possible, 
the seawall is divided into a rubble mound type wall built for seabed elevations equal 
to or above -6.0 metres, and a sand-filled concrete caisson for lower seabed elevations. 

In order to contain the combustion solids in the disposal pond, geotextile filter fabrics 
will be placed along the side of the pond and on the bottom of the seawall. The 
geotextile filter fabrics consist of synthetic fibres fabricated into cloth and designed 
with specific engineering properties. 

The filling of each stage with combustion solids will be performed using two 
processes. Since the majority of the disposal volume will be below sea level, the initial 
filling will be by slurry transport and direct discharge into the water contained in the 
pond. The filling will proceed in this manner until a delta is formed slightly above the 
water surface at an approximate elevation of +5 metres. The coarser grained bottom ash 
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v used to reduce windblow fugitive dust problems will be used to fill the disposal area to 
'/':• about one metre below the final fill grade of +8.05 metres. 
':»',• The bottom ash will be transported to the disposal area by trucks. There will be 
•;' periodic spraying with seawater to settle and control fugitive dust. To eliminate any 
'',/, future exposure of combustion solids, and prevent direct runoff of rainfall in contact 
v ; with the combustion solids, a final cover of soil, one metre in thickness, will be placed 
< :over the bottom ash (Figure 22.3). 

! POTENTIAL ENVIRONMENTAL IMPACTS 

In general, three methods can be considered for disposal of coal ash produced from coal-
fired power plants, namely, inland disposal, ocean dumping and seashore reclamation. 
However, because of limited land in Taiwan, the inland disposal method is 
impractical; on the other hand, because of its potential impact on fishing, ocean 
dumping is best avoided. 

Therefore, seashore reclamation will be the principal method for disposal of coal 
ash in the coming years. In the following, the potential impacts of the seashore 
reclamation method and mitigation measures will be discussed. 

; Impacts during construction 

During construction, temporary increases in suspended sediments and turbidity will 
, occur in the immediate vicinity of the construction activities. However, no significant 

> long-term effects will result because most of the sediment will be of local origin and 
" - subject to the natural sediment transport mechanisms of tides and currents. 

Impacts during operation 

Pond water discharge 

Decanted sluice water used for transport of ash will be discharged from the storage 
pond to the sea. Fluctuation of pond water levels resulting from tides will cause the 
seepage of ash leachate to the sea. The leachate from ash ponds is of concern due to the 
possibility that the heavy metals present in the ash may enter the sea and adversely 

. affect marine ecosystems. However, a worldwide survey carried out on surrounding 
water quality adjacent to ash disposal ponds indicates that the heavy metal 
concentrations and pH values are within the water quality standards upheld by the 
world's advanced countries. The conclusion is that the quality of the surrounding 
seawater adjacent to the ash disposal ponds will have no detrimental effect on the 
marine environment, and that treatment of water discharged or leachate from ash 

, ponds is not required. However, continuous monitoring of the quality of the discharged 
and surrounding water is necessary. 
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Fugitive dust emission 

During normal operation of ash disposal ponds, combustion wastes will be sluiced to the 
ponds and there will be little potential for fugitive dust emissions from the storage . 
area. When the sluiced ash rises above the water surface in the pond and forms a delta, 
bottom ash and other coarser materials, not susceptible to wind erosion, will be placed 
over the fly ash. The bottom ash will then be covered with soil and rock to finish the 
reclamation process. During the placement of bottom ash and soil, some dusting will 
occur; however, this can be suppressed by seawater spraying. 

Change of alongshore current and littoral drift 

In general, currents moving alongshore, which are the results of tidal flows and wind- ', 
driven flows, will be deflected in an offshore direction by the ash pond addition. Sand 
moving alongshore in the littoral drift is carried by the alongshore currents. As the 
velocity of these currents is altered by the ash disposal seawalls, ability of the, 
currents to transport sand will be changed. Usually, modelling studies are required tc 
identify the changes and the mitigation measures are considered accordingly. 

Fishing losses 

The seashore reclamation method usually involves a large area of coastline. This often 
causes conflict between power utility and the fishing industry. A careful study and. 
assessment of the impacts on fisheries of ash disposal is required. If losses to fisheries 
are substantiated, negotiations with fishermen to compensate them for their losses are 
needed. 

ENVIRONMENTAL REGULATIONS REGARDING A S H DISPOSAL 

Definition of wastes 

According to the 'Waste Disposal Act' promulgated in 1974, and its amendment, wastes 
are divided into 'general wastes' and 'industrial wastes'. General wastes include 
garbage, excrement, carcases, or solid and liquid wastes generated by non-industrial 
sources that might pollute the environment. The industrial wastes are again divided 
into 'hazardous', and 'general' industrial wastes. Hazardous industrial wastes are 
those generated by industries that are toxic or dangerous, or that have concentrations 01 •. 
quantities of toxic substances that are harmful to human health or the environment. 
General industrial wastes are those generated by industries that fall outside the 
hazardous wastes category. 

Whether coal ash is a hazardous or general industrial waste determines the method 
of final disposal. In the Waste Disposal Act, coal ash is not classified as a hazardous 
industrial waste, but neither is it classified as a general industrial waste. Therefore, ir 
order to determine whether the coal ash is a general industrial waste or not, Taipowei ; 
has recently carried out leaching tests on coal ash. The results of the tests show that -
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\ the concentrations of toxic chemical substances are far below the criteria for hazardous 
';,;•' wastes. 

Final disposal of industrial wastes 

The central environmental protection agency promulgated 'The Method of Storage, 
Clean-up, and Disposal of Industrial Wastes and Standards of Disposal Facilities' (or 
'Disposal Facility Standards') in May 1989. These Disposal Facility Standards specify 
four methods for final disposal of industrial wastes; namely, stable disposal, sanitary 
disposal, sealed disposal, and ocean dumping. The disposal methods applicable to coal 
ash and the requirements for each disposal facility are described below. 

,. Stable disposal method 

, The wastes that can be disposed of by the stable disposal method include: 

• glass rubbish; 
• pottery and porcelain rubbish; 
• construction wastes such as soil, bricks, and concrete rubbish; and 
• general industrial wastes specified by the central environmental protection agency. 

When the stable disposal method is adopted, the disposal facility has to fulfil the 
following requirements: 

(a) A sign board shall be put up at the entrance of the disposal facility to indicate 
the kind of waste, period of use, and the owner's name. 

(b) A fence or barrier shall be established around the facility. 

Sanitary disposal method 

The wastes that can be disposed of by the sanitary disposal method include: 

• general industrial wastes that need no intermediate treatment; 
• general industrial wastes that have been treated by intermediate treatment; and 
• hazardous industrial wastes that have been treated by intermediate treatment and 

can be regarded as general industrial wastes. 
When the sanitary disposal method is adopted, the disposal facility must fulfil the 

following requirements in addition to those required for the stable disposal method. 

[a.) The facility shall have measures to prevent land subsidence and subsidence of the 
facility itself. 
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(b) The bottom of the facility shall use clay or its equivalent material as foundation. 
The foundation shall be more than 60 cm in thickness, having a permeability 
coefficient smaller than 10.7cm/sec, and compatible with the waste to be disposed 
of. The artificial impervious material also can be used as the foundation of the. 
facility; in such a case, the impervious material shall be at least 0.2 cm in 
thickness, with a permeability coefficient of smaller than 10.10 cm/sec, and ' 
compatible with the waste. 

(c) Monitoring wells, at least one each upstream and downstream of underground 
water flow, shall be set along the boundary of the facility. 

(d) Fire extinguisher or other fire-fighting equipment shall be provided at the. 
facility site unless the waste is non-combustible. 

(e) At the end of every day use, the top of sanitary disposal site shall be covered " 
with a layer of fine soil in a thickness of at least 15 cm. 

(f) When the sanitary disposal facility is terminated, the facility site shall be , 
covered with a layer of fine soil of more than 50 cm in thickness. 

Ocean dumping 

Dumping of the following industrial wastes into the ocean is prohibited: 

• hazardous industrial wastes; 
• cinders, slags, or non-water-soluble inorganic sludges; 
• waste oil; and 
• sludges, waste acids or alkalis which contain phenol or oil with a concentration of 

more than 100 milligrams per litre. 

When ocean dumping is adopted for disposal of general industrial wastes, wastes 
cannot be dumped in fish, marine animal or plant habitats. In addition, an impacl 
assessment report of the potential impacts caused by the wastes to marine ecology and a 
monitoring plan shall be submitted to the authorities when applying for permission tc 
employ ocean dumping. 

SUMMARY 

1 Given the unreliability of oil supplies and an active anti-nuclear movement 
continuous development of coal-fired power generation is necessary in Taiwan. 

2 Most of the fuel coal required for power generation will be imported from foreigr 
countries because of the limitations on production of domestic coal. 

3 Inland ash disposal is not practical due to Taiwan's limited land area. 
4 Ash disposal by ocean dumping is not acceptable because of its probable impacts or 

marine ecology. 
5 Seashore reclamation will constitute the main disposal method for coal ash in th( 

coming years. 
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6 When selecting an ash disposal site at the seashore, potential impacts on currents, 
sand drifts, surrounding water quality and fishing need to be carefully studied. 

7 Utilisation of coal ash, especially fly ash, should be positively promoted, so that 
the amount of ash to be disposed of can be reduced. 

8 Taipower's experience in disposal of ash from coal-fired power plants is applicable 
! to the countries in the Asia-Pacific region, and Taipower is willing to share its 
' experience with these countries. 

Table 22.1 Existing power generation system 

Items Installed Capacity 
mW % 

Hydro 
Run-of-rivers 130 
Regulating ponds 185 
Reservoirs 1,248 
Pumped-storages 1,000 
Sub-total 2,563 15.4 

Thermal 
Coal-fired 3,750 22.6 
Oil-fired 3,455 20.8 
Others 1,682 10.2 
Sub-total 8,887 53.6 

Nuclear 5,144 31.0 
16,594 100.00 



Table 22.2 Mix of power resources te 
fc 

Hvdro Nuclear Thermal 

Coal Oil LNG Total, 

mw % mw % rnw % mw % mw % 

1989 563 15.4 5,144 31.0 3,750 22.6 5,137 31.0 0 0.0 16,594 

1995 4,310 16.8 5,144 20.0 6,975 27.1 5,703 22.2 3,573 13.0 25,705 

2001 4,850 13.3 7,144 19.6 11,825 32.5 8,400 23.1 4,200 11.5 36,419 

Table 22.3 Power generated by different fuel 

Hvdro Nuclear Coal Oil LNG Total n 
s 

gwh % gwh % . gwh % gwh % gwh % f H 

8 
1989 6,659 8.7 27,100 35.2 22,298 29.0 20,852 27.1 § 

1995 8,533 7.6 31,911 28.5 37,465 33.5 26,727 23.9 7,255 6.5 76,909 § 

?nm 112R7 7.4 44,119 28.8 64.530 42.0 16,956 11.0 16.554 10.8 153,446 § 
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Table 22.4 Existing coal-fired power plants 
245 

Plant 

Shenao 

Linkou 

Talin 

Hsinta 

Total 

Unit no. 

Notes: 

1 
2 
3 
1 
2 a 
1b 
2b 
1 
2 
3 
4 

11 

Installed 
capacity mw 

Operation 
began 

75 Jan. 1960 
125 Dec. 1961 
200 May 1966 
300 July 1968 
350 Mar. 1972 
300 Nov. 1969 
300 Sep. 1970 
500 Sep. 1982 
500 July 1983 
550 Sep. 1985 
550 May 1986 

3,750 

a 
b 

Converted to coal-fired unit in March 1987. 
Converted to coal-fired units in July and December 1984 for units 1 
and 2 respectively. 

"able 22.5 Future coal-fired power plants 

Plant Unit no 
Capacity 

mw 
Scheduled 
commercial 
operation 

Status 

Taichung 1 550 May 1990 Under construction 
2 550 Sep. 1991 i t 

3 550 July 1992 
4 550 May 1993 i t 

5 550 May 1995 Under govt, review 
6 550 Nov. 1995 t i 

7 550 July 1996 i t 

8 550 Apr. 1997 

Suao 1 750 June 1997 Under planning 
2 750 June 1998 t t 

3 750 June 2000 i i 

4 750 June 2001 i t 

Dhichu 1 750 July 2001 Under consideration 

rotal 13 8,150 

w 
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Table 22.6 
COAL CONSUMPTION 

Historic coal consumption 

Coal consumption 
in metric tons 

% of increase 

1979 1,663,000 220.5 
1980 2,422,000 45.6 
1981 1,932,000 20.2 
1982 1,716,000 11.2 
1983 3,123,000 82.0 
1984 4,737,000 53.3 
1985 5,196,000 8.5 
1986 7,259,000 39.7 
1987 8,203,000 13.0 
1988 8,225,000 0.3 
1989 8,741,000 6.3 

Table 22.7 Future coal requirements 

Amount in metric tons % of increase 

1990 8,024,000 
1991 8,951,000 11.6 
1992 10,849,000 21.2 
1993 12,233,000 12.8 
1994 12,637,000 3.3 
1995 13,901,000 10.0 
1996 15,832,000 13.9 
1997 18,434,000 16.4 
1998 20,125,000 9.2 
1999 20,425,000 .5 
2000 21,909,000 7.3 
2001 24,007,000 9.6 
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Table 22.8 Historic ash production and utilisation 
247 

Coal 
consumption 

Ash 
production 

Ash utilization Coal 
consumption 

Ash 
production Amount % 

(tons) (tons) (tons) 

1980 2,422,000 363,000 2,540 0.7 
1981 1,932,000 290,000 960 0.3 
1982 1,716,000 267,000 17,600 6.6 
1983 3,123,000 682,000 57,300 8.4 
1984 4,787,000 767,000 58,800 7.7 
1985 5,196,000 814,000 51,100 6.3 
1986 7,259,000 1,143,000 138,700 12.1 
1987 8,203,000 1,278,000 266,800 20.9 
1988 8,225,000 1,297,000 290,100 22.4 
1989 8,741,000 1,361,000 447,100 32.8 

Table 22.9 Percentage of different ash utilisation 

Road Ready-mixed Concrete Taipower's Other 

/,' pavement concrete products own use use 

', 1985 18.9 60.7 17.3 - 3.1 
< 1986 25.0 46.0 27.0 0.7 1.3 
• 1987 1.9 83.5 14.0 0.4 0.2 

1988 1.1 82.5 12.0 4.2 0.2 
1989 0.5 82.8 11.0 5.5 0.2 

Table 22.10 Ash production and utilisation of the Shenao Power Plant (400mw) 

Ash production Ash utilisation %of 
(tons) (tons) utilisation 

1985 155,744 8,514 5.50 
1986 178,980 13,804 7.71 
1987 155,448 24,234 15.59 
1988 188,672 35,032 18.57 
1989 167,409 34,742 20.75 
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Table 22.11 Ash production and utilisation of the Linkou Power Plant (650 mw) 

Ash production Ash utilisation %0f 
(tons) (tons) utilisation 

1985 88,450 20,513 23.20 
1986 124,233 43,635 34.98 
1987 187,288 96,116 51.32 
1988 198,394 76,226 38.42 
1989 230,518 116.820 50.68 

Table 22.12 Ash production and utilisation of the Hsinta Power Plant (2,100 mw) 

Ash production Ash utilisation %Of 
(tons) (tons) utilisation 

1985 344,775 7,281 5.01 
1986 588,110 63,096 10.73 
1987 673,245 98,545 14.64 
1988 676,766 135,548 20.18 
1989 738,667 213,092 28.85 

Table 22.13 Ash production and utilisation of the Talin Power Plant (600 mw) 

Ash production Ash utilisation %Of 
(tons) (tons) utilisation 

1985 154,347 2,960 1.92 
1986 168,546 796 0.46 
1987 177,352 18,985 10.70 
1988 159,610 25,295 15.85 
1989 174,556 62,100 35.38 
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Table 22.14 Future ash production 

Coal Consumption Ash production 
(1000 tons) (1000 tons) 

1990 8,024 1,204 
1991 8,951 1,343 
1992 10,849 1,627 
1993 12,233 1,835 
1994 12,637 1,900 
1995 13,901 2,085 
1996 15,832 2,375 
1997 18,434 2,765 
1998 20,125 3,019 
1999 20,425 3,064 
2000 21,909 3,286 
2001 24,007 3,601 

Total 187,327 28,104 

Table 22.15 Quantity of combusion solids for 550mw 
unit in 35 years 

Item Weight Volume 
(1000 tons) (1000 cu.m.) 

Fly ash 5,731 5,901 
Bottom ash 1,671 1,588 
FGD wastes 160 164 

Total 7,562 7,653 
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Figure 22.1 
COAL CONSUMPTION 

Hsinta Power Plant's ash ponds 
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Figure 22.2 Operation plan for ash disposal, Taichung Power Plant 
251 

.POTENTIAL FUTURE 
DISCHARGE C A N A L EXTENSION 

3000 M 

1150 M 

1 STAGE 4 

-•• 

STAGE 5 

STAGE 2 STAGE 3 

r S T A G E K I 

TZ4 I 
t 

- I6M DREDGE 
MATERIAL DISPOSAL 
AREA 37,550.000 M 3 

INTERMEDIATE DIKE^-

INOUSTRIAL HARBOR / 
a or « . it» "O ul I 0«ll00 \U 

COAL powsfl P U W 
POWER PLANT 
EXPAN01NG SITE 

I * TUANIKJ / 
H BAS.M J 

WEST 

A / N ^ 

C3 17 ei ta *J 

V . x a 

CI) 
WATERFRONT 

INOUSTRIES AREA 

COmuKR M*D l ( _ 

SOUTH PIER y jO/4 

^ /~~** *» » >> >* 
\ 4t U *i L* O <7 • 

co*nwi« TAAO 

LUNG C M N G KAflaoa IHOUSTHY,AR£A 



252 

Figure 22.3 

COAL CONSUMPTION 

Ash disposal plan for the Taichung Power Plant 
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23 Prospects for energy conservation 
in Indonesia 
A.J. SURJADI 

hdonesia has successfully reached its development goals in the 1970s through earnings 
Tom oil export. The international situation in the early 1980s had a great impact on 
he economy and especially since 1986 the importance of oil as a source of government 
evenue and foreign exchange earnings has diminished. Economic reform and a non-oil 
sxport drive have helped to stabilise Indonesia's budget balance. 

Although the economy is becoming less dependent on oil exports, its role as an energy 
•upplier for economic growth is very important. The oil price drop has reduced oil 
ixploration activities, and new oil reserve discoveries could be affected. If the recent 
rend in domestic oil consumption remains at its present rate, domestic oil production 
ould be insufficient to meet domestic demand. A national campaign is being prepared 
o increase the present energy conservation efforts. 

This paper discusses recent developments in Indonesia's energy conservation 
ctivities, its constraints, future plans and prospects. 

[HE PRESENT ENERGY SITUATION A N D FUTURE PROSPECTS 

'or more than 20 years Indonesia's major commercial energy supply has come from oil. 
'able 23.1 shows the development of energy supply and demand for the last 4 years, 
"able 23.2 shows the development of the energy mix during the last three 5-year plan 
FYP) and the set target for the 5th FYP (1989/1990-1993/1994). 

Although the share of oil in the energy mix has been declining, as Table 23.2 
uggests, at least two factors are of concern to decision-makers. First is the staggering 
lcrease of domestic consumption, while oil is still playing an important role as a source 
f government earnings. Second is the fact that the country's oil reserve is limited, and 
reduction is expected to decrease in the not too distant future. 
In the past few years the Indonesian economy has rapidly expanded and energy 

emand has accelerated. The rate of growth of domestic oil consumption since 1980 has 
veraged 4% per year. In terms of energy intensity, the figure has remained on the high 

. de. For 1987 it was 293 tons of oil equivalent, compared to 262 tons of oil equivalent for 
tpan. 
Several preliminary audits shows potential savings in the manufacturing sector of 7 

> 8% with very little investment, and savings of up to 30% of total energy input if some 
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258 FUEL SWITCHING AND ENERGY CONSERVATION 
investment is made. 1 If these figures are mainly valid for old plants, some newly buil 
industries have shown efficiency improvement.2 This declining energy intensity is no 
sufficient to reduce the overall national energy intensity because some industries sud > 
as the pulp and paper industries and refineries still show significant increases in thei . 
energy intensity. 

Moreover, comparing the growth of energy consumption and the growth of industria 
value added it could be argued that there is still room for improvement. 

In projecting the future energy supply-demand balance these potential saving shouli 
be taken into account. As Figure 23.1 shows, energy savings which reduce the rate c 
growth of oil consumption could delay the country's becoming a net oil importer. 

THE ECONOMIC ENVIRONMENT AND OPPORTUNITIES FOI 
ENERGY CONSERVATION 

Several studies have been made to identify the barriers to energy conservation. Thes 
range from technical barriers to economic and institutional ones.^ For some aspects c 
energy conservation, programs have been formulated and implemented. Some of thes 
are more difficult because of their relationship to other more complex issues. 

Technical barriers are not only a problem of short-term training, but relate also t ; 

the whole structure of employment. The level of education of the work force and th ; 

attitude to the machines they work with in developing countries will influence th . 
success of energy conservation programs. These factors will affect not only th 
maintenance of the plants but also their awareness of the need to save energy, materif 
and time. 

Energy audits have been made and recommendations formulated, but many of th 
plants expressed no interest in implementing these proposals.4 There is no explic-
reason for this. Economic factors are not to be underestimated and deeper insights hav 
to be sought/5 The general wisdom is that cheap energy makes the saving of energ 
unattractive. But energy conservation is not only a consequence of an attitude toward 
and perception of, the future — it needs also an economic justification. A thorough stud 
will be needed to analyse the business structure and the management decision-makin 
process: 

Workshop on Energy Conservation Policy and Measures for Energy Deman 
Management, ESCAP-GTZ, Bangkok, 12-16 October 1987. 
Energy Conservation Seminar, JETRO-DirGen Electric Power and New Energy, Jakarta, 1 
October 1990. 
Asia/Near East Workshop on Energy Conservation and Private Power Generation, Vol. 
Energy Conservation, AIT-USAID-Gov, Thailand, Bangkok, 29 September - 3 October 198£ 
Energy Conservation Seminar, JETRO-DirGen Electric Power and New Energy, Jakarta, 1 
October 1990. 
The Washington Post, 12 February 1990. 
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> The economic viability of investment should be transparent to management with 

regard to market (volume as well as quantity), the operational cost involved and 
the consequences if the system failed. The high yielding investment in the country 
has a negative impact on the maintenance of the plant. As has been observed,^ 
'increasing profit' investment seems to be preferred over 'profit maintaining' 
investment in this situation. 

• The financing structure and its sources should also be considered. The very high 
yielding return on investment in the present economic environment in Indonesia 
requires a very short pay-back period. Energy conservation has to demonstrate its 
success first if it wishes to attract financing. 

• For decision-makers the technical risk (process and technology) should also be 
clearly explained. It is sometimes difficult for them to assess such matters as: 

smooth 'housekeeping' activities; 
the impact of future energy prices; 
government regulation concerning energy; 
the capital market; and 
the availability of skilled personnel. 

Many plants prefer using their own expertise to optimise their manpower. Mobility 
of expertise among industries is not yet common. 

To overcome institutional barriers a clear procedure for available government 
upport in implementing energy conservation projects should be established. This could 
ike the form of technical assistance (through energy audits, for example), financial 
ssistance (tax, loan, interest rate assistance and the like), research and development, 
iformation and demonstration projects. Issuing standards has been recognised as an 
ffective measure. Last, but not least, private initiative should be encouraged. 
In the transportation sector two factors are dominant in achieving efficiency: one, the 

mailable modes of transport, which depends on foreign technology, and the sector's 
ifrastructure, which depends on budget allocation; and two, the manner in which the 
ehicles are operated. A fuel switch to CNG is being seriously considered. 
In the household sector a recent study'7 observed that there are great opportunities 

>r implementing energy conservation programs and fuel switching. 

.ONCLUDING REMARKS 

/hatever argument is accepted for energy conservation, such efforts to conserve energy 
in only be beneficial for the economy, despite the present low level of energy 
msumption. 

J. Chessire, 'Investment Criteria in the UK Energy Sector, Supply v. Demand', ENER 
Bulletin 1 tfune), 1986. 
World Bank, 'Indonesian Urban Household Energy Strategy Study', Report No. 107/90, 
1990. 
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To enable effective implementation of energy conservation policy, broader suppor: 

should be sought although the government's role will prove equally important. Clea 
procedures in support of energy conservation projects and information disseminatioi 
need to be established. 

Efforts to improve maintenance are in line with good energy conservation 
'housekeeping'. The possibility of integrating part of the maintenance cost in th 
investment cost is worthy of consideration. 

Lastly, a centre needs to be set up to organise and channel expertise on energ; 
conservation activities. 

Table 23.1 Energy production and consumption in Indonesia (million 
BOE) 

1986 1987 1988 1989 

Domestic primary energy 
production 

Oil 458.8 422.7 431.2 449.3 
Gas 285.7 303.8 323.9 346.5 
Hydropower 
Geothermal 

10.6 
0.5 

11.5 
0.1 

15.9 
0.2 

33.8 
0.2 

Total 776.6 759.9 794.3 854.9 -

Electricity production 33.8 55.2 61.2 67.9 

Primary energy consumption 

Oil 162.3 163.7 174.5 186.3 
Gas 53.7 56.5 59.3 62.8 
Coal 5.2 13.7 16.6 28.4 
Hydropower 
Geothermal 

21.1 
0.5 

20.5 • 
1.0 

21.3 
2.0 

23.3 
2.0 

Total 242.8 255.4 47.9 54.9 

Electricity consumption 29.2 44.0 47.9 54.9 

Final energy consumption 

Industrial 
sector 97.0 101.6 108.0 120.1 
Transportation sector 
Household and 

61.8 69.4 71.6 75.4 

commercial sector 46.4 56.1 58.1 62.7 

Source: Dir. Gen. Electric Power and New Energy. 
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Table 23.2 The development of the commercial energy mix during three 
five year plans and the target for the present (million BOE) 

Energy 
source 

End of 
2nd FYP 

End of 
3rd FYP 

End of 
4th FYP 

Target 
5th FYP 

Oil 131.0 167.1 188.3 218.0 

(82%) (75%) (64%) (58%) 

Gas 24.5 43.3 61.9 94.8 

Coal 0.6 1.1 20.5 33.1 

Hydro power 3.9 11.6 20.3 25.0 

Geothermal - 0.42 2.1 5.1 

Total 160.0 233.6 292.9 376.1 

Figure 23.1 Production and consumption, Indonesia 
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24 Experiences and lessons of energy 
conservation in Taiwan 
CHI-YUAN LIANG 

ABSTRACT 

Taiwan's energy resources are almost negligible. Imported energy accounted 
for 92% of its total commercial energy supply in 1989. With the instability 
of energy supplies and the oil price hike after 1973, Taiwan needs to 
improve its efficiency in energy consumption. 

Energy productivity is an indicator of energy consumption efficiency. 
Energy productivity for an economy as a whole is calculated by dividing 
gross domestic product (GDP) by total quantity of energy consumed. During 
the post oil crisis period (1973-79), in contrast with the improvement of 
energy productivity in most of the major countries of the world, energy 
productivity in Taiwan dropped. 7.1%. However, after the second oil crisis, 
Taiwan's energy productivity did improve significantly. In 1987 energy 
productivity increased 26.8%, compared with 1979. 

This paper finds that the change from low pricing policies to cost-
reflecting pricing policies since the second oil crisis were key to such 
reversal. In addition, non-pricing policies such as incentive schemes, 
education training and information programs, regulation measures and the 
institutional set-up for energy conservation are also helpful for such 
reversal. This paper finds that changes to the industrial structure are less 
important. 

This paper examines changes in Taiwan's energy productivity during 1973-87 and* 
factors contributing to those changes. These factors include industrial structure, changes 
to energy pricing policies and measures taken by the authorities to improve efficiency 
in energy consumption. The experience and lessons of energy conservation which 
Taiwan learned during the past two oil crises are of potential value to other energy-
importing countries. 
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ENERGY CONSERVATION IN TAIWAN 263 

CHANGES IN ENERGY PRODUCTIVITY DURING 1973-87 

An international comparison of energy productivity among PECC 
countries during 1973-87 

Table 24.1 presents an international comparison of energy productivity among ten PECC 
countries, from which the following conclusions emerge: 

• Taiwan's productivity fell 7.1% in 1979 compared with that of 1973. This makes 
Taiwan one of the poorest performers among the ten PECC countries during 1973-79. 
Indonesia, the major oil exporting country of the Pacific region, is the only country 
that Taiwan surpassed. 

• In contrast, Taiwan's energy productivity gained 26.8% in 1987 compared with 1979. 
This placed Taiwan in third position among the 10 PECC countries in terms of 
energy productivity improvement. Japan (with a 34.5% increase) and the United 
States (with a 27.9% gain) ranked first and second respectively. 

• Over the entire period of 1973-87, Taiwan registered a 17.8% increase in energy 
productivity, giving it a ranking of fifth among the 10 PECC countries. 

Changes in sectoral energy productivity in Taiwan 

Energy productivity changed variously in different sectors during 1973-79. That of the 
service and public utility sectors increased, while that of agriculture, mining, 
construction and transportation decreased. There was a slight increase in the 
manufacturing sector. After the second oil crisis, however, energy productivity 
significantly increased in the above seven sectors with the exception of the agriculture 
and public utility sectors (see Table 24.2). 

FACTORS CONTRIBUTING TO THE CHANGES IN ENERGY 
PRODUCnVITY 

Industrial structure changes 

Table 24.2 presents changes in GDP structure and energy productivity by sector during 
1973-87. It was found that the transportation and manufacturing sectors have the 
lowest energy productivity of the seven main sectors. In 1979 energy productivity for 
the seven sectors ranked in terms of NT dollars (at 1986 prices) per metric ton oil 
equivalent (MTOE) was as follows: construction, 984.9; service, 589.8; public utility, 
311.8; agriculture, 184.4; mining, 103.9; manufacturing, 61.1; and transportation, 33.9. 
The energy productivity of the economy as a whole was 90.6, and 103.4 when feed stock 
was excluded. 

In general, energy productivity will decrease if the relatively low-energy 
productivity sectors grow more rapidly than the relatively high-energy productivity 
sectors, and vice versa. 

ffJUI :j|i-sij 
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However, the above hypothesis does not fit Taiwan's situation during 1973-87 -

especially well. During the period 1973-79, energy productivity as a whole fell. 
Although the relatively low-energy productivity sectors such as manufacturing and , 
transportation increased their shares in GDP, the shares of the high-energy 
productivity sectors such as service and construction increased their shares in GDP too. 
The structural change that took place within the manufacturing sector did not 
significantly affect the energy productivity of that sector as a whole either. In spite of 
the flourishing growth of energy-intensive (low-energy productivity) manufactures, 
such as petrochemicals, and basic metals in the value added of the manufacturing 
sector, the energy productivity of manufacturing as a whole in fact increased instead of 
decreasing during 1973-79. Therefore, it appears that the change in industrial structure, 
especially the rapid growth of petrochemicals and basic metals, played only a limited 
role in the fall in energy productivity through the economy as a whole during 1973-79. 

For the post second oil crisis period of 1979-87, the energy productivity of the 
economy as a whole increased, despite the continuous growth of those relatively low-
energy productivity sectors in GDP, such as the manufacturing and transportation , 
sectors. It is worth noting that the manufacturing sector gained even more ground in • 
GDP during 1979-87 than during 1973-79, increasing 4.62 percentage points during 1979-
87 compared with a 2.64 percentage points gain during 1973-79. 

Thus it seems clear that a change in industrial structure is not an important factor in 
explaining the rise of energy productivity in the economy as a whole during both 1973-
79 and 1979-87. 

What mostly affected the ups and downs of energy productivity in the economy as a 
whole during 1973-87 were the energy pricing and other energy demand management , 
policies taken by the authorities during the same period. 

Energy pricing policy 

Jorgenson and Liang (1985) found that 'In most producing sectors of Taiwan's economy, 
demand for energy as a whole, and also for different energy type, is quite responsive to 
energy price changes. In addition, oil products and other types of energy are 
significantly substitutable in most sectors'. Therefore, an energy pricing policy which ̂  
fully reflects increasing cost is an effective policy tool for promoting energy 
conservation and fuel substitution, which means better efficiency of types of energy. 

It is a matter of regret that this policy was applied in Taiwan only with some 
reluctance. It is often argued that keeping energy prices down can help maintain price 
stability in times of inflation and hence the living standard of low-income earners. 
Keeping energy prices down also increases the competitiveness of local products in the 
world market and thereby furthers economic growth. Sun and Liang (1980) are', 
proponents of a different argument. They claimed that in Taiwan's open economy, t-
whole trade value is almost as large as GNP, and manipulated low energy prices can-
promote price stability only in the short run and in the case of no price speculation. In. 
the long run, low energy prices relative to the world prices would improve the balance 
of trade position by encouraging exports and discouraging imports, especially those 
exports and imports that soon cause the domestic price level to increase and hence the; 
price competitiveness of exports to weaken. Therefore, keeping oil prices low in 
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relation to the international level is inflationary in the long run. It leads to distorted 
resource allocation and thus lower economic efficiency. Moreover, if the public 
expected oil prices to increase sooner or later, price stability could simply not be 
maintained in the first place. Taiwan's economy suffered when this happened in 1973 

'A. . and early 1974. 
'{J}' However, before the outbreak of the second oil crisis, the above argument prevailed 
'?!/ in authorities. Consequently, during the period 1973-79 energy prices in Taiwan were 
'':;-', not allowed to keep pace with rising imported crude oil prices (see Table 24.3). 
•J,"'. Furthermore, an international comparison of the prices of oil products and electricity in 
: Taiwan, Korea and Japan during this period reveals that in only one out of seven cases 
- (gasoline) was the price in Taiwan higher than that in Japan, but lower than all other 
* , cases in Korea. The numbers in parentheses denote index numbers, using Taiwan's price 
y; . as 100 (see Table 24.4). A paper by Chi-Yuan Liang (1980) also pointed out that the 
';•'. prices of petroleum products in Taiwan were higher in two out of three cases than those 

in the United States but lower than those in all other countries including Korea, Japan, 
West Germany, France and the United Kingdom. 

Notwithstanding, since the outbreak of the second oil crisis energy pricing policy in 
Taiwan has changed. It is now inclined to more realistically reflect the cost of imports. 
For instance, before the crude oil price began its drastic fall in 1985, the prices of most 
petroleum products in Taiwan were comparable to those in the world market, except for 
fuel oil and LPG (see Table 24.5). 

It is indeed not coincidental that, together with the increase of energy productivity 
in Taiwan since the second oil crisis, another indicator of energy conservation, namely 
income elasticity of demand for energy in Taiwan (defined as the ratio of percentage 

. change of demand for energy to the percentage change of GDP), decreased from 1.25 or 
..'".'• 1.06 after discounting non-energy uses (such as feedstocks) during 1974-79 to 0.31 during 
." .1980-82. 

In addition, the demand for petroleum products rose by only 0.05% per year during 
1979-81, as compared with the 17.25 percentage of growth recorded in 1974-79. The 

;,, demand for natural gas actually declined, registering a -6.67% rate of growth between 
,V. 1979 and 1981. In contrast, coal demand increased by 6.57% per year, and electricity by 

3.0%. 
Energy conservation and energy substitution were much more successful during the 

, second oil crisis than during the first, largely due, I believe, to this change in energy 
pricing policy. 

The other energy demand management policies 

rhe following non-pricing energy demand management policies taken by the 
iuthorities after the second oil crisis have also helped Taiwan reverse its downward 
Tend in energy productivity since the first oil crisis. 

incentive schemes 

vtost incentive schemes aimed at fostering energy conservation were designed and 



266 FUEL SWITCHING AND ENERGY CONSERVATION 
implemented shortly after the second oil crisis, expiring within two years. The most 
important of these were targeted at the producing sectors of the economy. 

Tax credits 

For an 18-month period between October 1981 and April 1983 tax credits were granted to 
domestic enterprises that renovated or installed efficient thermal energy boilers 
(including attendant equipment). If, after renovation or installation, the efficiency of • 
the thermal boiler surpassed the standard set by the authorities, the enterprise was , 
entitled to a credit equal to 15% of the installation (renovation) cost if the boiler was . 
of domestic origin; if the boiler had been imported, the tax credit allowed was 10%. 
These credits were applied to the firm's business income tax obligations. 

Import duty exemptions 

Since 26 July 1982 imported instruments and equipment used in the research and 
development of energy conservation that have no domestic counterparts have been 
exempt from all import duties. 

Accelerated depreciation 

Enterprises may apply for accelerated depreciation, within two years, for machinery; 
and equipment installed to improve energy conservation. This incentive scheme also , 
went into effect on 26 July 1982. 

Loans 

The Council for Agricultural Planning and Development has been in charge of these 
loans since 1980. Funds may at present be borrowed at an annual interest rate of 8.5%, 
which is 2% lower than the prevailing ordinary rate for medium and long-term loans, 
for the purchase or construction of the following items: marine energies, power systems, . 
ship forms, waste heat recovery machinery, and fishing machinery. 

Regulatory measures 

Shortly after the eruption of the first oil crisis, the Taiwan authorities began to 
implement regulatory measures to encourage energy conservation and fuel substitution. . 
At that time, the authorities decided on policies, complete with regulatory 
initiatives, designed to foster the transition from oil to coal, to ensure that energy-
consuming equipment and appliances were clearly labelled with respect to energy 
efficiency, and to proscribe the installation, either for commercial or for household use, \. 
of electric water heaters with a capacity in excess of 5KW. These measures, however, 
did not produce effective results. 

In 1980 the Energy Management Law was enacted in an attempt to secure long-term'. . 
efficiency in energy utilisation and management. The law took cognisance of the fact 
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i.'' that Taiwan would continue to be heavily dependent on imported energy supplies well 
?•"'•. into the future, and also that energy conservation required a wide-ranging multi-

sectoral effort. The highlights of this set of regulatory measures were as follows: 

'> .'•. 1 Large energy consumers were instructed to establish as energy audit system, to 
appoint energy management personnel, to set up energy conservation targets, to 
enhance retrofit programs, and to report on what progress had been made and what 
targets achieved. 

2 Minimum energy efficiency standards for energy-using equipment and appliances 
were stipulated. Products failing to adhere to these standards would not be 
allowed to be imported nor sold on domestic markets. 

3 Companies manufacturing motor vehicles or importing and then distributing them 
to domestic users become subject to new energy efficiency standards. 

4 New energy conservation standards were devised related to the design and 
construction of new buildings. 

5 Energy consumers who installed central air conditioning systems were required to 
install supplementary individual control units. Also, electrical energy users who 

.- exceeded the standards set by the authorities were charged higher electricity 
rates. 

6 Steam producers who exceeded the production of 100$/Hr were required to equip 
themselves with cogeneration facilities for steam and electrical power. 

Education, training, and information programs 

1 Energy conservation awareness: 

Great pains have been taken to make energy conservation a buzz-word of the 1980s. 
In trying to popularise the importance of energy management and conservation, the 
authorities have employed all the mass media formats, which have guaranteed a 
broad audience. To back up the mass media campaign, new energy-related teaching 
materials have been introduced into all elementary and middle schools. In 
addition, thousands of energy conservation brochures and posters have been 
distributed, and exhibitions of energy-saving devices and equipment have been 
held all around the island. 

2 Information program: 

The authorities have devoted much effort to devising new means to facilitate the 
exchange of technical information between research institutes, energy conservation 
equipment suppliers, factories, commercial enterprises, and various agencies. 
Seminars, conferences and factory visits have frequently been organised in order to 
introduce new energy-saving technology to commercial-energy users. In addition, 
seventeen kinds of professional textbooks and journals, incorporating the latest 
advancements and research in energy in energy technology, news reports, up-to-
data, and case studies, have been published and distributed to the energy 

. # • 
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management staff of large energy users. A citation program has also been in force . . 
since 1973 whereby the names of consumers who have made significant 
improvement in energy conservation or efficiency are publicised. Their successes 
have been written up, published and distributed to other consumers. 

3 Energy management personnel training program (EMPT): 

The EMPT program, which was initiated in 1980, is a cooperative training program , 
whereby energy management personnel of large energy users are trained by members -
of the Energy Committee of the Bureau of Economic Affairs. The program 
facilitates the spread of new technological information and teaches energy 
management personnel how to make the best use of new technology. Simultaneously, 
the Energy Committee obtains a clear picture as to the state of energy conservation 
in the industrial and commercial sectors of the economy and consequently can focus 
its attention on special problem areas. 

Sectoral programs for conservation and fuel switching 

Sectoral programs for conservation and fuel switching in Taiwan cover the industrial 
sector, electricity sector, residential and commercial and transportation sectors. Owing 
to space constraints, it is possible only to discuss the industrial sector in the following1. 

Energy management audits 

A mechanism that helps users to establish in-house energy auditing has been in force 
since 1981. By June 1990 some 3,478 big users, who account for about 42% of total 
commercial final energy consumption, have been assisted in establishing their own 
audit systems. 

Technical assistance 

Technical service teams under the organisation of the Taiwan Power Company (TPC) . 
and the Chinese Petroleum Company (CPC) have been dispatched to hundreds of .. 
enterprises to help with energy conservation work. In 1983 alone CPC teams visited 902 
energy users while TPC teams visited 2,603 consumers. 

The Energy Conservation Task Force has been active in this area since April 1983. 
The task force has completed and delivered to individual plants service reports. Total 
benefits of the recommendations forwarded in these reports are estimated to be NT$490 
million. 

A Cogeneration Service Task Force has also been organised by the Energy Committee 

For detailed discussion of the conservation programs in other sectors, see Chi-Yuan Liang 
(1986). 
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since September 1989. In the last 12 months, the task force has helped the industrial 
firms to evaluate 84 cases, of which 66 are feasible, having a potential generation 
capacity of 440 MW. 

Fuel substitution programs 

The authorities have been advocating the switch from oil to coal or nuclear power in 
the industrial sector since the second oil shock. In the cement industry, this transition 
has been completely effected in a period of only three years. Induced by the great 
discrepancy in oil and coal costs, by the end of 1981, 65% of the sector's energy 
requirements were being met by coal. The percentage of coal consumption rose to 65% in 
1982 and then to 100% in 1983. 

Encouragement of structural change 

The necessity of economic structural change to maintain high growth rates and to 
'; advance energy conservation is incorporated into present economic policy. The 
authorities have taken salient measures in three broad areas to help promote this 
objective: 

1 Several products have been designated 'energy-intensive' and export of these 
products is discouraged. These include cement, plastic resins, carbon steel, pulp, 
caustic soda, aluminium alloys, and other industrial manufactures. 

2 Producers of energy-intensive industrial products are encouraged to enter into joint 
ventures with firms in foreign countries for the joint production of such goods. These 
energy-intensive products may then be shipped back to Taiwan for domestic 
consumption. Some examples of this type of arrangement are the fertiliser plant 
established in Saudi Arabia by the Taiwan Fertiliser Company and several 
factories producing PVC resin set up in the United States by private Taiwanese 
companies. 

3 In order to develop strategic industries further, the authorities have devised 
various methods of encouraging private investment. One method is the increased 
availability of long-term, low-interest loans. Also, profit-seeking enterprises 
organised as companies may retain a share of company earnings for investing in 
strategic industries rather than distributing them among shareholders. These 
investments targeted on strategic industries may not exceed 50% of the enterprise's 
capital. Some of the targeted industries include: information and electronics, 
automobile parts and accessories, and the machinery industry. This stimulus to 
private sector investment should help facilitate needed structural change. 
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Organisational, institutional and legal arrangements 

1 Organisations and institutions in energy planning and energy demand y 

management 

Energy planning in Taiwan was begun in 1968 with the establishment of the Energy 
Planning and Development Committee. This committee was initially under the 
guidance of the Council for International Cooperation and Development, but two 
years later it was renamed the Energy Policy Committee and transferred to the . 
MOEA. After the first oil crisis in November 1979 the Energy Policy Committee 
was reorganised and renamed the Energy Committee. It was set up under the MOEA 
and was made responsible for the implementation of energy policy and the 
enforcement of the Energy Management Law. 

The Energy Committee is a widely-represented inter-agency committee 
comprised of 20 members. The Executive secretary serves as a chief staff of the 
committee, under which there are four divisions. 

In addition, the Energy Research Laboratory was set up under the Industrial, 
Technology Research Institute to improve energy research in January 1981. This 
laboratory was later integrated with the mining research organisation of the same ' 
institute. 

2 The evolution of the legal basis for energy demand management 

The energy policy was first approved on 26 April 1973 and subsequently revised 
twice, once on 11 January 1979, and later, after 5 October 1984. Several important 
new articles, namely energy utilisation and conservation, the enactment of the . 
energy management law and its execution, and the special fund for energy research 
and development, were included in the first revision. The second revision stressed 
the reflecting real cost pricing policy as well as the rationalisation of the energy 
price structure. The evolution of the changes in Taiwan's energy policy mentioned -
above reveals that after the second oil crisis the authorities have paid more and 
more attention to energy demand management policy. The aims of the most recent 
version of the energy policy for Taiwan are: 

• to assure the stability of energy supply; 
• to accelerate the rationalisation of energy pricing; 
• to promote the effectiveness of energy utilisation; 
• to prevent energy-related environment pollution; and 
• to enhance energy research and development 

CONCLUSION 

Taiwan's energy productivity reversed a falling trend during the period 1973-79 to an 
increasing trend during the period 1979-87. This paper has found that the change frorr 
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Table 24.1 (continued) 
New Thailand Indonesia Malaysia Philipp-
Zealand ines 

106.4 91.7 128.1 92.5 81.3 
110.8 99.3 121.7 89.8 94.9 
87.3 01.2 115.1 85.5 92.9 
85.9 98.6 123.1 88.6 95.6 
92.3 97.8 115.8 96.0 97.0 
96.8 04.1 108.3 03.4 98.2 
00.0 00.0 00.0 00.0 100.0 
99.0 06.7 97.5 97.3 107.8 
98.1 14.3 96.5 95.2 118.3 
98.2 16.8 98.1 97.3 125.7 
95.2 12.4 99.7 95.0 120.4 
92.5 06.7 04.3 00.2 133.8 
96.5 09.8 00.9 91.6 129.4 
92.0 06.5 00.9 87.4 124.1 
89.0 02.3 01.9 85.1 121.6 
-6.0% +9.1% -21.9% +8.1% +23.0% 

-11.0% +2.3% +1.9% 14.9% +21.6% 
-16.4% 11.6% -20.5% -8.0% +49.6% 

Notes: Energy productivity = GDP (in local currency)/final energy consumption (in 
MTOE). 

Except for Taiwan, the GDP for all countries are in 1980 constant prices. That for 
Taiwan is in 1985 constant prices. 

For the purposes of international comparison, a standard OECD definition on 
energy consumption (by which 1 kwh electricity is computed as 860 Kcal) is 
adopted, and hence the figures for Taiwan's energy productivity differ from those 
in Taiwan Energy Statistics (in which 1 kwh electricity is calculated as 2,236 Kcal) 
published by the Energy Committee. 

Sources: Taiwan: Quarterly National Economic Trends, Taiwan (various years); Energy 
Balances in Taiwan, Energy Committee (various years). 

Korea: Yearbook of Energy Statistics, 1988; International Financial Statistics, IMF 
(various years). 

US, Japan, Australia, New Zealand: Energy Balances of OECD Countries, 1986,1987, • 
1989; International Financial Statistics, IMF (various years). 

Other countries: Energy Indicators of Developing_Member Countries of ADB, May 
1989; International Financial Statistics, IMF (various years). 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1979/1973 
1987/1979 
1987/1973 
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Table 24.2 Energy productivity by sector (NT dollars at 1986 prices MTOE) 

1973 1979 1987 
Sector 

Energy 
productivity 

Share of GDP Energy 
productivity 

Share of GDP Energy 
productivity 

Share of GDP 

Agriculture 247.0 12.41 184.4 8.62 165.6 5.16 
Mining 125.8 1.21 103.9 0.84 159.8 0.45 
Manufacturing 60.9 32.58 61.1 35.22 100.1 39.84 
(including feedstocks) 
Construction 1220.4 4.03 984.9 5.57 1027.2 3.75 
Public utility 293.8 2.88 311.8 3.28 303.2 3.57 
Transportation 35.1 4.24 33.9 5.49 40.5 6.06 
Service 469.8 42.60 589.8 41.00 689.1 41.17 
Economy as a whole 102.1 100.0 90.6 100.0 116.3 100.0 
Economy as a whole 112.0 103.4 136.2 
(excluding feestocks) 

n o 

o 
z 
2 I 
z 

Note: Sectoral shares of GDP are calculated at 1986 prices. 

Sources: Energy Balances in Taiwan, Taiwan, Energy Committee, MOESA, 1983. 
Quarterly National Economic Trends, Taiwan, DGBAS, August 1990. 
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Table 24.3 Annual growth rate of price by energy types (%) 

1973/74 1974/79 1979/81 1981/83 

Crude Oil 215.76 11.39 42.33 -9.27 
(CIF) 

Wholesale prices 
Petroleum product 

LPG 
Gasoline 
Diesel 
Kerosene 
Fuel oil 

Coal 
Natural Gas 
Electricity 

40.57 3.39 14.37 -0.68 
76.51 5.64 41.0 -0.60 
31.46 2.70 29.12 -1.21 
85.86 5.26 37.21 0.07 
46.93 3.83 44.03 1.81 
67.67 0.82 39.71 -0.61 
93.68 8.40 43.33 -0.56 
07.67 3.40 33.45 2.77 

244.59 1.17 46.10 0.41 
79.12 6.57 38.97 -0.95 

Sources: Interior Data of China Petroleum Corporation and Taipower Company, and 
Commodity Prices Monthly, DGBAS. 



Table 24.4 Comparison of oil and electricity prices in Taiwan, Korea and Japan, 1980 (NT$) 

Lighting Industrial Electricity Gasoline Diesel Fuel oil LPG 
electricity electricity average for car (litres) (kilolitre) (kg) 

(kw/h) (kw/h) (kw/h) use 
(litres) 

Taiwan 2.36(100) 1.82(100) 1.96(100) 24.00 
(1 Jan 1980) (100) 

Korea 4.92(208) 2.77(152) 3.30(168) 43.57 
(1 Feb 1980) (182) 

Japan 3.05(129) 2.08(114) 2.03(117) 22.45 
(Oct 1979) (94) 

10.50(100) 6200(100) 

10.89(104) 8652.17(140) 

12.29-12.59 7280.67-7584.03 
(11) (120) (117) (122) 

13.50(100) 
(25 Apr 1980) 

33.07 (245) 
(29 Jan 1980) 

33.92 (251) 
(21 Jan 1980) 

3 

8 

m 
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z 
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5 

Sources: Energy Committee, Bureau of Economic Affairs, Taiwan; and 
Economic News Daily, 25 April 1980. 



Table 24.5 International comparison of oil products and electricity at August 1985 (NT$) 

Average Premium Gasoline Diesel Fuel oil LPG 
electricity (kw) gasoline (litres) (litres) (litres) (litres) (litres) 

Country 

Taiwan 2.72 26 25 14 6.8 21.7 
Korea 3.03 41.2 30.5 13 8.6 34.2 
Japan 4.03 25.9 24.2 16.5 8.8 43.3 
Hong Kong 2.95 24.9 - 17.4 8.5 23.9 
Singapore 3.17 27.5 26.2 9.1 8.0 18.2 

Notes: Exchange rate (to one US dollar) 
Taiwan - NT dollar: 40.37 
Korea-won: 873 
Japan - yuan: 237 
Hong Kong - dollar: 7.76 
Singapore - dollar: 2.22. 

Sources: China Petroleum Corporation; and 
Energy Committee, Bureau of Economic Affairs, Taiwan. 
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25 LPG as an alternative 
transportation fuel 
CHIN-LUNG YEH, 
WENENT P. PAN AND 
HSIANG-YUN A. KUNG 

ABSTRACT 

The urgent need to reduce air pollution has led to intense studies into clean 
automotive fuels. LPG as a fuel contains no lead, light hydrocarbons, and 
roughly equivalent calorific value as gasoline, and is regarded as a 
reasonable alternate fuel. This paper examines the critical issues in 
transportation fuels that Taiwan is facing as well as the strategy that the 
petroleum industry has adapted. Based on the analysis, LPG is identified 
as one of the attractive options to meet the objectives. A program for 
vehicles operating on LPG is presented which makes the penetration of 
the automotive fuels market by LPG foreseeable within years. The studies 
of strategic planning, feasibility evaluation, laboratory tests and legal 
affairs regarding the LPG program are discussed in order to explore areas 
for cooperation among Pacific Basin countries. 

• Ks Taiwan's transportation fuels market continues to grow in a positive manner as we 
.. nove into the 1990s, growing environmental awareness is presenting a challenge to the 

jetroleum industry. 
Specifically, tougher environmental regulations targeting vehicle emissions have 

>een legislated and will change the nature of fuel produced by the petroleum refining 
ndustry. Proposed Taiwan Environmental Protection Administration rules and pending 
egislation will call for Liquefied Petroleum Gas (LPG) to be marketed in urban areas 
vith the most severe air-quality problems. The authorities have been mindful that 
ubstantial amounts of LPG are available from the Middle East, and are therefore 
•ncouraging the diversification of what we see as a valuable alternative to, or 

.« . upplement for, somewhat restricted supplies of automotive fuels, gasoline and diesel. 
y;v Since an attitude in favour of using LPG as transportation fuel has spread 
;r;/ onsiderably, a program has been developed to pave the way for LPG penetration into 
% he market. Although gasoline will remain the dominant motor fuel well into the next 
i'< entury, LPG will find markets in specific locations for specific purposes, such as fleet 
f ehicles, where its environmental benefits can best be realised. 
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KEY ISSUES IN TRANSPORTATION FUEL A N D RESPONSE 

Motor vehicles are said to account for almost all of the carbon monoxide emission, 94% 
of NOx production and 91% of hydrocarbons evolved in urban areas of Taiwan. They 
are also a significant source of toxic compound emissions and ozone formation. To reduce 
air pollution, these specific vehicle emissions have been targeted, as shown in Table 
25.1. 

This development mandates lower vapour pressure, lower aromatic content, 
minimum oxygen content and perhaps lower olefins content for gasoline of the 1990s. 
Diesel fuels will have low sulphur and aromatics contents. 

The refining industry will be obliged to supply clean fuel as much to meet 
environmental considerations as to meet quality requirements. These tough air-quality 
goals spur the quest for transportation fuel changes. LPG as a fuel contains no lead, 
light hydrocarbons and roughly equivalent calorific value as gasoline, and is regarded 
as one of the reasonable alternate fuels. Thus it is being adapted by the petroleum , 
industry in Taiwan. 

ADVANTAGES OF LPG AS A N AUTOMOTIVE FUEL 

Rather than gasoline and diesel, the main advantage of using LPG as automotive fuel-
is its cleanliness, as shown in Table 25.2. It is free of lead, very low in sulphur,' 
aromatics and other contaminants. 

The fact that contaminants are normally absent from LPG also results in cleaner 
burning, less deposition of carbon and varnish inside the engine, and consequently 
substantially improves the life of engine oil. 

Furthermore, the use of a gaseous rather than a liquid fuel also permits combustion 
in the engine to occur more smoothly and regularly. It also facilitates start-up on cold 
days, when gasoline engines tend to stall because of fuel condensation. 

A final reason for the change from liquid hydrocarbon fuels to LPG is the low cost of 
the latter (Table 25.3). In many countries LPG is taxed at a lower rate or not at all, 
whereas liquid automotive fuels are universally considered useful sources of taxation 
revenue. 

LPG AS A SPARK IGNITION FUEL 

The Chinese Petroleum Corporation has conducted a comprehensive research and 
testing program to assess the relative reductions in vehicle emissions and 
improvements in urban air quality achievable with LPG. 

Table 25.4 summarises the anti-pollution advantages of LPG-fuelled spark ignitior 
engines. A switch from gasoline to LPG has brought improvements in carbon monoxide' 
and unburnt hydrocarbon emissions. In average, a reduction by a factor of two foi 
hydrocarbons and a factor of five for carbon monoxide are common. The concentration o! 
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sulphur oxides was lowered by a factor of ten for LPG-fuelled engines. The conversion 
of gasoline engines to LPG enables anti-pollution regulations to be met more easily. 

An economic study was also carried out to determine the relative cost-effectiveness 
of LPG for reducing emissions. With regard to fuel consumption (km/1), LPG fuelled 
vehicles are inferior to the gasoline engine because LPG has lower specific gravity and 
consequent higher specific fuel consumption. A propane fuelled car, for example, 
should cover only: 

0.51 x 12034 
fi'74 -l-inAfl = 0.74% the distance of its gasoline equivalent. 

The conversion factor is the product of the specific gravity and heat of combustion 
ratio of the two fuels. However, the higher combustion efficiency and clean 
characteristics of the gas engine reduce the debit in practice to 15%. 

Table 25.5 clearly shows that the LPG fuelled vehicle has a much lower annual fuel 
cost than a gasoline engine. Given the cheaper purchase price of the LPG vehicle as 
well, this makes LPG quite attractive to fleet operators. 

LPG PROGRAM 

Since LPG has been tested and found to provide clean burn and economically available 
fuel for automotive vehicles, the authorities have been working on introducing 
legislation to encourage the taxi fleet to run with LPG. A fuel tax differential has been 
proposed and is in the legislative process to encourage market developments using LPG 
in dedicated fleet vehicles. To make LPG available to market customers, a task force 
has been organised to study and revise related energy acts and LPG taxation, and to 
allocate budget for dispensing stations and storage facilities. A plan for setting up 
distribution stations in major urban areas is being executed. 

As a major role player in this clean-air movement, the Chinese Petroleum 
Corporation has joined in efforts to improve air quality in Taiwan. In addition to 
introducing low lead (<0.12 g/1 of lead) and non-lead gasolines, alternative fuels such 
as LPG have gained interest. 

However, the introduction of an alternative transportation fuel is far from simple. 
Many aspects apart from environmental and economic factors should be considered, 
such as the conflicting interests as well as the difficulties people and organisations 
usually raise towards changes. These barriers would have to be overcome when the 
country has determined a comprehensive energy policy to diversify the available 

f. fuels in an optimal mix to the various sectors. The authorities' role in such a process is 
',. yital, but public consensus and support from industries are definitely needed. 
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Table 25.1 Emission limits for motor vehicles 

Exhaust 7/1/1987 7/1/1990 

HC, g/km 3.26 0.255 

CO, g/km 15.92 2.11 

NOx, g/km 2.09 0.625 

Table 25.2 Advantages of LPG as an alternative transportation fuel 

Gasoline LPG 

Cleanliness 0.01% 0.001% 5 

Engine smoothness good excellent 

Oil dilution by fuel possible never 

Engine oil life standard more than double 

Octane number, 87-93 93.5-108 
R+M/2 

Table 25.3 Comparison of price between LPG versus gasoline 

Type of fuel Retail price,NT$ 

$(US)1= NT$27 

LPG 11.31 

Low leaded premium gasoline 18.50 

No lead premium gasoline 18.50 
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Table 25.4 Air pollution characteristics 

281 

Pollutant Gasoline LPG 

Lead compounds Yes No 

Carbon monoxide Base Reduced by 80% 

Unburnt hydrocarbons Base Reduced by 50-70% 

Nitrogen oxides Base Varied with RPM 

Sulphur oxides Yes No 

Table 25.5 Economic comparison between LPG versus gasoline 

LPG Gasoline 

Annual driving distance 30,000 30,000 

Fuel consumption 10 12 

Assumed retail price 
(NT$1) 

11.31 18.5 

Fuel cost per year, NT$ 33,930 46,250 

Difference between LPG 
and gasoline 

Base +12,320 

"C-V?.--' ivT-T 
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CHANGES IN MINERALS POLICY AND 
LEGISLATION IN THE ASIA-PACIFIC 
REGION: COUNTRY STUDIES 





26 Mining industry policy in Peru 
CESAR POLO ROBILLIARD 

Mr Chairman and participants: 
We are very honoured to participate for the first time as official members of the PECC. 
This session provides an excellent opportunity to talk about the new mining policies for 
the new government of Peru. 

Peru is one of the seven greatest mining districts in the world, with interesting 
unexploited deposits that the new government wishes to put into operation. 

Currently, mineral production contributes 10% of Peru's gross domestic product, and 
accounts for 50% of total exports. 

The production of the principal base metals exported, as well as silver and gold, 
represents only a small percentage of reserves (between 3 and 7%). The useful life for 
companies in production varies from 15 to 30 years, and from 20 to 100 years if new 
products are included. 

Taking into account the mineral potential of the entire country, the exploitation 
rates are minimal. Copper has a potential production rate of 0.4% and silver a 
production rate of 3%. 

Peru also has the second largest phosphate ore body in the world, as well as other 
important mineral bodies. 

Peru's mining potential for cadmium, antimony, selenium, indium, bismuth and 
germanium is important. This potential explains our natural dedication to mining, and 
shows that, despite the importance of this sector to our economy, we are still a long 
way from fulfilling that potential. 

The intention of the Peruvian government is to create the necessary conditions to 
attract investment, that will promote a better use of our wealth, for the benefit of our 
people. 

The main objective of our mining policy is to achieve a production level, consistent 
with our potential, by revitalising existing operations and by putting new projects into 
production. 

During the past years, economic policies have had a negative impact on mineral 
development. However, the new government is very interested in correcting that 
situation as quickly as possible. In this regard, the following measures are being taken: 
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Exchange policy 

Policy has been implemented to re-establish a functional foreign exchange market, 
with a stable and uniform rate for exports and imports, at a level close to multilateral 
parity. 

Customs pol icy 

Tariffs rates have been reduced to an average of 30% of the bulk of supplies and 
materials that affect the mining cost. As an emergency measure, we are maintaining a 
10% surcharge on certain equipment and supplies that will be eliminated by the end of 
this year. 

The country's economic strategy envisions progress towards a uniform tariff, for our 
imports within two years, and a strengthening of customs operations. 

Tax policy 

We are studying a reduction in the number of indirect taxes that affect the mining 
industry, with the view of taxing it exclusively through generated income, that is, on 
the basis of results. 

Peruvian mining legislation envisions the possibility of a period of tax stability, for 
up to 10 tax years for mining operation producing between 350 to 5,000 metric tons per 
day. ; 

In addition to a stable tax regime, the law also provides a general depreciation rate, 
for fixed assets, of up to 20% annually. As well as a reduction for up to 1/3 of the 
applicable income tax, during the period of investment recovery and for up to an 
additional 5 years. Further, the producer may receive contractual assurance of the 
availability of foreign exchange, resulting from sales of his product and of non
discriminatory treatment in respect of applicable exchange rates. 

Gold mining enjoys a special promotional regime through to December 31, 1993, 
which provides income tax exoneration. This promotion will be applicable to . 
operations in the jungle and adjacent areas, plus a further reduction of 50% for 
activities undertaken on the coast, or in the Peruvian highlands. 

With respect to foreign investment, the Peruvian government is planning to sign . 
bilateral and multilateral agreements that will permit investors to obtain political 
risk insurance, to cover their contractual investment. 

New legal measures are being studied that would facilitate new joint venture mining 
projects, between private investors and state companies with minor state participation 
through Minero Peru. In this way, mining companies would be authorised to make use 
of special rights available only to state corporations. 

We are analysing the possibility of privatising the existing operating units, through 
the contribution of fresh capital. The goal is to make feasible the expansion of 
production and reorganise the operation of various companies. 

* • • 
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We are also evaluating the possibility of promoting the participation of national 

and foreign capital, in order to increase the smelting, refining and industrialisation 
capacity of the mining products. 

Minero Peru, a state owned-company, will be restructured as a company primarily 
dedicated to promote the development of the mining sector; it will seek the 
participation of national and foreign private capital, in several different projects. 

The state enterprises will have a legal and administrative structure, similar to that 
of the private sector. They will have the necessary autonomy for an efficient and a non-
political management and will be judged on the basis of their results. We will be very 
demanding with respect to their efficiency, and inflexible and severe in cases of 
dishonesty. 

Finally, the new government that has just assumed its functions will find definitive 
solutions to disputes within the mining sector. 



27 Mining industry policy in Mexico 
ABDON HERNANDEZ 

MEXICO, A MINING TRADITION 

Mexico has a long standing tradition as a mining country. Since the pre-Columbian 
days, the Maya, Aztec, Mixteco and Zapoteco cultures enjoyed well earned reputations 
as outstanding gold and silversmiths, and their fame for their gold crafting abilities 
extended through the region. As a matter of fact, the search for gold was a driving force 
behind the Spanish conquest of what are now Mexico and Peru. The conquest of Mexico 
cannot be fully understood without consideration of the courageous, constant endeavours : 

of the miners. The miners moved along, side by side with the warriors and the 
missionaries, locating ore deposits, creating wealth, opening roads and making 
significant contributions to the creation of new cities, towns and villages. Their wealth 
was a key element in the construction of architectural 'jewels' such as schools,, 
cathedrals, hospitals and other civic monuments. 

Today, Mexico continues to play a leading role in the world-wide mining sector. This '• 
is evidenced by the fact that Mexico is the world's leading producer of silver, bismuth, 
and celestite; the second largest producer of barite, fluorspar, graphite and sodium 
sulphate; the third in antimony; fourth in arsenic and mercury; and the world's fifth 
largest in lead, zinc, cadmium and molybdenum. 

From the regulatory point of view, the regulations of mining activity date back to 
the sixteenth century. During the colonial period, in what is now Mexico — then known 
as New Spain — mining activity was regulated. The 'Cedula Real' issued by King 
Philip II in Granada on December 9, 1526, asserted the total domain of the Spanish 
Crown over the mines of the Americas, which were incorporated in the royal 
patrimony as a result of the conquest, and provided that a permit from the authorities 
was required to exploit mines. As of that moment they were no longer freely worked, 
imposing, in addition, the obligation to pay the 'royal fifth' as a royalty to the crown.. 
Later, the principles of the 'Ordenanzas del Nuevo Cuaderno' issued by King Philip II 
in San Lorenzo on August 22,1584, were incorporated in the so called 'Ordenanzas de 
Aranjuz' promulgated by King Charles III on May 22,1783. They provided, in Article I, 
that all the mines were the property of the Royal Crown, by their nature and origin. 
Article II specified that, without segregating them from the royal patrimony, their 
possession could be granted in concession to the vassals of the crown, so that they could 
sell them or in any way assign any rights thereto. Article III provided that the 
concessions were contingent on the payment of a mining tax to the royal treasury and on 
the continued operation of the mining property, under penalty of cancellation of the 
concession in the event of failure to comply with either or both obligations. 
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With the independence of Mexico and the adoption of a Federal Constitution, the 

eminent domain of the crown over the mines and mineral deposits was replaced by the 
eminent domain of the nation. 

;>. Accordingly, the fourth paragraph of Article 27 of the current 'Political Constitution 
;,',*/' of the United Mexican States' adopted in 1917 clearly specifies that: "The nation has 
;,;' the eminent domain over all natural resources in the continental platform and islands; 
/•V of all minerals and substances in veins, mantos, ore-bodies or deposits which constitute 
v deposits whose nature is distinct from that of the components of the soil, such as 

. minerals from which precious metals and stones are extracted, rock salt and salt 
V deposits formed by sea water; etc'. 

The sixth paragraph of said Article 27 of the Mexican Constitution provides that 
I,,;• the eminent domain of the nation over said natural resources is not alienable nor subject 
- , to acquisition through the statute of limitations (prescription) and that the 

exploitation and use thereof by Mexican individuals or corporate entities incorporated 
under the laws of Mexico may only be done through concessions granted by the Federal 
Executive in accordance with the provisions, terms and conditions set forth in the law. 

Pursuant to the said constitutional provisions, a Mining Law and its Regulations were 
promulgated on August 7,1930 and October 18,1930, respectively. On February 6,1961 
the new Law Regulating Constitutional Article 27 on the Exploitation and Treatment of 
Mineral Resources was enacted and its Regulations decreed on December 7,1966. The 
salient feature of this law, was the mandatory minimum Mexican capital of 51%, under 
which the Mexican mining activity was Mexicanised. 

In the Official Gazette of December 22, 1975 the Law Regulating Constitutional 
Article 27 on Mining Matters was published and its Regulations enacted on November 

, , 30, 1976. This is the law currently in effect and the Regulations will be in effect until 
-, r the forthcoming December 10,1990, when the new Regulations will come in to effect. 

Later I will refer to these new 1990 Mining Regulations, but first it is important to 
provide a panorama of the economic and political environment and framework which 

> served as breeding ground for the development of these regulations. 

FRAMEWORK FOR THE MEXICO OF THE 1990S A N D THE 
TWENTY-FIRST CENTURY 

Carlos Salinas de Gortari, the President of Mexico, while a presidential candidate, 
pointed out during his electoral campaign the basic principles which would govern his 
economic policies. He spoke of the economic challenge faced by the country and more 
specifically emphasised that: one, the public sector would be re-defined, accelerating 
the privatisation of non-strategic government-owned enterprises; two, the opening of 
the economy to international trade was an irreversible fact of life; three, the country 
could absorb greater inflows of foreign capital; four, excessive regulatory activity 
would be eliminated, thereby facilitating private enterprise's role in the economy; and 
five, private investment would be the driving force of the Mexican economy, adding 
that 'without the committed participation of business, the consolidation of the 
productive base of Mexico would be impossible.' 
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The legislative and regulatory activity of the current regime has amply 

demonstrated congruency between speeches and action. 
Consequently, since the beginning of the Salinas Administration on December 1,1988, , 

Mexico has undergone profound changes in the field of economics through the effective 
stemming and reversal of the highly inflationary trends of the seventies and eighties; " 
sound fiscal policies; strict budgetary control and the structural change of the economy. , 
By structural change, we understand the orientation of the industrial sector towards 
areas which generate new jobs, allowing technological improvements; focusing on the 
export of manufactured goods and increased productivity without the need for subsidies ' 
or other forms of governmental support to achieve it and within an adequate regulatory , 
framework. 

Accordingly, new policies were adopted in the areas of foreign trade, foreign 
investment and the transfer of technology. In foreign trade, the traditional approach of 
'substituting imports' via protective legislation was replaced with the commercial , 
opening of our borders, which came hand in hand with Mexico's entry in the General -
Agreement on Tariffs and Trade (GATT) and the promotion of exports of manufactured 
goods through reduced import tariffs and the permit-free inflow of inputs readily 
obtained in the international markets. This has resulted in greater productivity 
margins which allow our products to be competitive worldwide in price and quality. 
This policy has proven to be fruitful; case in point, the share of exports of manufactured 
goods increased from 20% in 1983 to 56% in 1988, out of total exports. 

In the area of foreign investment, the new Regulations of the Foreign Investment 
Law, published in the Official Gazette on May 16, 1989, truly clear the way for 
increased foreign investment, providing simplicity and eliminating numerous 
administrative controls and red tape. In particular, it simplifies the entry of foreign 
investment which generates new employment, contributes to the technological 
development of the country, promotes tourism and exports and induces decentralisation 
to new regional poles of economic development. 

As to the transfer of technology, on January 9,1990, the new Regulations of the Law 
on the Transfer of Technology were enacted. Their main purpose is to adopt functional 
changes which simplify the application of the law, eliminating numerous obstacles 
which formerly limited the acquisition of technology. As stated in the preamble of 
said Regulations 'the technological modernisation is a prime source of increased 
productivity of industry and the improvement of the quality of the products offered' 
and 'the growing inter-connection of world markets of goods and services underscores the 
need to strengthen the technological assets of the national productive sector in order to 
sustain its competitive position'. 

NATIONAL MINING MODERNISATION PROGRAM 

The 1989-94 National Development Plan provided three goals in the field of mining: 
one, the adequate availability of mining-metallurgical supplies for domestic 
consumption; two, the strengthening of the commercialisation abroad of mining-
metallurgical products; and three, the integration of industrial processes in order to • 
transform minerals into products, with more value added. 
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''J:-,' Consistent with the framework summarised above and the 1989-94 National 
'r: Development Plan, and pursuant to the provisions of Mexico's Federal Planning Law, in 

' i'i June 1990 the Federal Executive published in the Official Gazette the 1990-1994 
':,','' National Mining Modernisation Program, whose main chapters include: one, a 
;':'•-. diagnosis of the situation of the Mexican mining sector; two, objectives, strategies and 
V goals; and three, objectives and courses of action for operating programs. The latter 
V include, inter alia, operating programs for the actualisation of the regulatory frame of 
"> '..; the mining sector and the adjustment of the tax treatment of mining. 

The operating program for the actualisation of the regulatory frame stated as its 
objective: 'The adaptation of mining legislation to the needs of modernisation, growth 
and diversification of mining; actions which induce improved exercise of rights and 
compliance with obligations allow the strengthening of mining's contribution to the 
economic well being of the country'. 

The courses of action outlined in the Program, included, among others: 

• Revising mining legislation, action which will permit the entry of new and 
qualified investors and eliminate speculation with mining concessions. 

• Revising and re-defining the criteria for the creation, elimination and changes in 
the classification of mining reserves. 

..':' • Simplification of procedures, thereby reducing the time periods for various 
transactions and proceedings. 

• Establishment of more effective methods for the localisation and identification of 
mining claims and notification of governmental resolutions affecting them. 

: , • Improvement of the surveillance and assessment of mining works and investments 
therein during exploration and exploitation stages. 

• Systematisation of the control of documents in order to achieve improved and 
expeditious control and processing of mining concession applications. 

• Creation of efficient mechanisms to insure the complete compliance with the 
obligations imposed by the law. 

• Systematisation of the Public Mining Registry in order to make a better use of the 
information available. 

• Strengthening of the decentralisation of decisions, through the expansion and 
delegation of authority to regional and local agencies and offices of the Bureau of 
Mines. 

The operating program for the adjustment of the tax treatment of mining, defined its 
objective as 'inducement of the development of the mining activity and the 
exploitation of mining zones, which eliminate idle mining claims'. 

The courses of action outlined in the Program, included, among others: 
• Revising the tax burden of mining sector, making it comparable to other branches of 

industry, at the domestic and international level, through the elimination of mine 
production taxes. 

• Revising the surface rights tax for the use of public property, considering the 
minimum investment required for exploration and exploitation activities. 
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• Revising other tax and fiscal burdens related to mining, taking into consideration > 
their characteristics and contributions. 

The amendments to the mining tax system are well under way and the first tranche of t 

reductions has been implemented and is expected to be concluded in 1991. 

THE 1990 REGULATION OF THE MINING LAW 

On 27 September 1990 the new Regulations of the Law Regulating Constitutional 
Article 27 on Mining Matters was published in the Official Gazette ('Mining 
Regulations'), which will come into effect on December 10,1990. It is the product of 
laborious and dedicated efforts and constant exchange of points of view among the 
various private and official sectors which comprise the mining activity in Mexico. 

The Mining Regulations comprise 138 articles or sections as compared with the prior 
regulations which included 300 articles. This difficult and complex achievement, 
created a new set of legal provisions, congruent with our times, more accessible and 
easier to understand and with substantially less verbiage, which practice had 
demonstrated to be superfluous. 

The stated objectives of the Mining Regulations include: the simplification of 
requisites and procedures; the reduction of time periods for the obtaining of concessions; 
the reduction of controls; and the establishment of new mechanisms which induce a 
greater allocation of resources to mining. 

The Ministry of Energy, Mines and Parastate Industry has expressed that the desired 
and expected results of the Mining Regulations are: 

• The simplification of requisites and standardisation of forms and procedures, 
through the reduction or elimination of procedures and reduction of the term for the 
issuing of concessions. 

• The reduction of controls and elimination of repetitive procedures or those which 
were mere formalities, by making it easier to transfer mining company's shares and • 
the transfer of rights under mining concessions. 

• The adoption of methods and systems for the expeditious and accurate processing of 
mining transactions, through increased accuracy in the localisation of mining claims 
and precluding their overlapping. 

• The actualisation of criteria for the assessment of mining works, placing the 
responsibility on the miners, while increasing the trust and reliance in them. 

• The establishment of new forms which promote the increased allocation, of -
resources to mining, through the favouring of growth of small and medium mining; 
the localisation of new deposits and the development of new mines; allowing new 
financial and capital structures; and inducing the exploitation of vast idle areas. 

If we analyse the foregoing, the objectives can be reduced to two common 
denominators, namely, simplicity of procedures and stimulating a greater allocation of 
resources. 
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The first objective, simplicity, will be achieved by the incorporation of provisions 

which truly simplify procedures and make them more expeditious. The most relevant 
are: 

1 As to legal provisions of a general nature: providing definitions of basic concepts 
(viz. Article 1); the issuing of instruction manuals for specific matters (such as 
Article 4 for the use of standard forms for applications for concessions and Article 
128 for mining experts' reports); reduction of time periods for the resolution of 
petitions (such as Articles 62 through 65 regarding expropriation, temporary 
occupation or easements of surface rights for the benefit of the miner or Article 102 
regarding the approval of tolling fees for foundries and smelters); the use of private 
messenger services and telecopiers for notices (viz. Article 3) and proof of Mexican 
nationality (viz. Article 4), and so on. 

2 As to mining companies and contracts: recognising various contractual forms which 
heretofore were ignored by the mining legislation (viz. Articles 25 and 26); the 
elimination of the prior approval in order to enter into exploration contracts or for 
the transfer and assignment of mining rights (viz. Article 68); the liberalisation of 
the limits on royalties payable under exploitation contracts and the ability to 

,.•; assign and transfer them (viz. Article 67); the elimination of the requirement of 
";v ' transcribing in the By-Laws of a mining company certain provisions of the law (viz. 
:"' Article 103); a more liberal conception of the term 'net Mexican capital 
'$:,' participation', allowing, for all practical purposes, the pyramiding of capital (viz. 
»,', Article 104); and the elimination of the prior permit to transfer Series 'A' (or 
•' . Mexican) shares of capital stock (viz. Article 107) . 
< 3 Regarding concessions and 'assignations' (mining concessions granted to government 

'••*. agencies): there will be more precision, and less legal risk, knowing which minerals 
:,'; may be subject to a mining concession (viz. Article 18) in the substitution of the 
V formerly required specific and detailed work and investment programs for 

concessions with the commitment to undertake minimum investment commitments 
(viz. Article 30, paragraph XIV, and Article 75), and so on. 

Among the innovations contained in the Mining Regulations focused on the second 
Dbjective — stimulating increased allocation of resources — the most relevant are those 
related to the promotion of exploration, facilitating transactions and capitalisation of 
:ompanies, as follows: 

1 As to the promotion of exploration: there are increased requirements for the 
creation of National Mining Reserves in order to discourage public mining entities 
from hoarding areas or mineral substances (viz. Articles 8 through 11); and the 

.'/. increase in the amount of investments that concession holders must make under 
exploration concessions and clearly specifying the types of authorised investments 
and expenditures (viz. Articles 76 and 78). 

2 Among the mechanisms which will facilitate transactions between private parties 
;,, and, in some cases, with government entities, we can include the already mentioned: 

recognition of certain works contracts and contractual partnerships (viz. Articles 25 
and 26); liberalisation of the limits on viz. payable under exploitation contracts 
and the ability to transfer and assign them (viz. Article 67), and so on. 
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3 Regarding the capitalisation of mining companies, in addition to all of the 

foregoing — which should attract additional investments by domestic capital — 
new formulas are incorporated in the Mining Regulations which will allow the 
participation of foreign investment in mining companies, utilising mechanisms, 
either contemplated in the above mentioned Regulations of the Foreign Investment " 
Law or consistent with those therein, as follows: 

• Investment in Series 'F shares by international development financing 
institutions, which are not computed for the determination of the Mexican 
capital participation (viz. Article 105). 

• Investment, through trusts, for up to 25 years, in Series 'A' (or Mexican) shares 
of mining companies devoted exclusively to exploration (viz. Article 106, 
Section II. 

• Investment, through trusts, in Series 'A' (or Mexican) shares of mining • 
companies; provided, however, the foreign investor beneficiary of the trust one, 
installs or puts in operation an idle mill with a capacity in excess of 100 tonnes 
per day and two, within 12 years as of the commencement of sales, the shares 
are sold to Mexican nationals or companies or sold in the stock exchange (viz. 
Article 106, Section III. 

• Temporary investment, through trusts, when the mining company requires, . 
additional investments which will allow it to increase its exports. 

In addition to all of the above, and inasmuch as the Mining Regulations are a new 
body of law and not mere amendments to the previous regulations, they obviously. 
include miscellaneous other provisions of lesser importance. 

CONCLUSIONS 

Mexico has laid down new ground rules for the mining .industry. They constitute a new -
regulatory frame of reference, congruent with the worldwide trends in economic 
activity and which — with the constructive attitude of all parties, official and 
private, domestic and foreign — we expect will lead the way to new opportunities; 
contribute significantly to promote the increased growth of the Mexican mining-
metallurgical industry and keep it in its leading role among the mining nations of the 
world. 

To conclude, the Mexican doors to additional investments from abroad in the field of 
mining are open; however, as we say 'foreign miners have the know-how and Mexican 
miners have the know-who'. Consequently, the Mexican mining sector looks forward to 
the possibility of associations with foreign capital in mining ventures which will 
benefit all countries and parties involved. 



28 Chilean mining and the Pacific 
Basin 

VERONICA M O N T E R O PURVIANCE 

It is a great pleasure and honour to be able to participate on behalf of Chile and the 
Chilean Copper Commission in this Fourth MEF. 

During my presentation I shall give you a general overview of Chilean mining, its 
future prospects and the importance of the Pacific Basin with regard to the future 
development of our mining activities. 

The Chilean Copper Commission plays an important role in all those matters with 
which this presentation is related. It is a public consultancy service that advises the 
government through the intermediary of the mining office in the establishment of 
policies and rules which regulate the mining sector in Chile. 

The functions of the Chilean Copper Commission are described in Decree Law 1.349 of 
1976 which created the institution. 

The institution serves two main purposes: it provides specialised and technical 
advice to the government in all matters which directly or indirectly relate to copper 
and its by-products and in those matters related to metallic and non-metallic mining 
activities with the exception of coal, oil and gas; and it fulfils supervisory and other 
functions, all of which may be summarised as follows: 

• To report on and control the development of capital investment programs of the 
copper state-owned companies; that is, the Corporacion Nacional del Cobre de 
Chile (Codelco-Chile) and the Empresa Nacional de Minera (ENAMI). 

• To report on and control foreign investment proposals in metallic and non-metallic 
mining activities with the exception of coal, oil and gas. 

• To report to the Central Bank of Chile as determined by its administrative board 
with respect to the value of the exports and imports of copper and its by-products. 

• To support the participation of the State of Chile in international organisations 
and forums concerned with mining activity. 

• To encourage the development of production and export of manufactured copper 
products. 

At present, the purpose of the Commission is to serve as a technical and specialised 
entity, aiming not only to advise the government in the above mentioned matters, but 
also to become an effective instrument of information and cooperation for research and 
study institutions and for other public and private agencies involved in national and 
international mining. 

295 
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Chile is traditionally a mining country. Historically, mining has always been 

fundamental to economic development due to the importance it has had in generating . 
foreign currency and public resources, and to its capacity to attract foreign investment. 
For example, in 1989, 59% of Chile's total exports came from the mining sector, of. . 
which copper exports represented 49% of the national total. As a consequence, copper 
accounted for 84% of Chilean mining exports during 1989 (Table 28.1). 

The participation of the mining sector in gross national product averaged 8.2% during 
the period 1980-88. On the other hand, the labour employed by the sector represented -
2.5% of total employment in the country (Table 28.2). With respect to this last figure, 
it must be said that although it does not represent an intensive use of direct labour, it 
generates important sources of work and economic activity in distant parts of the 
country where no other alternative sources can be found. 

The mining sector contributes 20% to total fiscal resources. If calculations take into 
account the impact these resources have on direct fiscal earnings (excluding value 
added tax and other indirect taxes), the mining contribution increases to 50%. 

In Chile, there exists a great quantity of mineral resources; it has good quality -
reserves and its mineral fields are generally located near shipping ports. Moreover, 
there exists a highly qualified labour force and strong technological development. All , 
this makes Chile a privileged country in terms of attracting foreign investment to the 
mining sector. 

During the 1982-89 period, direct foreign investment in mining totalled US$1436 
million (in 1989 US$), accounting for 43% of total foreign investment in Chile. Foreign 
investment in mining was poor between 1982 and 1986 (averaging US$64 million per 
year), increasing significantly during the 1987-89 period. In 1989 it totalled US$604 
millions (Table 28.2), and it is expected that this figure, added to state investments, 
will exceed US$4000 million in the next four years. 

The important flow of foreign investment to Chile, and more specifically to the 
mining sector, is the result of legislation which grants foreign companies the guarantee ; 

of simple provisions based on the principle of non-discrimination between foreign and 
national investors, thus providing growth, diversification and development. 

Foreign investment entering the country is materialised principally through decree 
law No. 600, also called 'the foreign investment statute', and to a lesser degree through 
Article XIX of the compendium of foreign exchange regulations of the Central Bank of 
Chile. 

In order to operate in accordance with decree law 600, it is necessary to obtain an 
authorisation from the foreign investment committee, which once issued is formalised 
in a notarised contract executed by the investor and the state of Chile. 

If the foreign investment operation is carried out in accordance with the provisions of 
Article XIX, the authorisation is issued by the Central Bank of Chile on a case by case 
basis. This is a mechanism by which the investor purchases Chilean foreign debt titles 
at a reduced value over their nominal value. Later, the foreign investor exchanges the 
above titles with the Central Bank, which pays these titles in Chilean currency at -
their nominal value under the condition that the proceeds originated must be invested 
within the country in a project previously approved by the Central Bank. Investments 
materialised according to the regulations grant the investor the right to repatriate the 
invested capital and the profits arising therefrom after a ten year period — in the case 
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of the originally invested capital — and after a five year period where profits are 
concerned. 

The gradual development that foreign investment has had and will continue to have 
in Chile is a sign of the advantageous and favourable conditions existing in the country. 
Furthermore, the comparative advantages of the mining sector, the existing political 
stability and steady macroeconomic conditions, makes Chile a very attractive country 
for foreign investors. 

Chile ranks first among world copper producers, accounting for 17% of the world 
total, and owning 24% of known exploitable copper reserves. It is also the second 

- largest producer of molybdenum, iodine and lithium. 
It is the eighth largest producer of gold and the only country which produces natural 

nitrates. Table 28.3 shows metallic and non-metallic mining production between 1984 
and 1989. 

Both the developed and the developing countries located in the geographic area of 
the Pacific Basin present attractive prospects for future development. The outstanding 
economic growth shown by the countries of Southeast and East Asia, such as Japan, 
Taiwan, Korea, Singapore, Thailand and others, does not show any sign of weakening. 
Consequently, it is most important for Chile to improve its links, both commercial and 
financial, with these countries, and the United States and Canada, in order to export 
its mining products to these countries, to obtain sources of finance from them and to 
attract direct investment to Chile for the exploitation of its resources. In turn, these 
countries will be able to satisfy their increasing demand for mining products, while 
Chile will ensure diversification of its markets and trade increment. 

Even though the United States and Canada have plentiful mining resources, their 
high level of economic development and future orientation will lead to an important 
decrease in their primary economic activities, including mining activities. 
Consequently, they are bound to focus their efforts on tertiary and post-industrial 
activities, towards which their level of economic development as well as market forces 

;/. will incline them. Japan will not be an exception to this. However, due to its 
'•',£• geographic closeness to the developing Asian countries and also to the markets of the 
'"/ developed and developing countries of the rest of the world, secondary activity such as 
;'; manufacturing will continue to be of great importance, due to its limited primary 
i ' economic activity (mining and agriculture). 

As a consequence, it is clear that faced with an expected decrease in the primary 
;,' activities of the United States and Canada, and increasing demand of mining raw 
\ materials from Japan and other Asian countries, the developing countries with mining 
;; •• resources will be called on to satisfy those requirements. The developing countries 
-, located in the Pacific Basin of Indonesia, Malaysia, Papua New Guinea, the 

Philippines and the more developed Australia are the countries with which Chile 
will have to compete in order to obtain new markets for its products. 

Chilean state-owned mining companies, principally copper mining companies, are 
:ontemplating the possibility of participating in joint ventures and other similar types 
}f cooperative ventures with foreign companies, both mining producers and consumers 
[smelters and refineries) which meet the necessary requirements and which are 
:apable of contributing their technology and capital for the exploitation of Chilean 
-esources under the best conditions of costs, quality and delivery for the customers of the 
Pacific Basin and the rest of the world. 
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The internationalisation of the world economy and the consequent tendency towards . 

the formation of multinational companies in mining and other activities, in addition to 
other economic signals pointing in that same direction, have been understood by 
Chilean economic authorities as some of the most important factors to be considered in 
their strategy for the future development of Chilean mining. In light of this, and as *, 
stated at the beginning of this paper, the countries of the Pacific Basin represent for,. 
Chile an opportunity to introduce its products and obtain capital contributions to the'. 
development of its mining activities. In the case of copper, it is widely known that 
Japan needs to ensure the supply of copper concentrates for its smelters and refineries, 
benefiting from the growth of the refined copper market in eastern Asia. The same will 
happen to other emerging countries such as Korea and Taiwan who would also like to 
participate in that development. The supply of concentrates from closer countries such 
as Papua New Guinea and Indonesia will encounter strong demand. That competition, • 
together with the comparative advantages of production in Chile, will cancel out the 
disadvantage Chile presently faces with respect to distance and transportation in 
exporting its concentrates to Southeast Asia. 

With respect to private mining, including copper and other mining products, I wish to 
emphasise that the government will keep its open door policy towards foreign 
investment, as regulated over the past years. Companies will be free to organise 
themselves as they see most convenient: as sole exporting companies, as branches of' 
large international mining companies, or in other ways provided that Chilean • 
regulations have been complied with. The government of Chile does not wish to „ 
obstruct the companies and will establish only those rules which guarantee fair 
treatment for foreign investors. 

Table 28.4, shows estimated volumes of Chilean mining exports for the 1990-95 , 
period on the basis of those projects that will start their operations in the near future. 

With respect to copper, gold, zinc, lithium and silver, investors from the United' 
States, Canada, Finland, Japan, Australia, the United Kingdom, South Africa and , 
from foreign financial banks will be participating. With respect to iron, molybdenum, 
nitrates and iodine, there are no plans at present for expansion. 

As far as the increment of copper exports is concerned, copper will continue to be ' 
Chile's main mining export. Most of this increase will originate from the expansion of . 
foreign companies already operating in Chile and from new foreign investment projects.. 
In 1995 estimated copper exports from state-owned companies will only account for 63% 
of total exports as against 85% for 1990. 

One of the largest projects that will start up production during the next five years is 
the La Escondida Project, with an initial nominal output of 320 thousand metric tons of -
copper contained in concentrates. Its commercial output is scheduled for the first 
months of 1991. The project is owned by the Broken Hill Proprietary Company-Utah 
Escondida Inc. (57.5%), Rio Tinto Zinc Corporation (30%), Japan Escondida Corporation 
(10%) and International Finance Corporation (2.5%). Its commercial output under the 
form of concentrates is already pledged to Japan (65%), Germany (26%) and Finland 
(9%) by means of a long-term supply contract. 

Finally, I would like to briefly comment on what has happened with respect to the 
shipment of copper, iron, iodine and nitrate exports to countries of the Pacific Basin and 
elsewhere. Non-refined and refined copper exports destined for countries in the Pacific 
Basin have increased from 306 thousand tons in 1980 to 696.6 thousand tons in 1989 



CHILEAN MINING AND THE PACIFIC BASIN 299 
(+127.6%), increasing and decreasing during some years, but with a clear uptrend. Thus, 
the importance of these exports for the countries of the Pacific Basin soared to 44.7% in 
1989 against 29.5% in 1980 with regard to the country's total copper exports. 

Taiwan and Korea have recently joined the United States and Japan as important 
customers and are expected to continue increasing their purchases from Chile due to 
their strong economic development. 

As regards iron exports, ore and pellets, up to 1988,100% of iron ore exports went to 
; the countries of the Pacific Basin, falling in 1989 to 79.5%. Up to 1986,100% of pellet 

exports went to those countries, falling to 65.6% in 1989. The variations are due to a 
decrease of Chilean iron imports from Japan, the increase of these imports from the 
Federal Republic of Germany and, at a lower grade, from France. 

Total Chilean iodine exports showed increases during 1988 and 1989 totalling 4.642 
thousand metric tons. The countries of the Pacific represented a figure of 20% of said 
exports in 1984 and almost 30% in 1989, due to increased purchases from the United 
States and Japan. 

Finally, Chilean nitrates exports have increased during the last years, with the 
'•it United States, Belgium and Brazil being the main buyers of these products. In 1989 
•tf*\ these three countries purchased 80% of the total exports. 
;}- In the near future, the countries of the Pacific have the potential to provide an 
'I', interesting market for these natural nitrates, since Chile is the world's sole exporter of 
;t. these products. 
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Table 28.1 Chilean metallic and non-metallic mining exports3 (million 

US dollars f.o.b.) 

1984 1985 1986 1987 1988 1989 

Metallic mining 

Gold 149.7 151.1 161.3 223.5 255.6 259.2 
Silver 87.2 77.2 74.1 80.3 82.8 90.3 
Copper b 1,568.4 1,758.0 1,746.5 2,221.6 3,471.7 3,864.1 
Iron ore 109.8 91.7 88.5 101.0 109.8 124.3 
Zinc c 9.5 1.8 5.9 9.1 16.6 
Lead c 0.6 0.4 - 1.0 0.5 
Molybdenum oxide 101.1 99.1 94.4 99.4 108.0 113.0 
Molybdenite 32.2 30.7 3.2 0.3 - -
concentrates 

Non-metallic 
mining 

Barite 2.3 . 1.6 0.7 . 0.5 0.6 
Lithium carbonate c 13.3 12.4 16.4 19.6 22.5 
Sodium chloride c 3.8 8.5 8.2 5.4 6.4 
Sodium nitrate- 28.2 32.9 36.0 34.3. 36.8 33.1 
Potassium nitrate 16.0 17.6 17.4 15.2 19.6 18.8 
Sodium sulphate c 5.3 3.6 4.7 3.9 3.1 
Iodine 30.1 34.6 39.1 49.4 65.0 78.8 

Others 24.7 15.5 3.7 6.7 7.6 7.3 

Total mining 2,149.7 2,342.7 2,291.7 2,866.9 4,196.4 4,758.6 
exports 
(US$million f.o.b.) 

Share % of 59.1 61.6 54.6 54.9 58.7 56.7 
Chilean exports 

Copper 43.1 46.2 41.6 42.5 48.6 49.1 
Gold 4.1 4.0 3.8 4.3 3.6 3.2 
Silver 2.4 2.0 1.8 1.5 1.2 1.1 
Iron 3.0 2.4 2.1 1.9 1.5 1.5 
Molybdenum oxide 2.8 2.6 2.2 1.9 1.5 1.4 
Others 3.7 4.4 3.1 2.8 2.3 2.4 

Notes: a In 1988, the Central Bank of Chile changed some criteria in order to assign 
products to different groups — mining, agricultural, livestock and sea products, 
and industrial. Among the most important changes are: metallic gold and 
molybdenum oxide from industrial to mining; and copper scrap from mining to 
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industrial. In order to make comparisons the Bank accomplished these 
adjustments only for the years 1984 and 1985. 

b In order to keep to the criteria of the Central Bank, copper scrap has been 
excluded, 

c No separate information is available for these products, which are included under 
'others'. 

Sources: Central Bank of Chile, (excepting copper); Chilean Copper Commission, (copper 
figures). 

Table 28.2 Mining sector: importance in terms of GDP, in total 
employment and in materialised foreign investment in Chile 

Mining share Mining share 

Materialised foreign investment 

Mining share Mining share Mining sector Country's total 
in GDP (%) in 

employment 
(%) 

(1989 
US$'000) 

share (%) 

1980 7.2 2.7 na na 
1981 7.3 2.2 na na 
,1982 9.0 1.8 79.238 18.4 
1983 8.9 2.0 50.662 25.1 
1984 8.7 2.1 62.827 36.4 
1985 8.7 2.8 59.333 39.7 
1986 8.4 2.7 67.664 32.9 
1987 7.9 2.7 136.584 25.2 
1988 7.7 3.2 375.270 45.4 
1989 na 2.7 604.388 67.3 

Note: na — not available. 

Sources: Gross Domestic Product, National Accounts, Central Bank of Chile Employment, 
Economics Department, University of Chile; Foreign Investment, Foreign 
Investments Committee. 
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Table 28.3 Chilean metallic and non-metallic mining production 

1984 1985 1986 1987 1988 1989 

Metallic mining 

Copper ('000s MT of 1,290.7 1,356.2 1,401.1 1,418.1 1,451.0 1,609.3 
fine) 
Molybdenum (MT of 16,861.0 18,391.0 16,581.0 16,941.0 15,515.0 16,550.0 
fine) 
Gold (kg of fine 16,828.6 17,240.1 17,947.1 17.034.7 20.614.0 21,382.0 
Silver (kg of fine 490,365.4 517,332.6 500,076.6 499,761.1 506,501.4 535,954.0 
Lead (MT of fine) 4,284.0 2.473.- 1,501.0 829.0 1,359.0 1,241.0 
Zinc (MT of fine) 19,169.01 22.268.0 10,504.0 19,618.0 19,182.0 18,370.0 
Iran (MT of ore) 7,115.8 6.510.0 7,009.0 6,690.2 7,865.7 8,760.7 
Manganese (MT of 26,172.0 35,635.0 31,631.0 31,803.0 43,655.0 43,807.0 
ore) 

Non-metallic 
mining (all 
figures in MT) 

Apatite 4,606 " 7,110 6,684 10,389 9,161 13,550 
Clay 18,543 9,177 14,215 15,893 18,769 20,045 
Sulphur (fine total) 53,964 78,747 57,123 37,048 37,649 9,276 
-Sodium nitrates 40,279 63,992 43,826 22,131 20,725 na 
(fine) 
-Refined sulphur 13,685 14,755 13,297 14,917 16,924 na 
(fine) 
Barite 21,722 54,494 53,121 2,109 43,135 59,321 
Bentonite - - - - 529 2,005 
Kaolin 48,608- 48,537 42,170 44,533 54,464 58,320 
Calcium carbonate 2,325.949 2,470,105 2,757,093 3.016,501 3,647,488 3,713,731 
Lithium carbonate 2,110 4,508 4,458 6,139 7,332 7,508 
Cimita - 105 220 82 1,488 810 
Sodium chloride 625,760 753,427 1,032,373 865,168 1,043,397 907.485 
Quartz 293,465 267,510 293,218 350,488 495,484 453,322 
Diatomite 1,712 2.317 2,684 3,218 2,919 3,315 
Fields par 3,026 2,565 2,275 105 4,569 8,173 
Guano - 3,150 7,546 5,685 4,052 3,270 
Nitrates industry a 786.891 827,000 826,000 822,000 826,271 786,746 
-Sodium nitrate 595,350 na na na na na 
-Potassic nitrate 132,100 na na na na na 
Marble 1,440 - - - 2,022 1,115 
Iron oxide 16,113 8,224 4,404 8,145 8,542 23,653 
Pozzolana 172,150 206,333 222,060 242,453 277,179 299,874 
Sodium sulphate 57,696 na na na na na 
(total) 
-Anhydrous sodium 56,770 na na na na na 

sulphate b 

-Sodium sulphate 926 815 4.616 12,406 15,879 10,245 
Talcum 422 1,299 2,257 980 1,070 835 
Ulexite 3,985 4,773 6,440 13,438 32,122 127,932 
Gypsum 167,477 195,911 192,847 235,173 315,904 275,848 
Iodine (total) 2,661 na na na na na 
-Iodine b - - 51 101 404 845 

Notes: na — not available. 
a SOQUIMICH total finished production. (Includes sodium nitrate, potassic 

nitrate, sodium sulphate, anhydrous sodium sulphate and iodine.) 
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b Does not include production of the nitrates industry. 

Sources: National Geological and Mining Service, excepting copper and molybdenum; 
SOQUIMICH, nitrates industry; Chilean Copper Commission, copper and 
molybdenum figures. 

Table 28.4 Chilean mining exports, estimated volumes, 1990-95 
(thousand MT) 

1990 1991 1992 1993 1994 1995 

Copper a 1.500 1.750 1.900 1.940 1.870 1.870 
Molybdenum a 0.16 0.16 0.16 0.16 0.16 0.16 
Iron ore and pellets 7,000 7,000 7,000 7,000 7,000 7,000 
Zinc a 18 18 20 30 30 30 
Go ld 3 0.025 0.029 0.035 0.035 0.035 0.035 
Silver 3 0.61 0.80 0.98 0.94 0.94 0.94 
Lithium carbonate 7.5 7.5 7.5 7.5 7.5 7.5 
Nitrates 450 450 450 450 450 450 
Iodine 3 4.6 5.0 5.0 5.0 5.0 5.0 

Note: a Expressed in fine contents. 
Source: Chilean Copper Commission. 
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29 China's iron and steel industry: 
problems and prospects 
LUQI 

ABSTRACT 

This paper focuses on the development of China's iron and steel industry 
and its problems and prospects. After discussion of the current situation, 
some of the problems in the industry are explored: the inadequate 
development of the iron and steel industry in terms of the requirements of 
national economic growth; the inadequate structure of steel product 
varieties with respect to the requirements of adjustment in China's 
industrial structure; and inadequate product quality in light of the 
requirements of various parts of the national economy and the national 
defence industry. 

These problems are expected to be exacerbated in line with predictions for 
the development of China's iron and steel industry by the turn of this 
century. This requires that the development of China's iron and steel 
industry be taken into consideration from a strategic point of view. 

As a strategic industry for the national economy, government policy 
should focus in the 1990s on updating existing enterprises and also consider 
building some modern plants given China's mineral resources, energy 
resources and transportation conditions The renovation and extension of key 
large-scale and newly-built plants is required to meet the urgent need for 
certain high quality products in different areas of the economy and to 
promote the renovation of technology and equipment. China's iron and 
steel industry will achieve its goals of rationalising the structure of steel 
product varieties, improving the quality of products and raising its degree 
of self-sufficiency in key varieties by way of renovation and extension. 

CHINA'S IRON AND STEEL INDUSTRY AT PRESENT 

The iron and steel industry has developed rapidly and changed profoundly since 1949. 
A. Chinese styled production system has been built, in which large-medium-small scale 
3nterprises have combined to distribute through the country an annual steel output of 63 
million tons. 
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In 1949 China produced 158,000 tons of steel, making it the 26th largest steel producer 

in the world. In 1952 steel output surpassed all previous records and increased by up to 
1.35 million tons. In 1977,23.74 million tons of steel were produced, surpassing Britain 
(20.41 million tons) and France (22.09 million tons). In 1982 steel output amounted to 
37.16 million tons, surpassing Germany (35.88 million tons) and giving China a new 
ranking of 4th among the world's largest steel producers, just behind the Soviet Union, 
Japan and the United States. In 1983 steel output reached 40.02 million tons, more than 
five times the total output of 50 years production in China prior to 1949 (7.6 million 
tons). In 1986, 52.21 million tons of steel were produced, in 1988, 59.43 million and in 
1989, 61.59 million tons. In 1990 the strategy of 'Further Improving the Environment, 
Straightening out the Economic Order, Deepening the Reforms, and Developing in a 
Sustained, Stable and Coordinated Manner' is being carried out, with steel output 
amounting to some 52 million tons in the first 10 months of the year, and total output 
predicted to be over 62 million tons. Over the 40 years from 1949 to 1989, China's total 
output has reached 860 million tons of crude steel, 890 million tons of pig iron and 650 
million tons of steel products. 

By the end of 1989, there were some 1,500 iron and steel enterprises all over China' 
ranging in size from large and medium to small-scale, among which were four extremely, 
large-scale enterprises with an annual capacity of over 3 million tons, and 11 large-, 
scale enterprises with an annual output of 1-2.5 million tons. The sum output of the 
above 15 enterprises amounts to 65% of China's total output. There are 47 medium-scale ' 
enterprises with an annual output of 100,000 to 1 million tons, including 15 plants'" 
annually producing 200-600 thousand tons of special steel. The sum output of these 62; 
enterprises accounts for over 90% of China's total steel output. 

While the Chinese iron and steel industry increased its output, great efforts have 
also been made to produce high performance steel products. In 1930,3.025 million tons 
of low alloy steel were produced. This increased to 8.7065 million tons in 1989, at an 
average annual rate of 12.46%. Alloy steel output also increased to 3.9525 million tons 
in 1989 from 1.84 million in 1980, at an average annual rate of 8.87%. Production of 
products such as plates, pipes and strips in 1978 was 7.12 million tons, rising to 17.811 
million tons in 1989, and accounting for 36.61% of total steel products output in that year 
(48.6513 million tons). In order to improve the quality of such steel products as plate for 
ship building, cold rolling plate for motor building, high speed tool steel wire, beam 
steel and so on, more than 400 international standardised production lines have been 
put into operation, with some 17 million tons of steel produced in 1989, in compliance 
with international standards. This accounted for approximately 35% of total steel 
product output in the year. It is predicted that annual output in 1990 will rise to some 
20 million tons. 

The technical structure of the Chinese iron and steel industry has been improved to 
some extent, and better tech-economic indexes applied (Table 29.1). In the meantime, 
technical renovation, environmental protection and comprehensive utilisation are in 
progress. Iron slag, steel slag and coke gas are utilised at ratios of 87%, 80% and 97.27%. 
respectively. Gas was recovered from converters with a capacity of over 30 tons in 13 • 
plants, 90.25% of waste water was treated, and 73.83% of total industrial water used in ' 
closed circles. Since 1978 new technology has been introduced from abroad including 
mining and transportation equipment, high speed steel wire rolling mills, ladle , 
refiners, continuous casters used in Baoshan Steel and other large-scale mines, and 
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other equipment and know-how at a total value of more than US$6 billion, exceeding 
.:'• the total introduced in the 30 years before 1978. Some 500 new techniques have also 

been introduced and absorbed. Since 1978, 7,000 achievements in scientific and 
technical research using Chinese expertise have been recorded, while more than 800 
new materials have been developed. 

Since 1987 reform in China's iron and steel enterprises has intensified. The 
. contracted responsibility system has been instituted by 35% of the enterprises, with 

significant improvement to economic efficiency. Profits and taxes amounted to 5 billion 
yuan in 1978, rising to 20.829 billion yuan in 1989 at an annual rate of 13.85%. 

China's iron and steel industry has grown dramatically. However, it is still a weak 
link in the national economy, with three basic inadequacies. First, the development of 
the iron and steel industry is inadequate to the requirements of national economic 
growth. Since 1978 the gross value of national production has increased at an average 
rate of 9.8%, while steel output increased at an average rate of 6.6%. Only 75% of steel 
product consumption is based on domestic supply. Between 1980 and 1989, about 90 
million tons of steel products were imported from overseas, at a value of more than 
US$30 billion. 

Second, the structure of steel product varieties is inadequate to the requirements of 
adjustment of China's industrial structure. For a long time domestic steel products were 
comprised mainly of sections and wires, with plates and pipes accounting for only 
37.02% in 1989. Some 120 types of fundamental steel products used in the energy, 
transportation, raw materials, machinery and light industries have an even lower self-
sufficiency rate and need to be imported. 

Third, product quality is inadequate to the requirements of various parts of the 
national economy and the national defence industry. For instance, carbon content in 
structural steel, sulphur and phosphorous content in plain carbon steel, and hydrogen, 
oxygen and impurities in bearing steel are far worse than levels found in Japanese and 
West German products. 

CHINA'S IRON A N D STEEL INDUSTRY BY THE TURN OF THE 
CENTURY 

[n 1989 total equivalent steel consumption was 72 million tons, comprised of 61.59 
Trillion tons of domestic made and more than 80 billion tons of imported produce. When 
astimating steel product requirements by the turn of this century, we should not only 
ake into account the average growth rate of gross value of national production, but also 
:he fact that three-quarters of China's population is distributed in rural areas; the 
•equirements for iron and steel in the rural areas are obviously different from those in 
irban areas. Consideration should also be given to factors such as technical advances 
such as high steel product ratios, better quality of products, greater varieties of steel 
jroduce and improvement in steel utilisation ratios), adjustment of product structure 
ind the development of substitute materials. The Metallurgical Economic Research 
ind Development Centre and other related institutes estimate that, in the year 2000, 
.teel product consumption will probably reach 85-90 million tons, equivalent to 100-110 
nillion tons of steel. This will not be the ceiling rate for consumption requirements, 
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since these will probably increase continuously for a certain period after the year 2000. 
In addition, it is estimated that plate, pipe and strip products will amount to some 45% 
of the predicted 100 million tons of steel consumption. This is based on the structure of 
steel product requirements but generally is reliable, with some details requiring further ;• 
adjustment and correction in the light of steel product marketing in the 1990s. What is 
clear so far is that China's iron and steel industry is not a 'sun-set', but a 'sun-rise' 
industry, one that should be developed as a strategic focus in the 1990s. 

As discussed above, plate, pipe and strip products will amount to 45% (by weight) of 
total steel consumption by the year 2000, but this figure is still far behind that of the 
developed countries. The reason lies in the China's smaller scale motor and ship
building industries compared to those in the United States, Japan and West Germany 
say, and different kinds of consumption. As regards specific varieties, 120 fundamental" 
kinds are in urgent need in different parts of the economy to raise the self-sufficiency .: 
ratio, and total self-sufficiency is required in 50 varieties for the energy,, 
transportation, raw materials, electronic and machinery industries, and light industry 
as well. The aim is also to produce 60% of total steel output in accordance with 
international quality standards and up to 80% in the key enterprises. Some of the 
applied products are to meet overseas advanced quality standards at the same time. 

STRATEGIES FOR THE DEVELOPMENT OF CHINA'S IRON AND 
STEEL INDUSTRY 

Based on the above forecasts, it is further estimated that 100 thousand tons of steel 
products will be imported annually compared with a probable increase of 20-30 million, 
tons of steel output by the turn of this century. Therefore, it is necessary to 
comprehensively consider the development of China's iron and steel industry in a 
strategic manner. 

Being the strategic industry in the economy, the iron and steel industry should be 
supported by appropriate policy. However, development of the industry in the 1990s 
will still focus on updating existing enterprises by applying appropriate techniques at 
different levels and stages for the different kinds of plants. Consideration needs to be 
given accordingly to the the construction of some modernised plants in response to 
China's mineral resource, energy resource and transportation conditions. The 
renovation and expansion of key large-scale plants as well as the newly-built plants is. 
not simply to increase output, but, more importantly, to also meet the urgent need for 
certain high quality products in different parts of the economy, and to promote the 
renovation of production processes and equipment by way of developing new varieties. 
Plate and pipe products should be the main lines for the key large-scale plants to meet-, 
requirements in the transportation, chemical, light and national defence industries.. 
The medium to small-scale plants should mainly produce large amounts of steel 
products for house building and hardware, such as rods, wires, medium to small-scale 
steel and even most of the medium plate requirements. It is recommended that special 
steel plants are developed to achieve professional differentiation. In general, the 
Chinese iron and steel industry should achieve its goal to rationalise the structure of 
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steel product varieties and product quality, as well as raise the self-sufficiency ratio of 
key varieties through renovation and expansion. 

In order to solve the discrepancy between use and supply of steel products, attention 
should focus on four issues: 

1 promoting the construction of domestic iron ore mines and rationally utilising 
foreign resources; 

2 with the prerequisites of low investment, high output, great effectiveness and high 
efficiency, increasing iron output while decreasing coke consumption by means of 
fully employing the potential of existing blast furnaces instead of building more 
blast furnaces and coke ovens; 

3 improvement of the product ratio of crude steel, through active development of 
continuous casting as the key measure, and moulded ingot (the continuous casting 
ratio for China's iron and steel industry should be above 50%, with the product 
ratio higher than than 88%); and 

4 solving the problems of bad raw materials and low quality, high consumption, and 
limited varieties. 

The development of low alloy steel and alloy steel should also be strengthened, 
with the emphasis on the development of fundamental varieties needed by basic 
industries and the national defence industry, especially those that are important to 
the thermal power, hydropower, nuclear power, transportation, oil, chemistry, large-
scale mining, and machinery building industries, as well as the application of research 
and development to auxiliary materials used in the electric, electronics and national 
defence industries. 

Steel output is predicted to increase to over 80 million tons by the turn of this century, 
mainly by way of technical renovation of existing technologies and expansion of 
existing plants, in addition to a few plants still to be constructed. A number of 
expansion and renovation projects other than Anshan Steel, Wuhan Steel, Benxi Steel 
and Meishan Steel should utilise foreign investment. Potential exists for the Chinese 
iron and steel industry to expand its horizons considerably in the years ahead. 

Table 29.1 Chinese iron and steel industry ratios 

1978 1988 1989 

Rolled steel / steel 0.695 0.789 0.83 
Pig iron / steel 1.095 0.960 0.945 
Continuous casting ratio . 3.5% 14.7% 16.3% 
Low alloy steel ratio 8.5% 14.6% 14.13% 
Open hearth steel ratio 35.5% 21.9% 21.32% 
Oxygen converter steel ratio 33.4% 56.14% 57.8% 
Overall energy consumption / 
ton of steel (standard coal) 2.521 1.647t 1.6361 

Note: Steel output includes ingots, continuous-cast billets and casting steel. 
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PROCESSED MINERAL PRODUCTS TRADE 

Non-metallic mineral products in 1989 

Imports 
• 46 items, valued at $(NT)70,783 million (1.79% GNP), of which 15 commodities 

have a" value over $200 million (Table 30.1). 
• 17 countries, of which 68.42% in value from Pacific countries (Table 30.2). 

Exports 
• $(NT)27,266 million (0.69% GNP), of which 11 items have a single export value 

over $200 million (Table 30.1). 
• 19 countries, of which 73.26% in value to Pacific countries (Table 30.2). 

Metallic mineral products in 1989 

Imports 
• ore, ingot and scrap of major metallic mineral products valued at $(NT)81,710' 

million (2.06% GNP) (Table 30.3). "' 

Production 
• basic metal production valued at $(NT)292,144 million (7.37% GNP) (Table 30.4). 
• metal products production valued at $(NT)250,753 million (6.33% GNP ) (Table 

30.5). 

Exports 
• basic metals and articles valued at $(NT)136,905 million (Table 30.6). 
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V NATURE OF THE INDUSTRY 

• capital, energy and land intensive. 
• low profit margin, cost competition, long pay back period. 
• required technology: process technology and product development. 
• increasing trend of substitution, trading according to specification based on chemical 

composition and physical properties. 
• production cost based mainly on raw materials, energy, maintenance and manpower. 
• key factor for competition: quality, cost, service and delivery. 
• mature industry. 

MAJOR PROBLEMS FACING THE INDUSTRY 

• too much dependence of raw material on imports, subject to price fluctuations. 
• small scale operations, less efficient production and management, weak financial 

structures. 
:,, • product structure not rationalised, too much repetition and causing vicious price 

competition. 
• weak quality control capability, mostly stay at the level of inspection. 
• classification and preliminary treatment of scrap are not performed properly. 

, • lack of R&D. 

ENVIRONMENTAL CHANGES INFLUENCING THE INDUSTRY 

Environmental changes 
• Economic environment: 

slower growth rate 
currency appreciation 
trade protectionism 
liberalisation and internationalisation 
trend towards service and information economy. 

• Social environment: 
ecology 
industrial safety 
labour rights 
consumer awareness 

• Technology environment: 
flexible manufacturing system 
integrated level of automation 
computer, communication, microelectronics, new materials, bio-technology. 
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CHANGES AFFECTING THE INDUSTRY 

• smaller economic scale, entry of more competitors. 
• market needs towards variety but smaller quantity, bi-polar requirement of 

performance and cost. 
• faster replacement of process and equipment 
• more material substitution, competition from different trade. 

SUGGESTED STRATEGIES FOR TRADE DEVELOPMENTS 

Raw materials 

• setting up scrap classification /processing zone, united purchasing operations. 
• overseas investment in mining and/or primary processing plants based on the 

comparative advantages of raw material, energy, land and/or manpower, shipping 
back semi-finished products. 

Industry structures 

• through administrative incentives to help rationalise the small plants, upgrade 
the products. 

• setting up plant standards, revamping and upgrading facilities. 
• fostering an environment to attract and train qualified personnel. 

Marketing 

• Domestic - market development in higher value-added areas' niche market 
identification. 

• Abroad - export of higher value-added products 
- investment in production which addresses local needs. 

• Setting up service centres. 

Production technology 

• flexible manufacturing system. 
• development of technology in quality upgrading, yield improvement and energy 

efficiency. 
• introduction of high quality/low cost processing technologies. 
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Information technology 

• integration of production automation, office automation and decision support 
system. 

• network communication with information systems abroad to expedite international 
purchasing, sales and related consultation. 

:.. INTERNATIONALISATION 

• assisting the industry to get vendor approval and obtain necessary recognised 
certificates. 

• • setting up independent, internationally recognised inspection, auditing institutes to 
help maintain standards. 

• strategic alliances with OECD countries of Europe, North America and Japan 
- from OEM to OED (original equipment designers) 
-starting with niche markets 
-long-term commitments. 

• technology/management transfer from advanced countries 
- licensee agreement 
- retired expert services 
- overseas study programs. 

CONCLUSION 

Environmental changes create both opportunities and threats, industry should make 
strategic plans to take advantage of such changes. 

For a mature industry such as the mineral product processing industry, the 
competitive advantage lies in the processing technology, product application and close 
coordination with both raw material suppliers and customers. 

For a long-range viewpoint of trade development, the scope should not be restricted 
to commodity exchange; rather, it includes overseas investment, technology transfer 
and strategic alliances. 
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Table 30.1 Trade of major processed non-metallic mineral products in 
Taiwan, 1989 

Commodity Quantity M.T. Value 
NT$1.000,000 

Imports: 

Glass fibres 6,106 2,467 
Unnamed stone article 1,846 1,345 
Refractory bricks 30,616 1,117 
Ornamental ceramic articles 866 951 
Ceramic for technical use 961 862 
Glass articles 52,062 787 
Glazed ceramic flags 25,617 588 

and paving 
Refractory ceramic goods 4,663 525 
Cement 412,488 476 
Grind stone 3,545 417 
Mineral wool 19,008 400 
Carbon 19,008 400 
Carbinde articles 11,638 350 
Silica 594 307 
Sulphide acid 285,408 294 

Exports: 

Other ceramic & china 74,212 9,986 
articles 
Ornamental ceramic 15,693 3,806 
articles 
Semi-processed stone 53,135 1,908 
articles 
Cement 2,203,497 1,878 
China articles 12,561 1,371 
Household ceramic 10,491 1,098 
articles 
Glass articles 47,790 969 
Glass fibres 5,198 702 
Glazed ceramic flags 33,253 535 
and pavings 
Grind stone 6,442 441 
Sanitary ceramic articles 5,951 228 
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Table 30.2 Statistics of import and export of processed non-metallic 
mineral products in Taiwan, 1989 

;J Country Import Export 

!k (Value: $(NT)1,000) 

;•'' Australia 2,885,551 1,125,377 
.,'":• Brunei 0 2,188 
;,* Canada 469,622 1,383,222 
V Hong Kong 31,004,331 1,608,031 
v ; Indonesia 172,075 164,746 
•"; Japan 9,433,755 3,395,193 

Korea 1,114,371 481,173 
Macao 3,393 3,305 
Malaysia 73,673 149,158 
Mexico 1,267 55,437 
New Zealand 6,681 111,644 
Panama 2,009 43,936 
PNG 0 8,147 
Philippines 30,290 165,661 
Singapore 371,438 668,346 
Thailand 153,525 306,074 
United States 2,704,063 17,577,161 

.. USSR 107 0 
-.-. UST/PPA 0 16,953 
'•'•'"- Vietnam 118 148 

Sub-total 48,426,269 27,265,900 
Total 170,782,989 37,218,292 
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Table 30.3 Import of metallic mineral products, 1989 

item Quantity Value Remarks 

(Tons NT$1,000) 

Iron ore 8,370,546 5,534,290 Australia, Brazil 
South Africa 

Steel ingot 2,222,235 17,171,826 
Steel scrap 1,552,971 8,658,833 

Cooper ore 152,261 2,560,085 Chile.US.Mexico, 
Philippines 

Cu ingot 
Cu scrap 

275,679 
31,434 

20,945,179 
1,600,666 

Al ingot 
Al scrap 

222,824 
71,711 

12,847,270 
2,811,537 

Zn ingot 
Zn scrap 

70,817 
163,383 

3,351,347 
4,133,606 

Pb ingot 
Pb scrap 

26,387 
72,741 

541,640 
467,700 

Sn ingot 
Sn scrap 

4,588 
655 

1,012,210 
72,994 

Others 405,304 2,148,940 
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Table 30.4 Basic metal production values 

Item Value (NTxlOb) 

Iron/steel refining 23,441 
Steel rolling 140,010 
Steel casting 17,582 
Steel forging 684 
Secondary steel processing 34,129 
Dismantling & processing 
of used vehicles 16,504 

Fabricated Al products 6,302 
Copper refining 3,659 
Fabricated Cu products 23,068 
Other non-ferrous basic 
metal 26,763 

Total 292,144 

Table 30.5 Metal products production values 

Item Values (NTxlOb) 

Metal hand tools 25,444 
Metal die 19,767 
Metal furniture 37,852 
Structural metal products 17,397 
Al products 17,512 
Cu products 22,051 
Other metal products 110,729 
Total 250,753 
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Table 30.6 Major exports of basic metals and articles 

Item Value (NTx10 ) 

Iron/steel 136,905 

Metal products 69,222 

(excludina iron/steel) 136,905 

Table 30.7 Processing pattern 

Raw material Processing 
primary & secondary 

Market 

ore 
scrap 
ingot 

import 

capital 
technology 
equipment 
energy 
manpower 

value-added 

domestic 
export 

export 
domestic 
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processing in Canada 
J O H N A. BUTTERFIELD 

, Canada is a major producer of mineral and metal products and a major exporter. Not 
including iron ore, steel or coal, the annual value of Canada's exports approximates 
US$15-18 billion. These productions make minerals and metals a highly important 
industry for our country. The industry provides a large number of good jobs and accounts 
for about 24% of all Canadian exports. 

Yet there is often a lot of adverse comment about the activities and behaviour of 
Canada's mining companies. Some of this comes from environmental groups who wish to 
deny the companies access to land and who deplore the fact that they leave some scars 

. on the country, at least temporarily. Some adverse comments come from those who 
v believe the mining industry should pay more than its pro-rata share of taxes. And some 
' ; ' of it comes from those who believe that far too high a percentage of Canada's minerals 
:»' !are exported out of the country, in unprocessed form. This paper aims to determine 
f' whether there is some truth to this last point by examining the facts. 

. SMELTING A N D REFINING 

'••: Copper 

Copper is the most important of the base metals in terms of value. Copper mine 
production approximates 750,000 metric tonnes annually, of which 500,000 tonnes is 
smelted and refined locally while 250,000 tonnes are exported in concentrate form. 
These concentrate exports are made almost entirely from the west coast and are 
delivered mainly to Japan, Korea and the People's Republic of China. 

A number of studies have been undertaken in the past to determine whether domestic 
smelting and refining of this western 250,000 tonnes might be economic. The sites 
examined for these potential activities have been either on the west coast or about 250 
miles north-east from Vancouver near the Kamloops or Highland Valley area, where 
much of Canada's western copper is found. No site has yet proved to be economic and 
there appear to be two reasons for this. Firstly, there is only a small demand on the 

::•;•] west coast for the products which would be generated from such a smelter — copper and 
•: sulphuric acid. Secondly, copper concentrate can be transported overseas at a much 
. lower cost than the aggregate cost of transporting to their likely destinations, the 

products which the smelter would generate. It is important to keep in mind that 1 tonne 
: ' of copper concentrate, when smelted, generates 1 tonne of sulphuric acid and 0.3 tonnes 
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of copper. For these reasons, it seems unlikely that a west coast smelter or refinery will 
be built in the near future. 

Zinc 

Zinc shares some similarities with copper. Mine production is about 1.3 million tonnes, 
of which around 0.3 million tonnes is exported as concentrate and 1.0 million tonnes is 
processed to metal. The economics of smelting zinc locally are better than for copper 
because electric power, which in some locations is generated at low cost from . 
hydroelectric sites, accounts for a significant part of the operating cost in • 
electrowinning zinc. Further, a large share of the United States smelting industry has 
closed down over the last 15 years. During this time, demand — mainly for galvanising 
— has been rising. 

Overall, the prospects appear good for continued growth in the share of zinc to be 
smelted inside the country. And, in fact, a significant share of the mine production from 
the very large Red Dog Mine in Alaska will be imported into Canada for smelting. 

As with copper, the percentage of zinc fabricated inside Canadian borders is modest. 
Most of the metallic zinc recovered is delivered to consumers in the United States, 
whose previous local smelter suppliers have in many instances closed down because of 
old age and environmental restrictions. 

Nickel 

All Canadian production is smelted locally and most of it is refined locally as well. 
This is mainly by pyrometallurgical processes, although there is also a chemical plant 
operated by Sherritt Gordon which recovers nickel by using an ammonia leach process. 
The national production of nickel approximates 200,000 tonnes. 

Lead, uranium and iron ore 

Lead production is about 350,000 tonnes, of which perhaps 70% is smelted locally and 
30% exported as concentrate. 

Uranium is, of course, a specialised product of which Canada is the largest producer. 
Because of certain policies and the fact that Canada possesses no enrichment plant, , 
processing has been very limited. 

Iron ore is also produced in large quantities but most of Canada's output is exported 
unprocessed, mostly to the United States, Europe and Japan. 

So, the spectrum of processing mine production through its first stage shows a mixed. 
bag: all the way from nearly zero for uranium to nearly 100% for nickel. Taking all 
these commodities into account, it seems Canada takes more than 60% of the value of 
its mine production through the first processing stage (usually smelting, sometimes also 
refining). 
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To a fair extent, Canada has to be thankful for its proximity to the United States 
and we in the industry are grateful that the Americans are our very good friends. I 
believe we are still each other's largest customer and the United States continues to 
account for about 70% of all Canada's exports. Of Canada's mineral and metal exports, 
the United States receives about 60%. These numbers will not change much in the 
future. Canada's exports to Asia will surely increase as economies expand them, but 
exports to the United States will also surely increase as Canada moves into the free 
trade mode. 

FABRICATION 

Approximately half of the 500,000 tonnes of copper refined domestically is fabricated 
inside Canadian borders; the other half is exported as refined copper. Fabrication has 
tended to increase partly as a function of the free trade automotive agreement between 
Canada and the United States. Now that this agreement has been struck, some further 
increase in fabrication is anticipated. However, when the conversion of the spectrum of 
metals into fabricated products is examined, Canada's performance is not nearly as 

V; •' satisfactory. Overall, it appears to drop somewhere below 20%. There are at least 
'<rf. three reasons for this: 

'I ' : 1 With a population of only 27 million, mostly strung along a southern border of about 
4,000 miles, building world scale efficient fabricating plants is difficult. 

;, 2 Regardless of the first point, fabrication is often done more efficiently, and 
'•'< certainly distribution is more efficient when the fabricating plant is close to the 

consumer. For example, even forgetting about their just-in-time delivery tradition, 
-'•-,' Toyota would always expect better service from a local die-caster than from a 

Canadian supplier. 
3 Lastly, tariffs, especially progressive tariffs which increase as onward processing 

increases, are a serious deterrent to fabrication. In most countries tariffs are zero, or 
nearly zero on unprocessed concentrates. But in many Asian countries they begin as 
soon as refined metal is tendered and they escalate quickly for fabricated products. 
Of course, there are reasons given for these tariffs and some of them are justified. 
But they do work counter to the law of comparative economics. If we are good 
members of GATT all of us should try to work towards one of the important aims of 
the Uruguay GATT Round, which is to reduce these progressions. Of course, I wish to 
acknowledge that these will disappear between Canada and the United States 
when the free trade agreement reaches complete maturity in 1998. 

CONCLUSIONS 

;,, The Canadian government will surely continue to express its desire to those of us in the 
.-'... industry and to our trading partners that more processing of all kinds be undertaken on 

our minerals inside Canadian borders. Perhaps the industry can respond better as the 
- free trade pact with the United States comes fully into force and as tariffs are reduced. 
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As a further possibility, there may be opportunities for joint investment in smelting or 
refining processing or fabricating either within Canadian borders or in Asian countries.' 
Canada has, of course, relaxed its FIRA restrictions, and the recent more friendly > 
policies towards foreign investment now being taken by Pacific Rim countries is 
encouraging. 

Essentially, this concludes what I want to say except to mention that up to now I -
have completely ignored one very large commodity of great importance to Canada, 
namely aluminium. Canada does not mine bauxite but it does process a lot of it because", 
of the country's large and increasing blocks of efficient hydro-electric power. From this . 
large aluminium production, a significant amount of processing does occur and the major 
company involved exports a significant amount of product as well as engaging in joint 
fabricating ventures in a number of Pacific countries. 
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ABSTRACT 

The recycling of metals has flayed, an important role in -providing metal 
resources in the past two decades in Taiwan. In 1988 the nation's needs for 
steel, copper, lead, zinc and aluminium were supplied through recycling, 
amounting to about 43%, 40%, 76%, 72% and 32% respectively for these 
metals. The recycling process is labour intensive and often accompanied by 
pollution. Therefore, in 1983 and 1986, the government established two 
mixed metal scrap processing areas in southern Taiwan to allocate and 
centralise plants recycling classes Bl and B metal scrap. The aim is to 
promote recycling technology and pollution control. In 1988 the Industry 
Bureau sponsored the Energy and Resources Laboratories, Industrial 
Technology Research Institute to establish a Resource Recycling Service 
Centre to service metal recycling plants. The work scope of this service 
centre aims at developing innovative technology, reducing production cost, 
upgrading quality, and strengthening pollution control. 

Up to now, the Resource Recycling Service Centre has developed the 
following technologies: a chemical process for stripping plated plastic 
materials, the recovery of palladium by anode dissolution, a new method 
to manufacture silver powder, the defoliation of plated plastic materials 
by scrubbing, and the refining of palladium by electrolysis and osmosis. 
These technologies have the advantages of increasing recycling production, 
improving grade of product, and controlling pollution easily. The Resource 
Recycling Service Centre is also developing the technologies for refining 
zinc by electrolysis, treating waste pickling solution from metal 
reclamation, and designing electrolysis-osmosis cells. 

No industrialised nation can prosper and maintain an economically viable status 
without adequate supplies of minerals and metal raw materials. In Taiwan, secondary 
metal has been a primary source of metal supply due to the scarcity of minerals. On the 

. other hand, since political and economic instability may occur in the countries on which 
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Taiwan relies for metal raw materials, it is vital to establish sound metal recycling in . 
order to provide our industry with an alternative source of metals. 

As a matter of fact, domestic steel, copper, lead, zinc and aluminium acquired and ; 

supplied through the recycling industry in 1988 accounted for about 43%, 40%, 76%, 72% 
and 32% respectively. Unfortunately, scrap recycling industries have become •. 
increasingly difficult to work on in Taiwan. Labour-intensive processes have raised the ̂  
handling cost of scraps dramatically, and now it threatens to create a negative effect in . 
a domestic economy which was originally favourable to scrap utilisation. As such, it 
has been a popular research program as to how to adapt a mechanical system to 
separate scraps. Another problem which concerns the Taiwan authorities is the 
pollution created by the recycling process. Re-smelting of non-ferrous scraps excepted, 
the major recycling process conducted in Taiwan is for the recovery of precious metals 
from electronic scraps through a dissolution process which involves oxidising by HNO. • 
As a result of the unfinished waste — acid treatment, water pollution, and NOx 
pollution —this process is in urgent need of attention. Hoping to control the 
environmental pollution, the authorities established two mixed metal scrap processing 
sectors in southern Taiwan, one in 1983 and and the other in 1986, to allocate and 
centralise recycling plants with classes Bl and B2 metal scraps, which can result in 
potential hazardous pollutants. Despite this kind of management, serious problems 
still exist. 

From the standpoint of extractive metallurgy, treatment of scrap is very different* 
from that of natural primary ores. A wide variety of materials generally mixing with , 
valuable metals makes processing more difficult in the plants. In the past, the critical 
problems of recycling in Taiwan were: 

• unavailability of pollution prevention techniques; 
• lower capital and higher operating costs; 
• recovery of precious metals with unconventional extractive techniques; and 
• difficulty in conducting systematic improvements to develop pollution prevention 

techniques. 

Under these conditions, in 1988 the Industry Bureau sponsored the Energy and. 
Resources Laboratories of the Industrial Technology Research Institute (ITRI) to 
establish a Resource Recycling Service Centre (RRSC) to support metal recycling plants 
to tackle the difficulties. 

This paper is intended to provide a concise description of the technical developmenl. 
undertaken by the RRSC to surmount these difficulties. Most of the techniques used- • 
were scale-up level and were established in the Wanli Demonstration Plant. The 
paper discusses the following recycling processes: 

1 anodic dissolution for recovering precious metals from electronic scrap; 
2 cupric chloride dissolution for recovering precious metals from electronic scrap and 

stripping valuable metals (Ni, Cu,...) from plated plastic materials; 
3 palladium refining to 99.95% by application of electrolysis and osmosis; and 
4 precipitation for manufacturing electronic grade silver powder. 

o 
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RECYCLING TECHNOLOGY DEVELOPED BY THE RRSC 

Anodic dissolution process for recovering precious metals from elec
tronic scrap 

The often quoted pollution-from-scrap-recycling in Taiwan is the process of dissolving 
base metals of contacts dismounted from electronic scrap. This process not only consumes 
a large amount of acidic-dissolute, which is expensive, but also requires a fairly 
workable waste water treatment system (Tei-Chih Cheau, 1990). The RRSC's first 
task was to develop a new, more practical process. 

Because the base metals are composed of valuable metals such as Cu, Ni, Cr, Zn, and 
so on, the most promising process is to recover precious metals as well as valuable ones. 
Following this concept, the RRSC developed an anodic dissolution process based on 
electro-extractive principles. Its operating characteristics are (the Cu-Ni alloy is 
quoted as base metals): 

Reactions at the anode: 
2Cf-»C12 + 2e" (1) 
Cu + l /2Ni->Cu + + l / 2 N i 2 + + 2e" (2) 

Reactions at the cathode: 
4Na + + 4e" -> 4Na (3) 
4Na + 4H20->4Na + + 40H" + 2H 2 (4) 

Reactions in the solution: 
4NaCl -> 4Na + + 4C1" (5) 

• Cl2 + 20H'->C10~ + Cr + H2 (6) 

; Cu+ + l / 2 N i 2 + + 20H"->CuOH + l/2Ni(OH)2 (7) 
\ CuOH + l/2Ni(OH) 2 +CIO"->CuO + l/4Ni203 + Cr + H 2 0 +1/80 2 (8) 

:Total reactions: 

(l) + (2)+...+(8) 
Cu + l/2Ni + 2H 2 0 -> CuO + I/4M2O3 + 2H 2 + I/8O2 (9) 

The pilot test has been conducted, and its operation flowsheet is presented in Figure 
'12.1. The advantages and disadvantages of the anodic dissolution process have been 
•tudied by the RRSC (Echo J.K. Huang and Chin Kun Tu, 1990). 
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Advantages: 
• no conventional NOx pollution; 
• no conventional waste-dissolute pollution — valuable metals are recovered to their 

oxides directly, without adding any neutralising agents; and 
• closed operating system, no environmental impact. 

Disadvantages: 

• complex technical operation relative to conventional continuous oxidation 
operation; and 

• difficulty in expanding to commercial scale due to its slow reaction rate. 

Apparently, a more cost-effective process has to be devised. Inspired by the use of-
cupric chloride (CuC12), which is used widely as an etching solution in PC board 
plants, the RRSC developed an alternative dissolution process — the cupric chloride 
dissolution process. 

Cupric chloride dissolution process 

Similar to the anodic dissolution process, this process has also been scaled up to 1/5 of 
commercial scale. It shows that 50kg (one batch) base metal (Cu-Zn alloy) is dissolved 
in 4 hrs and 1120g Pd is recovered. It is also applied to stripping valuable metals from 
plated plastic materials to recover ABS plastic. The pilot tests show that 30kg plated-
ABS waste plastic is stripped to clean plastic in 30 minutes; that is, one batch amounts 
to 1/10 commercial scale. The flowsheet for this dissolution process is depicted in 
Figure 32.2. 

Dissolution reaction mechanism: 

For description, copper-alloy metal is chosen to be the base metal, and M° represents 
the metal consisting in Cu-alloy, such as Ni, Zn, Cu. Then, the actual reactions are: 

Cu2 +Cu2->2Cu + (10) 
2NaOH + C l 2 -> 2Na + C10" + Cl" + H 20 (11) 

Copper is recovered by Zn scrap: 

Cu 2 + + Zn Q -»Cu+Zn 2 + (12) 
Zn 2 + + CO32" -> ZnCOs (adjusting pH) (13) 
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Cu + could be chlorination regenerated: 

2Cu + + Cl 2 ->2Cu 2 + + 2Cf (14) 

The off-gas in chlorination could be treated in scrubber 

2NaOH + C l 2 - > 2 N a + + C10~ + Cl~+ H 20 (15) 

Characteristics of this improved process could be described thus: 

Advantages: 

• no conventional NOx pollution; 
• closed operating system, all the dissolute is recycled; and 
• more easily operated and more practical due to fast reaction rate. 

Disadvantages: 

• more complete operation equipments is required; and 
• sludge containing Ni, Zn metals needs advanced treatment. 

In general, the results of the pilot test indicate this process is more practical and 
more easily extended to commercial scale. The RRSC will diffuse this technology to 
ndustry to elevate the quality of metals recycling work. 

Refining palladium to 99.95% by application of electrolysis and osmosis 

rhe amount of palladium recovered from electronic scrap is about 48,000 troy ounces per 
/ear in Taiwan. Since their grades are 98-99.5%, which cannot fulfil the required 
jrades of manufacturing industries, nearly all of it is exported to refineries in the 
Jnited States or Japan. The cost of refining is estimated to be 3% of palladium value, 
hat is, the amount of 1,440 troy ounces recovered palladium should be paid for by 
•efining. This section describes one of the refining processes — palladium refining via 
dectrolysis, followed by osmosis (ion exchange). 

Scale-up pilot tests have been conducted; the operational flowsheet is presented in 
7igure 32.3. Characteristics of operation include replacing conventional dissolving 
ising aqua regia with electrolytic dissolving. 

Reactions at the anode: 
Pd + 4HCl->PdCl42~ + 4 H + + 2e~ (16) 
(electrolyte) 
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Reactions at the cathode: 
2 H 2 0 + 2e~->H 2 + 20H" (17) 

To purify the products, a special electrolytic dissolution tank equipped with a mem
brane was designed to separate base metal ion from the solution containing PdCI42". 
Characteristics of operation include coupling cation exchange column with anion 
exchange column to complete purifying the diluted solution from the dissolution tank. 
The effluent contains Pd(NH3)4 2 +, which could be precipitated by adding HQ. 

P d ( N H 3 ) 4

2 + + 2HC1 -> Pd(NH 3)Cl 2 + 2NH4 + (16) 
^ignition 

Pd. (99.95%) 

Compared with the conventional purification process, the advantages are: 

• electrolytic dissolution process dramatically diminishes the air and water' 
pollution problem resulting from conventional processing; and 

• coupling two kinds of ion-exchange operations simplifies the purification process/ 
resulting in lower capital and lower operating costs. 

The refining process is the preliminary step to manufacturing electronic grade 
products. The RRSC will extend the development of refining precious metals 
technology. 

Participation process for manufacturing electronic grade powder 

The best way to enlarge this area is to strengthen the recycled material's market. 
Making use of secondary raw materials to manufacture high value products is crucial. In 
response to these requirements, the RRSC developed several key techniques for' 
producing electronic grade products. The first patent that the RRSC applied is the 
method of manufacturing silver powder. The main characteristics of this new method 
are: 

• it simplifies the current operating procedure, reduces the labour cost and equipment 
investments; 

• it mixes the reducing agent with surfactant during reducing process before being 
reacted with silver ammoniacal solution; 

• it yields a high recovery of uniform and fine particles of silver powder; and 
• apparent density locates between 3.07-4.2, and size distribution is 2-3.5,100%. 

This silver powder has been confirmed by the user and the RRSC will transfer this 
technology to the recycling industry. 
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FUTURE R&D TREND OF METAL RECYCLING IN TAIWAN 

In view of the annual increase of domestic metal scraps and the difficult situation in 
the recycling industry, the RRSC will conduct a follow-up project (sponsored by the 
Bureau of Industry). Its aims will be to enhance the activities of separating domestic 
metal scraps and assess the cost/benefit, of controlling pollution as well as constructing 
a systematic management program. This would start from the operation process, then 
flow to the executive department and management system. It will then conduct 
research on recycling plants in the metal scrap Industrial Zone and outside plants with 
processing ability to map out collection and handling of domestic metal scraps. 
Furthermore, the RRSC will establish or introduce a series of non-pollution resource 
recycling technologies. 

It will be a vital mission to manage resources of metal scraps at home and abroad, 
and to set up waste minimisation processes and recycling technology for the metal 
smelting industry. The final step is to program the domestic recycling industry in a well 
organised system of a 'Satellitic Centre' plant to accelerate the industry's development 
while maintaining a balance between environmental conservation and a prosperous 
economy. The aims, in brief, are: 

• to establish an ability to separate domestic scraps and make assessments on a 
practical economic scale; 

• plan systematically the resources management of domestic metal scraps; 
• set up waste minimisation in the metal recycling industry; 
• program a 'Satellitic Centre' recycling plant system; and 
• diffuse and demonstrate the developed resources recovery technology, and 

strengthen industrial services for the recycling industry. 

Table 32.1 Classification of mixed metal scrap 

Class Contents 

Automobile fragments, furniture, 
electricity metres. 

B1 

B2 

Comminutable electric wire and cable. 

Motors, compressors, plated metal, 
computer.PC board, communication 
instruments, electric cable containing 
insulating oil. 

B3 Capacitor containing diosin, plated 
plastic. 

'^2 'W 
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Figure 32.1 
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Anodic dissolution process flowsheet 
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Figure 32.2 Flowchart for recycling of electroplated plastic scrap 
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33 A Malaysian perspective 
HAMZAH BIN BAKAR 

ABSTRACT 

It is forecast that the Asia-Pacific region will enjoy strong economic growth 
well into the next century and that this will lead to similarly strong 
growth in demand for energy, including petroleum products. The market is 
also seeing a shift in product demand towards the lighter end of the barrel, 
particularly towards gasoline. 

The region's supply of crude oil is expected to decline. Imports of the 
heavier and high sulphur West Asian crudes will increase. At the same 
time, environmental considerations have pushed product specifications 
beyond the limits of some of the existing refineries. 

Under this scenario, in order to stay competitive and benefit from the 
growing market, players in the region have to invest in additional 
capacity, capacity that can handle the more plentiful crudes and that will 
cater for the shift in product slate as well as the more stringent product 
specifications. The problem is that almost all the players in the region 
seem to be either already adding capacity or planning to do so in the near 
future. Will there be a glut? To meet the new trends in the product 
specifications, refiners will have to incur costs. How soon will the 
individual markets in the region adopt these specifications? 

In view of these factors, investors in the refining business in Malaysia 
are looking at market security first. They plan their refineries to meet 
specific markets, namely, their own, rather than processing for third 
parties. Wherever practical they make their investments in steps, in order 
not to overinvest ahead of future product market specifications. 

The Asia-Pacific region is one of the most dynamic and fastest growing economies in the 
world. On the Western side, the impetus comes from the more mature 'tiger', Japan, and 
the younger 'tigers' of Korea, Taiwan, Hong Kong and Singapore, followed not far 
behind by the fast developing countries of Malaysia, Thailand and Indonesia. Vietnam 
is also fast moving in the same direction. On the eastern side of the region, we have the 
'western' economies of the West Coast of the United States, Alaska, Pacific Canada 
and the Pacific Latin American countries. In the south, Australia provides the centre of 
gravity, with New Zealand, Papua New Guinea and the Pacific Island nations playing 
important economic and political roles. Although these countries are at different stages 
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of economic growth and have different economic characteristics, their economies are 
fast growing and are showing potential for equally rapid growth at least over the next 
decade. 

ENERGY D E M A N D GROWTH 

Survey data gathered by the Asian Development Bank show that per capita energy 
consumption in the member countries in the region has been increasing and is expected to 
increase further as they increase their pace of development. This is supported by the 
close correlation between the levels of economic development the countries have 
attained and the levels of per capita energy consumption they have reached, as 
indicated in Figures 33.1 to 33.8. 

A closer examination of the characteristics of energy demand in the region will 
reveal that the key growth areas of primary energy demand are in electricity 
generation, transport and home fuel. Owing to the portable nature of oil, it has become 
the leading energy source in ADB member countries, accounting for 52 of the countries' -,-
(excluding China) energy consumption in 1987. Coal is the next in line, taking a 20% 
share, with natural gas and hydropower sharing the remainder. 

CHANGING CHARACTER OF ENERGY D E M A N D 

Developments of natural gas resources and the cost of pollution control associated with 
coal use will no doubt see more reductions in the use of coal and heavy fuel oil in favour 
of natural gas for power generation. There will also be a gradual but steady growth of 
LPG and natural gas share in the transport fuel sector. At the same time, the demand 
for home fuel in the form of electricity, LPG and kerosene will increase as the countries 
in the region modernise and urbanise and as income levels grow. However, the fastest 
growth will be seen in the demand for motor fuel, namely, motor gasoline and diesel. 
This is because of the expected rapid growth in industrial and trade activities as well 
as the improvements in the transportation infrastructure in the region. 

RESPONSE BY THE REFINING INDUSTRY 

Most of the oil refineries in this region were designed and built several decades ago 
when the crude oil source was predominantly from West Asia and the product demand 
was more for the heavier end of the barrel, namely, heavy fuel oil for power generation 
and bunker fuel. As product demand changes, and as more of the lighter and sweeter 
local crudes become available, these refineries had to make some modifications. 
Conversion units were added to whiten the barrel and new units were added or old units 
adapted to process lighter crudes. 

The surge in product demand and the increase in refining margins in this area had 
also encouraged the refiners to invest in new capacities to serve the regional market. 

At the same time governments and national oil companies in most of these countries '• 
saw that it would be to their long-term strategic interests to have sufficient refining •' 
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', • capacities within their own borders. This was reinforced further by the market 
/;' pressure arising from the removal of about 700,000 b /d of modern refining capacity from 

the market when Iraq invaded Kuwait on 2 August 1990. The Gulf crisis had prompted 
'.'< the market in Singapore to increase the refining fee to US$5 per barrel. 

As a result of the announced plans by the various governments and private interests 
:•:< to build new refineries, including those purely for the export market, there have been 

some uncertainties in the industry. In Malaysia alone we have heard of at least four 
new refineries with a total capacity of 400,000 b/d over and above the existing 214,000 
b /d capacity although current demand is less than 250,000 b /d . Thailand has 
announced that it will have two more refineries and Indonesia at least three more. 
Will this refinery building spree result in a regional capacity glut by the mid-1990s? 
How will the new capacities in the region fit with the post-deregulation refining 
industry in Japan? These are some of the questions that the refiners have to address 
before they make their business plans. 

MALAY SCENARIO 

Malaysia has four small refineries. Three of the these four refineries were built 
'.' several decades ago when the product demand and crude supply situation was very 
v much different from what it is today. Today, the whiter end of the barrel, in particular 

gasoline, is in much greater demand than the other fuels. In fact, fuel oil is facing the 
.'•; prospect of being almost totally displaced by natural gas from the middle of next year 

as a result of government policy to reduce the country's hitherto heavy reliance on oil. 
. With the completion of the second stage of the Peninsular Gas Utilisation Project in 

mid-1991, not only will the main power stations be converted from fuel oil to natural gas 
but the industries too will have the opportunity to switch from liquid petroleum fuels 
to natural gas. 

On the crude oil supply side, the government has also been actively encouraging the 
oil companies to process locally more of the 650,000 b/d current domestic production. 

Perhaps the most effective encouragement is in the form of a crude oil export duty of 
25% introduced in 1980. The oil companies responded promptly by modifying their 
refineries to process more of the local crudes. Because of this adaptation and the pre
war vintage of one of the refineries, the effective capacity has been reduced to about 
154,000 b /d from the original name-plate capacity of 214,000 b/d. 

Demand for petroleum products in Malaysia has been increasing at a rapid rate of 6-
8% per year. The rate is expected to be maintained, if not increased, over the next 
decade, the Gulf crisis notwithstanding. This is mainly because of the country's 
expected high economic growth rate of 7-9% over the period. In 1990 the GDP real 
growth rate is already well over 9%. For 1991, it is expected to be only slightly lower, 
but still within the 9% range. 

In response to the forecasted product demand, the oil companies, Esso, Shell and the 
national oil company, PETRONAS, added more gasoline production capacity to their 
existing refineries. Gasoline production capacity is now about 30,000 b /d , still 
insufficient compared to gasoline demand of about 65,000 b /d in 1989. The deficit is met 
from imports, mostly from Singapore. 
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Overall, the country is estimated to have consumed about 230,000 b /d of petroleum 

products in 1989 while its gross actual refining capacity is only about 154,000 b /d . If 
exported products such as naphtha are netted out, the real local refining capacity is 
only 130,000 b/d . There is, therefore, a shortfall of about 100,000 b / d of refining 
capacity in Malaysia, even today. Traditionally, Singapore has been filling most of 
this shortfall. However, lately, as the regional demand increased, partly because of 
the general economic growth and partly because of deregulation in Japan, demand for 
Singapore refining capacity increased dramatically, causing severe constraints and 
imposing high processing costs to the oil companies with a refining capacity deficit. 
Some of them had to resort to importing products directly from West Asia. 

In view of the situation described above, PETRONAS had decided to proceed with 
its much-debated refinery construction plan which was formulated way back in 1979-
80. Revisions had, of course, to be made to the original plan to take into account the 
developments that had taken place since then. One important consideration was the 
Malaysian government's encouragement for oil companies to process local crudes in the 
country. It was decided, therefore, that the refinery should have the capacity to 
process local crudes at a rate of 100,000 b /d . This size matches the 1995 forecast of 
PETRONAS's own refining capacity deficit and the expected life of Malaysia's known 
oil reserve. 

However, if the country's total refinery products requirement is taken into 
consideration, the capacity deficit would be greater. It was estimated that by the year 
2000 another refining unit of at least 100,000 b /d would be required. In view of limited 
local reserves, the new capacity would have to be designed to process imported crudes. 
In the meantime, PETRONAS also decided to diversify into oil trading, and trading 
flexibility requires access to refining capacity. Thus, investment in a refining capacity 
to process the widely available imported crudes fits well in the corporate plan of the 
national oil company. 

The bullish outlook in the refining industry in Malaysia and the region also 
encouraged other companies in the country to promote their own refinery projects. These 
projects have to be geared to process imported crudes for the export market because the 
promoters do not have access to either the local crudes supply or the local products 
market. At the last count, there are at least four such proposed projects. How many will 
actually proceed beyond conceptual design stage depends on the courage of the 
investors. 

DEVELOPMENTS IN THE REGIONAL PETROLEUM PRODUCTS 
MARKET 

In addition to the changing supply-demand and product slate scenarios, the refiners 
have to be mindful of the changing product specifications. If the specifications are not 
met, the refiners' market will surely shrink and eventually disappear. On the other 
hand, these higher specifications require increased investments. Hence, if the refiner 
aims to meet the specifications, he has to be sure of the time frame within which those 
specifications would be imposed by the consumers. Timing is critical because in the: 
generally low profitability environment of this industry, investing too far ahead of, 
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time can make a project non-viable; at the same time, being late in meeting the 
specifications may cost him the market. 

What we have in the region today is specifications uncertainty at two levels. On one 
level we have uncertainty as to when and what exact new specifications the West 
Coast of the United States will be adopting. The doubt arises because of two conflicting 
factors: the environmentalists and legislators are more inclined towards applying more 
stringent standards sooner, whereas the refiners are telling everybody that technically 
no refinery would be able to meet some of the more stringent specifications being 
considered. The other level of uncertainty is how fast the specifications would be 
adopted by the non-United States products markets in the region. We saw what 
actually happened in the case of unleaded gasoline: its sale was introduced in the 
United States in the early 1970s, but even today ASEAN countries still accept leaded 
gasoline. 

The long lead time of refinery investments tends to force the investors to play safe. 
."•; They would certainly take into account the expected future product specifications but 
'£,;. they would be willing to make pre-investments only to the extent necessary, for 
'.$ example, to make it easier to add new units or modify to meet product requirements in 
];/, the later years. A similar approach is taken with regard to refinery size. The new 
','? capacity would be sized to match firm market demand. Therefore, if their own 
;"•' requirement is too small to make the project economic, they would find partners not only 

to share the investment risk, but also to provide some degree of market security. 
,: The above partnership approach is the approach taken by PETRONAS in 
V implementing its second refinery project. The first unit of the refinery, a 100,000 b /d 
l( hydroskimming facility, is being implemented as a 100% PETRONAS owned refinery, 
- because PETRONAS has both the crude feed supply as well as the product market. The 

sour crude unit, however, is somewhat different. The cost is expected to be significantly 
higher. Most of the crude feed is still to be sourced as most of the product market is still 
to be secured. It is, therefore, prudent to share these risks: the investment risk, crude 
supply risk and product market risk. Having an experienced refinery owner-operator as 
a technical partner would also provide some assurances of technical prudence in the 
specific investment decisions referred to above. As such, PETRONAS decided to 
implement this part of the refinery project in joint venture with others, including 
companies with technical experience and secure products market. The partners have 
been chosen and the terms of the joint venture are being finalised for formal adoption. 

.SPIN-OFF ISSUES 

Environmental impact is a negative spin-off that is of concern to the countries where 
the new refineries are being built. The question being asked by the public is whether a 

' country should agree to host an export refinery when such refineries have been rejected 
"by their home governments because of pollution? No doubt, a host country can impose a 

host of environmental protection regulations; but accidents do happen and 
commercially motivated non-compliance may occur from time to time. The answer to 

' the above question probably lies somewhere between the country's need for product 
supply security and its willingness to set a limit to the number of refineries being 
hosted. 

W:WW. 
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On the product end, and perhaps on a more positive note, the new refineries and the 

new product specifications would help slow down urban pollution, particularly lead 
poisoning and the effects of aromatics in the air we breathe. The new specifications 
would also encourage the refiners to extract aromatics from the gasoline pool, thereby • 
offering to the local industry a new source of feedstock supply. It has the potential of 
widening the host country's industrial base. 

CONCLUSION 

There is no doubt that the rapid economic growth of the Asia-Pacific region will be 
able to support a healthy growth of the region's refining industry. However, potential 
investors need to be sure of their specific markets before making their final 
commitments in view of the apparent risk of over-supply and the high cost of 
investment. 

The uncertainty with regard to how and when the new product specifications will 
affect the individual refiners in the region will, obviously, vary in accordance with 
the market a refiner plans to serve. Nevertheless, the consumers should welcome the 
new standards as they will help in the common goal to reduce pollution. 
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Figure 33.1 Per capita energy consumption in selected ADB member 
countries (in oil equivalent kilograms, 1987) 
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Figure 33.2 Oil product consumption, United States 
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Figure 33.3 Oil product consumption, Japan 
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Figure 33.4 Oil product consumption, LDCs 
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Figure 33.5 Asia-Pacific crude production vs. export availability, 1977-2000 
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Figure 33.6 Refinery capacities and throughputs (million barrels per day) 
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Figure 33.7 Asian upgrading capacity — current, firmly planned by 1995, and possible 
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Figure 33.8 Asian product imbalance, 1990-2005 
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34 The outlook for Thailand's refinery 
development 
PRAJYA PHINYAWAT 

PETROLEUM PRODUCTS DEMAND 

Thailand's petroleum consumption increased 21.7% during the first nine months of 1990 
over 1989 figures, continuing the on-going rapid increases since 1987. Annual demand 
increase rate was 13.9% and 19.0% for 1988 and 1989 respectively, corresponding to GDP 
growth of 13.2% and 12.2%. 

Current petroleum products supply is about 481,000 bpd, of which 224,000 bpd or 47% 
comes from the local refineries and 161,000 bpd or about 33% (see Table 34.1). 

In the seventh National Development Plan for the period 1992-96, the National 
,;•;* Economics and Social Development Board (NESDB) has forecast a 9% average GDP 
'•';£\ growth rate assuming crude oil prices range between 18-28 USD/BBL. Oil demand 
';rU excluding natural gas has been projected to increase at an average annual growth rate of 
'pi 7.3% for the same period to 641,00 bpd in 1996. Although the situation in the Middle 
•j,' East will slow down business activities and new investments, projections still show 
' moderate increases in GDP of around 6.5% assuming a crude oil price of 30 USD/BBL. 
« High speed diesel and gasoline are expected to continue to grow strongly as 
; . transportation of agricultural and industrial products will increase along with the 

•>,', economy. With the completion of new natural gas development projects and the new 
';'. proposal to lower the tariff on imported coal and lignite from 25% to 10%, fuel oil, 

which is mainly consumed by the power sector and some industries, will not present a 
major increase as in previous years. 

THAILAND REFINERY CAPACITY 

Current capacity 

Total current refining capacity is about 240,000 bpd. The semi state-owned Thaioil 
. refinery has the biggest capacity of 107,000 bpd while the 100% state-owned Bangchak 

,',' Petroleum Refinery has a capacity of 65,000 bpd. The Esso refinery, the only totally 
:.••;.' privately-owned refinery, has a capacity of about 681,000 bpd. The Thaioil and Esso 
• ^ refineries are situated at Sriracha, about 12 kilometres east of Bangkok, where the 
.'.;: Laem Chabang deep-sea port and industrial estate are being developed, while the 
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Bangchak refinery is in Bangkok. Also, Thailand currently-has three gas separation 
plants producing LPG and propane at a capacity of 820,000 ton per year and also 
producing ethane for petrochemical plants at a capacity of 86,800 ton per year. 

As current refinery production capacities are short of products demand, expansion * 
projects are being taken by the Bangchak and Thaioil refineries. The Bangchak 
refinery will increase the distillation capacity from 6,000 bpd to 105,000 bpd with a 
14,000 bpd residue cracker scheduled for completion in 1992. Thaioil's 100,000 bpd 
additional distillation capacity will also be finished in 1992. With the new capacity • 
installed in 1992, total domestic production of 344 KBD will be about 63% of projected 
demand in 1993. 

New projects 

With a more liberal policy regarding the set-up of the new refineries and expansion of 
existing refineries, three more major projects have been approved or are in the process of 
approval by the National Energy Policy Committee. By the year 2000 there will be 
additional refining capacity of about 373,000 bpd. Two new grass root refineries 
proposed by Shell and Caltex were recently approved. The Shell refinery, which will 
be built in Rayong, will have a capacity of 140,000 bpd and is scheduled for completion 
in 1994. 

Caltex's proposal also wanted to locate the new 120,000 bpd refinery in the Eastern 
Seaboard Area and is scheduled to start operations in 1995. In addition to the two new 
refineries, the Esso refinery in Sriracha is about to be approved for expansion of 
another 117,000 bpd. Nevertheless, with the low crude oil price scenario, refining 
capacity will still not be enough to meet the demand for oil products. By the year 2000 
additional capacity of 100-150,000 bpd could be added. 

Government policies 

The government has established new policies to promote more competition in oil retail 
marketing and refinery upstream. The objective is to float the retail prices of oil 
products which are presently controlled by the government. Changes are being made to 
old regulations and procedures to allow easier and less costly set-up of service stations. 
The policy on local refining capacity has been changed from the one that keeps the 
refining capacity below demand allowing for import of products to one that encourages 
surplus capacity for export. 

Under the government policy of trying to promote Southern Thailand, a Southern 
Seaboard Development Project was set up. A key element of the project is to build a 
landbridge across the peninsular between terminals in the vicinity of Krabi on the west 
coast and Khanom on the east coast consisting of crude product oil pipelines and other 
infrastructures. Deep-sea ports will be built at the two terminals. The pipeline is 
proposed as an alternative routing for the movement of oil from the Middle East to 
markets in the Far East and Thailand. An export-oriented refinery in the area is being 
promoted with Kuwait and other interested Gulf countries. A natural gas pipeline from 
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the production plant in the Gulf to the east coast terminal will be built, and other 
natural-gas related projects are being studied. 

CONCLUSIONS 

Thailand is expected to have medium to strong growth with an annual growth rate of 
6.5-9.0% during the next ten years. Oil consumption will continue to rise in line with 
economic growth. 

The Thai government, anticipating such growth, has approved refinery expansions 
and new grass-root refineries to help ease the high import volume. However, without 
considering the possibilities of products export, additional refining capacity of 100,000 
bpd minimum for domestic consumption could be needed by the year 2000. With the new 
government policy to liberalise oil trading and the refining industry, investors will be 
able to plan and make decisions on their investments more readily, based on market and 
economic conditions, with minimal government involvement. 

Table 34.1 Source of petroleum products supply, 
January-September 1990 

bpd % 

Refineries 224.000 

Gas separation plants 16.000 

Imports 161.000 

Sub-total 401.000 

Natural gas (FOE) 80.000 

Total 481.000 

Table 34.2 Thai product demand forecast 

1990 1995 2000 

Light 96,000 142,300 194,900 

Middle 215,000 344,700 483,900 

Heavy 93,700 115,800 201,600 

Total 406.400 602,800 880,400 
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Oil and gas demand-supply, Thailand, January - September (thousand 
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Figure 34.3 Thai product demand forecast (thousand barrels per day) 
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35 Options for the Japanese oil 
industry: domestic refining and 
imported petroleum 
K A Z U H I R O MATSUSHITA 

INCREASE I N IMPORTED PETROLEUM 

The ratio of imported petroleum products to total petroleum supply in Japan is now 
about 25%. The ratio was about 10-15% before 1986 when the import of gasoline and 
middle distillates began. Since then the Japanese oil market has become more 
influenced by the supply and demand of petroleum products in the Pacific region in • 
terms of both volume and price. 

Imported petroleum increased mostly for middle distillates such as kerosene and gas 
oil. Kerosene, in particular, is a highly important material for heating during winter 
in Japan, so the supply and demand balance of petroleum products in the Pacific region, 
especially of middle distillates, greatly concerns the Japanese oil industry. 

The demand for petroleum, especially middle distillates, has been showing a big 
increase in the Southeast Asian countries, so the supply of middle distillates has 
become very tight, causing a price hike in the market. The Japanese oil industry has 
thus had to import middle distillates in order to meet a steadily growing domestic 
demand and is therefore obliged to pay high prices. 

Because the domestic market price for middle distillates is not high enough to cover 
the expensive petroleum imports, the Japanese oil industry has been suffering from a 
large deficit in this area. 

Since the demand for petroleum in the Pacific region is expected to increase further, 
the Japanese are very much concerned about the future supply and demand picture 
emerging for the region. 

FUTURE SUPPLY A N D D E M A N D BALANCE IN THE PACIFIC 
REGION 

Since it is very important to clearly assess the future supply and demand picture, the . 
Japanese government and industry is keen to develop policies and strategies for the ' 
future. With this in mind they set up a joint study group in 1990 and undertook a study, 
with 1995 as the targeted year. 

The study concluded that: 
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• During the period from 1988 to 1995, demand will grow at an annual average rate of 
3.7%, reaching 15.8MMBD in 1995 from 12.21MMBD in 1988. 

• Topping capacity will increase from 16.00MMBD in 1988 to 17.8MMBD in 1995, 
with an annual average rate of increase of 1.5%. 

• Demand in 1995 will increase by 3.6MMBD from the 1988 level at an annual 
average rate of 3.7%, whereas topper capacity, though some additions are planned, 
will increase by only 1.8MMBD at an annual average rate of 1.5%. The conclusion is, 
therefore, that the supply and demand balance in the region will become tighter 
and imported petroleum from other regions such as the Middle East will have to 
increase. It is also predicted that construction of secondary units such as cracking 
facilities will be unable to catch up with the expected trend in demand towards 
whiter products, and there will therefore be a shortage of white products as well as 
a surplus of residual oils. 

JAPAN'S OPTIONS FOR THE FUTURE 

Before the Iraqi invasion of Kuwait, there was consensus in Japan that the supply and 
demand balance in the Pacific region would become tight in the future. The Iraqi 
problem will have a big impact on the demand and supply of petroleum in the region 
and there are many uncertainties ahead, but if the problem is resolved, the situation 
should return to normal. 

The developments since the Iraqi invasion offer the valuable lesson that 
dependency on imported petroleum is vulnerable in terms of both security and cost of 
supply. Since the invasion of Kuwait, supply of both crude oil and petroleum products 
from Iraq and Kuwait has stopped. The shortage of crude has been somewhat covered 
by the supply from alternate crude sources such as Saudi Arabia, but there were no 
alternate sources to make up for the shortage caused by the suspension of exported 
products from Kuwait. Subsequently, the product market in the Asian region became 
extremely tight, causing a much higher price hike for products, especially middle 
distillates, than for crude oils. 

The Japanese oil industry has been coping with the situation by increasing crude 
throughput in domestic refineries, but obviously there are limits to dealing with the 
issue in this way, because existing refining capacity is also limited. Therefore, the 
Japanese oil industry is still importing products, and suffering a considerable loss. 

The Iraqi dispute has shown that the product market is more unstable as compared 
with the crude market and that domestic refining is more secure in terms of both supply 
and price. In the 1980s in Japan it was the government's policy and the oil industry's 
strategy to reduce refining capacity as much as possible in order to streamline 
operations. 

In today's world of growing interdependence among countries, especially in the 
Pacific region, it is important to realise an optimum supply balance, not for a single 
country but for the total region. For Japan, therefore, the best combination of domestic 
refining and imported petroleum products should be pursued. 

However, given that the supply and demand balance in the Pacific region is 
expected to become tighter in the future, we need to review current policy and strategy 
and start working to increase domestic refining capacity in Japan. 
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36 Mineral economics education and 
the Asia-Pacific region* 
JOHN J. SCHANZ, JR. 
AND 
JOHN E. TTLTON 

Mineral economics is an interdisciplinary field that encompasses economics and related 
fields of business as well as geology, mining engineering, and the other technical 
disciplines of importance to the mineral industries. This combination of economic and 
technical expertise is useful for a variety of occupations in the mineral producing 
industries, manufacturing and other mineral using sectors, banking and other financial 
institutions, the consulting community, local and national governmental agencies, the 
United Nations and other international organisations, and, to a somewhat lesser 
extent, the academic community. 

It is our observation that many of the positions for which mineral economists are 
trained are filled by mining engineers or other technically trained individuals who 
have little or no formal education in economics or business, or alternatively, by MBAs or 
economists who do not adequately comprehend the technical considerations 
constraining the behaviour of mineral producers. Consequently, there is a widespread 
need throughout the world, including the mineral producing and consuming nations in 
the Asia-Pacific region, for more education in the field of mineral economics. 

Mineral economics, we should note, covers a wide range of issues and concerns. It is 
much more than just assessing whether a particular project is or is not economic. It 
encompasses how much and how best to tax mineral producing firms, the most 
appropriate pollution control policies, the relationship between overall economic 
growth and the demand for mineral products, the causes and consequences of mineral 
commodity market instability, possible procedures for stabilising government revenues 
and foreign exchange earnings from the mineral sector, and a host of other important 
issues for mineral producing firms and society at large. 

Mineral economists are expert in applying the broader field of economics to the 
extractive industries and the commodities they produce and market. This encompasses 

This paper draws heavily on John J. Schanz, Jr., 'Origins of the Species: Mineral Economists', 
Working Paper 90-13, Mineral Economics Department, Colorado School of Mines, 
November 1990. This latter study, copies of which are available from the Mineral Economics 
Department of the Colorado School of Mines, examines the evolution of mining and mineral 
economics, along with the kinds of subject matter offered and the areas of sub-specialisation 
now available. It includes an international listing of the universities offering courses and 
degrees, and the active educators in the field. 
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all of the depletable raw materials — energy, metals, and rock products. Interest 
extends from undiscovered resources — through exploration, development and 
extraction — and on to that point where the producing industry sells a product for 
consumption or use by other industries. 

Economists since Adam Smith have been interested in natural resources and, in 
particular, in their potential scarcity. However, in general, economic educators and 
researchers have seldom directed their theories and analytical methods towards the 
mineral resource industries. As a consequence, this task has often fallen to mineral 
specialists, many of whom have no fonftal training in economics. 

The first evidence of this goes back two centuries. At that time, mining engineers 
began to write books about the economics of mining. These efforts were quite narrow in 
content and specialised in purpose. In brief, they provided guidance on how to 
determine if a prospect would provide an economic return over its expected lifetime, 
how to design the mine to operate efficiently (that is, at lowest cost), and how to 
finance the venture. They also focused on various aspects of mine administration and 
management. 

Many university mining departments throughout the world still offer courses, 
usually taught by engineers, on these subjects. For mine managers who have not had the 
benefit of such training, there are a variety of programs, institutes and short courses 
available to remove this deficiency. The Colorado School of Mines, for example, has , 
two professors who devote much of their time to offering short courses of this type. 

These efforts, however, leave a broad array of economic questions about minerals 
unanswered. It is the role of the mineral economics discipline to address this need. Let 
us turn our attention to the development and nature of this field of endeavour. 

Mine managers and other mineral specialists have always expressed some scepticism 
about the relevance of economic theories to the day-to-day problems of the mineral 
industries. Even those who call themselves applied economists appear not to offer the 
desired level of specificity. Moreover, those in the mineral industries expect those . 
they work with to understand exploration, be aware of the risks and uncertainty in 
mining, and be knowledgeable about mineral technologies. They are not confident that 
economists can acquire these traits merely by doing some background reading. 

With this in mind, over the past half century several mining schools in the United 
States have developed formal programs in mineral economics. There is one 
undergraduate program, seven masters degree programs, and five doctoral programs. In 
addition, some departments at other universities permit wide latitude in course 
selection and the choice of a mineral economics topic for the doctoral dissertation. 
These multi-disciplinary degrees can be quite similar to those in mineral economics. All 
of these programs are located at schools also offering education in the earth sciences ' 
and mineral engineering. We are not considering here conventional economics 
departments, even though an individual professor or student might devote his 
attention to the mineral industries. 

Academic institutions with specific mineral economic departments or programs 
include the Colorado School of Mines, Michigan Technological University, Montana ' 
College of Mineral Science and Technology, Pennsylvania State University, University 
of Arizona, University of Texas at Austin, and West Virginia University. Outside the 
United States, individual courses are available but degree programs are scarce. -
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UNICAMP in Brazil has a masters program in mineral resource economics and 
management. The University of the Witwatersrand in the Republic of South Africa is 
developing a Mineral Economics Division within the Mining Department. A small 
mineral economics program exists at Macquarie University in Australia, and the 
Western Australian School of Mines iis planning a new program. Those interested solely 
in mining economics and management have some additional opportunities. 

These various programs differ in their curricula, and most have their own particular 
strengths. In all cases, however, students must have, or acquire, a strong background in 
the mineral sciences and technology. Many students enter these graduate programs 
with a prior degree and experience in such fields as geology, mining engineering, 
petroleum engineering or metallurgy. Students from business, economics, the liberal 
arts, and other fields must devote extra time learning the technical nuances of mineral 
resources and the industries that produce them. 

With this type of student, mineral economic programs concentrate on strengthening 
basic skills in economic theory and quantitative methods, and the application of these 
tools to the unique structure, attributes and behaviour of the mineral industries. In 
addition, students are provided with specialised training in areas in which they wish 
to concentrate, such as public policy analysis, exploration economics, cost engineering 
and project evaluation, commodity market analysis, mineral trade and economic 
development. 

While space does not permit an examination of all mineral economics programs, we 
would like to describe briefly the curriculum at the Colorado School of Mines, as we are 
most familiar with it, to illustrate a more or less typical mineral economics program. 
The CSM Mineral Economics Department offers both the MS and PhD degrees. Entering 
students are expected to have either formal training or experience in one or more of the 
technical fields associated with the mineral industries. In addition, undergraduate 
courses in calculus, microeconomics, macroeconomics, statistics and accounting are 
prerequisites, though students can make up any of these deficiencies after enroling in 
the department. 

Students pursuing the MS degree can do so either through our Executive Program, 
which is designed for the working professional and meets one full day a week over a 16-
month period, or through our regular graduate program. The academic requirements for 
both are similar. All MS students must take five core courses — advanced 
microeconomics, advanced macroeconomics, introduction to mineral economics, economic 
forecasting, and economic evaluation and investment decision methods. A student must 
then take three courses from one of five possible fields of specialisation — investment 
analysis and business decision-making, market analysis and forecasting, international 
trade and development, natural resource and environmental economics, and operations 
research and management. Students electing to write a MS thesis must take two 
additional courses; those selecting the non-thesis option must take a resource 
methodology course plus four additional courses. 

PhD students must take seven-core courses — those required of the MS students plus 
courses in management and econometrics. They must also fulfil the course requirements 
for two of the five fields of specialisation, and successfully pass preliminary and 
comprehensive examinations. Finally, under the guidance of a faculty adviser they 
prepare and defend a doctoral dissertation. 
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The time required to complete the MS degree is typically 18 to 24 months. For the 

PhD degree, three to four years beyond the BS degree is sufficient for able students 
working full time on their studies. 

Graduates of mineral economic programs at the Colorado School of Mines and 
elsewhere possess a unique combination of expertise in economics, business, and 
technology of particular relevance to the mineral industries. This mix of disciplines 
provides them with insights the conventionally trained economist, the MBA, the 
mining engineer, and the geologist often fail to perceive either because they lack the 
economic and business training or the technical training needed to understand fully the 
problems and challenges of the mineral industries. 

Mineral economics is a relatively small and young discipline. The first graduate , 
program began at the Pennsylvania State University in the 1940s. Since that time we 
estimate that over a thousand students have received MS and PhD degrees in this 
field. Some are in line or production jobs, many others fill staff positions providing 
market forecasts, project evaluations, and other economic advice. Investment analysis, 
securities appraisal and commodity trading have attracted a number of mineral 
economists in recent years. Many PhDs have pursued teaching or research at academic 
institutions, consulting firms, and government agencies. 

While mineral economics is likely to remain a relatively small and specialised . 
field, the growth of degree programs in the United States over the last 50 years is 
impressive. The pressing need now is for more programs outside the United States in the 
Asia-Pacific region as well as other major mineral producing and consuming areas. 

Not all countries, of course, have the interest or resources to engage in mineral 
economics education. Moreover, even in those that do, such programs take time to 
develop. In the meantime, students seeking training in this discipline will find they 
are welcome to enrol in established programs. Over a third of the 90 students currently 
pursuing graduate degrees in mineral economics at the Colorado School of Mines are 
from Asia, Latin America, the Middle East, Africa and Europe. 
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ABSTRACT 

In recent years, Japanese Official Development Assistance (ODA) has been 
rapidly increasing. Japan last year became the world's largest donor 
country, with ODA totalling $8.9 billion. Though Japanese ODA activities 

: are becoming increasingly globalised, the countries of the Asia-Pacific 
region remain its largest partners in terms of international economic 

• cooperation. 
Japan has given the energy sector priority in economic cooperation, with 

emphasis on electric power projects. This is based on Japan's achievement 
of rapid economic growth and its realisation that the supply of the electric 

: power is essential for economic development in developing countries. It 
leads directly to the improvement of living conditions and especially 
contributes to narrowing the economic gap between urban and rural 
populations. 

Japan's energy projects should be regarded as systems development 
projects. Cooperation to enhance administrative capability as well as 
develop human resources and technology in management, operation and 
maintenance areas, with the emphasis on soft aspects, is of central 
importance in the activities of the Japan International Cooperation Agency 
(JICA). 

JICA's activities in the minerals field are characterised by the 
provision of the lion's share of assistance to Asia and Latin America. 

With respect to future technical cooperation for the development of 
mineral resources, problems include coping with requests from developing 
countries for high level technology, strengthening of preliminary studies of 
projects and improvement of project management and follow-up services. 

The development of mineral resources and the transfer of technology in 
this field requires long-term work. Thus the networking of human resources 
between donor and recipient countries for the purposes of conducting long-
term technical cooperation effectively, as well as further strengthening 
mineral resources surveys executed by aid agencies, will demand the 
greatest amount of study in the future. 

Common understanding among countries of the importance of 
environmental protection needs to be created through continued dialogue on 
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appropriate policy. Environmental considerations are especially important 
in the field of energy and minerals. Japan is strengthening its cooperative 
efforts with others for the protection of tropical forests and the 
enhancement of institutional capacity to deal with environmental 
problems among developing countries. 

In the countries of the Asia-Pacific region, the level of consumption of 
energy, and fossil fuels in particular, and the goals of energy policy will 
have a significant impact on the global environmental scene. Therefore, 
Japan has been giving strong support to ESCAP's 'Energy and Environment' 
project, now underway in cooperation with IEA and UNEP. 

According to a study conducted by JICA, it is important in the Asia-
Pacific region to strengthen primary education as well as meet rapidly 
changing needs in the development of human resources in the private sector. 
The most important point is the dependence of success, in the development 
of human resources, training and technology transfer, on the incentives 
provided to students and workers. Incentives can be given through measures 
such as taxation policy and official qualification systems, but more 
basically they will depend on how much open and free competition exists in 
the economy. 

The 21st century has for some time been referred to as the 'Asia-Pacific Age '. The 
success of the first Ministerial Meeting on Asia-Pacific Economic Cooperation, which 
was held in Canberra last year, added momentum to the further development of 
cooperation in the region. 

The Asia-Pacific is, of course, the region with which Japan identifies itself most and 
with which it maintains the closest links in terms of geography, culture, history and 
economy. Japan has, therefore, been making particular efforts to increase its ODA 
(Official Development Assistance) to the developing countries in the region. The first 
Japanese ODA involved technical cooperation in Southeast Asian countries in 1954, 
when Japan joined the Colombo Plan. Ever since then, the Asia-Pacific region has been 
the major focus of Japan's ODA. 

In recent years, Japanese ODA has been rapidly increasing, and last year Japan 
became the world's largest donor country, with ODA reaching $8.9 billion. Though 
Japan's ODA activities are becoming increasingly more globalised, involving such 
regions as Sub-Saharan Africa and Latin America, the countries of the Asia-Pacific -
region still remain Japan's largest partners in terms of international economic •' 
cooperation. In fact, Japan's assistance to countries in the region now accounts for about 
60% of its total ODA. 

In Japanese economic cooperation activities, the Japan International Cooperation . 
Agency (JICA) is engaged in the execution of technical cooperation and grant financial 
assistance. This paper first examines Japan's cooperation with the Asia-Pacific 
countries in the minerals and energy fields, followed by discussion of environmental 
considerations. The paper concludes with some comments on the development of human 
resources in the fields of minerals and energy. 
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ENERGY 

Japan's energy cooperation accounts for about 20% of its total financial assistance. Japan 
has placed greater emphasis on this sector than have other donor countries, whose 
share of the energy sector is approximately 10% of their total ODA. The development 
of energy is regarded as the key factor for industrial development, and Japan has given 
special priority to the energy sector in assistance programs. 

The main feature of Japanese energy cooperation is the large number of electric power 
projects it involves. In the energy sector, electric power projects account for 
approximately 80% of ODA loans and 90% of grant financial assistance. This is more or 
less based on Japan's experience after World War II, when by promoting electric power 
projects using loans from the World Bank and thus securing a stable supply of electric 
power, Japan was able to achieve rapid economic growth. The emphasis on electric 
power projects in Japan's assistance programs is further based on Japanese thinking that 
the supply of electric power is essential for the economic development of developing 
countries and that such capability will lead directly to the improvement of living 
conditions and will contribute, in particular, to narrowing the economic gap between 
urban and rural areas. In recent years, mini-hydropower projects in the rural areas have 
been increasing in number through Japan's assistance. 

In terms of what JICA is doing in the energy field, the attached appendix shows that 
JICA's technical cooperation consists of 'receiving trainees in Japan', 'dispatch of 
experts and volunteers', 'development surveys' and 'project-type technical cooperation'. 

In the field of energy development survey, electric power projects share 
approximately 75% of the total. The recent trend in the developing countries of the 
Asia-Pacific region suggests that the construction of oil-fired electric power stations is 
rather limited because of the uncertainty surrounding supply of oil in the future, 
leading to an increase in coal-fired electric power projects. A large number of requests 
for Japanese assistance involve development surveys for coal-fired electric power 
projects, which require the transfer of high-level pollution control technology from 
Japan. Along with these hydroelectric power projects, requests for the survey of pumped 
storage power projects are also increasing. In any case, some countries are considering 
the construction of nuclear power stations. 

In addition to these large-scale power projects, the development of new and 
renewable energy sources such as solar energy, geothermal energy and biomass energy is 
increasing in importance, particularly for the island nations. Japanese cooperation in 
the acquisition of energy-saving technology will also become increasingly important. 

In my view, the present trend of development will require large-scale sophisticated 
technology. Moreover, environmental issues are closely related to this type of project. 
Under these circumstances, we have to consider energy projects as systems development 
projects. The developing countries in the region therefore require further improvement 
of administrative capacity for planning medium and long-term energy development 
programs and related legal systems as well as the development of human resources and 
technology for the management, operation and maintenance of energy facilities and the 
collection and analysis of related data. The implementation of policies for cooperation 
in utilising these software technologies will assume even greater importance among 
JICA's activities in the future. 



366 HUMAN RESOURCES AND TECHNOLOGY TRANSFERS 

MINERALS 

In the Asia-Pacific region, many countries are endowed with rich mineral resources. 
The development of mineral resources is important for the economic development of 
these countries as well as for securing a stable supply of these resources for the world 
economy. 

The development of mineral resources requires considerable time and an enormous 
amount of financial resources. Japan, which has a scarcity of natural resources, has been 
cooperating with resource-rich developing countries in strengthening capacity to 
develop such resources by promoting research and exploration, and developing human 
resources. The attached appendix lists JICA's recent projects in this field. 

Another characteristic of JICA's activities is that Asia and Latin America receive 
the lion's share of assistance. JICA's acceptance of trainees, dispatch of experts and 
survey missions to date shows a total share of 43% for Asia and about 36% for Latin 
America. 
JICA's project-type cooperation is conducted on the basis of a positive combination of 

three forms of cooperation: supply of equipment, dispatch of experts, and 
acceptance of overseas trainees. Most of the projects of this type in the field of 
minerals have been conducted only in Asia (4) and Latin America (12). These 
projects have made an important contribution to transfer of technology, promotion of 
research and development of human resources. The major areas for this type of 
cooperation are as follows: 

1 training of basic technology; 
2 development of mineral processing technology; 
3 research; and 
4 development of mine safety technology. 

As to future technical cooperation for the development of mineral resources, the 
problems to be faced are similar to those in energy and other fields; they include coping 
with requests from developing countries for high-level technology, strengthening of 
preliminary studies of projects and the improvement of project management as well as 
follow-up activities. However, I would say that there are two subjects of paramount 
importance to future technical cooperation in the field of minerals. As I stated earlier, 
the development of mineral resources and the transfer of technology in this field 
require considerable time. Therefore, the first important issue is the networking of 
human resources between donor and recipient countries so that long-term technical 
cooperation can be effectively conducted. For example, JICA has conducted various 
programs with the Secretariat of Energy, Mines and State Industry of Mexico (SEMIP) 
since 1963. 

The second issue is the further strengthening of surveys of mineral resources. Such 
resource surveys could be conducted by host countries or on a commercial basis. However, 
developing countries often lack the technology and financial resources to undertake 
these geological surveys. The further promotion of such surveys and the development of 
human resources in this field will lead to important technical cooperation by aid 
agencies in the future. 
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Having talked about technical forms of cooperation in the fields of energy and 
minerals, I would now like to touch on environmental aspects, which require the closest 
attention in developing these important resources. 

Development and environment are said to have a trade-off relationship. It is often 
difficult for developing countries to strengthen environmental measures without 

. sacrificing the pace of economic development. However, it should be possible to 
,.' achieve the first in developing countries and yet minimise environmental destruction 
^ and thus preserve the balance. After all, environmental considerations are 
|f indispensable in achieving sustainable economic development over the long term. 
']••' Environmental considerations are especially important in the fields of energy and 
iJ, minerals. Large development projects like the construction of hydro-dams causes 
f. ..environmental damage; the smoke from thermal power stations produces air pollution, 
., and mining projects are often responsible for air and water pollution. 

With an understanding of the importance of environmental protection in developing 
•, ; countries, Japan is increasingly cooperating to protect tropical forests and enhance 
V developing countries' institutional capacity to deal with environmental problems. At 

the G7 summit meeting last year, Japan announced that it will have spent ¥300 billion 
of ODA for environmental projects in the 3 years to 1992. 

The Japanese government dispatched a mission to formulate anti-air pollution 
, measures in Mexico City in May last year. It also sent similar missions to four ASEAN 
countries, namely Malaysia, Thailand, Indonesia and the Philippines with the 
purpose of cooperating with these governments to enhance their institutional 
capability to address environmental issues and to preserve natural resources. With the 
establishment of the Environment Research and Training Centre of Thailand, Japan 
will cooperate in institution-building and the training of personnel in Asian countries, 
especially in the realm of environmental monitoring. 

In recent years, global environmental problems have been taken seriously by the 
'/international community. Intergovernmental study is currently underway to formulate 
'measures against global warming, caused mainly by the consumption of fossil fuels. The 

'degree of energy consumption and the direction of energy policies among the countries in 
the Asia-Pacific region will have a significant impact on this global issue. Therefore, 

, Japan has been giving strong support to ESCAP's 'Energy and Environment' project. This 
.'.project is underway in cooperation with IE A, UNEP and other international 

organisations in order to estimate future consumption of fossil fuels and study the most 
appropriate policies to be. taken by countries in the region. ESCAP will soon distribute a 

, report on the subject, on the basis of which an ESCAP symposium will be held in Tokyo 
next month in which the energy policies of the member countries will be discussed. 

Environmental protection measures will prove costly. However, a common 
understanding of the importance of environmental protection needs to be established 
through increased policy discussion among countries concerned. This is especially 
mportant for energy and minerals development projects as they have a great impact on 
joth economic development and the environment. 
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DEVELOPMENT OF H U M A N RESOURCES 

Although the subject of this paper is limited to the development of human resources in 
the fields of energy and minerals, I would like to briefly mention some issues that need 
to be addressed by countries in the region for the development of human resources in . 
general. 

JICA's core activity has been the development of human resources. The Agency 
conducted a study on this subject in the Asia-Pacific region two years ago and found 
highly diversified human resources needs. The first finding was that primary 
education needs to be strengthened. The developing countries of the region have a 
relatively high level of primary education compared to other developing countries. 
However, there is still a high drop-out rate in primary schools and educational • 
equipment is lacking. The importance of basic education, however, has been recognised , 
for achieving vocational training. Countries like Thailand, with its rapidly growing 
economy, are again placing the emphasis on the primary education for this reason. Just. 
last month, JICA. dispatched a fact-finding mission to study education in Thailand. 

The second conclusion of the JICA report was that natural sciences faculties should be 
strengthened even more than the liberal arts faculties in higher education institutions. 

As regards vocational training, the report said that it was very important to meet 
the rapidly changing needs of human resources in the private sector. The countries of 
the region are achieving high rates of economic growth and private enterprises need 
better trained and skilled workers. Therefore, strengthening cooperation with private, 
companies for on-the-job training is becoming increasingly important in vocational 
training. 

After all, success in the development of human resources, training and technology;' 
transfer depends, the report concluded, on the incentives given to students and workers. 
'Incentives' is the key word for technological and economic development. Incentives can 
be given through measures such as taxation policy and official qualification systems,!, 
but more basically, they will depend on the extent of free and open competition existing 
in the economy. 

The NIEs and other countries in the Asia-Pacific region will continue to achieve, 
high economic growth, and the needs of human resources will be further diversified and 
increasingly sophisticated. Therefore, cooperation among all the developed and . 
developing countries in the region will be important for the development of human 
resources. At the Ministerial Meeting on Asia-Pacific Economic Cooperation held in 
Canberra last year, the Japanese Foreign Minister, Mr Nakayama, proposed the 
creation of a network for human resources development among all countries in the 
region. This idea, called the 'Asia-Pacific Multilateral Human Resources 
Development Initiative', is now being seriously discussed among the APEC member 
countries, focusing as it does on three projects: economic development, business 
management and industrial technology. 

In light of Japan's experience, human resources appear to be the most important 
resource for economic development. The Asia-Pacific region is one of the most 
economically dynamic regions in the world. JICA will make further efforts to promote ; 
technical cooperation with the developing countries in the region with the wish to 
further contribute to balanced economic development in the region. 
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APPENDIX: JICA'S ACTIVITIES FOR THE PECC MEMBER 
COUNTRIES IN THE FIELD OF MINERALS AND ENERGY 
(APRIL 1989-MAY 1990) 

Table A1 JICA's activities in the field of minerals by sector 

Experts 
Country Trainees Short- Long- Development Japanese 

term term Total team survey volunteers 
members dispatched 

Brunei 
China 15 19 13 32 65 1 
Indonesia 28 4 5 9 8 -
Korea 5 1 - 1 5 -
Malaysia 5 - - - 11 -
Philippines 9 - - - 9 -

; Singapore - - - - - -
Thailand 9 - 1 1 4 1 
Pacific Islands 1 - - - - -

-. (Hong Kong) - - - - - -
. (Mexico) 14 14 9 23 41 -

(Chile) 6 6 7 13 13 -
(Peru) 10 2 5 7 8 -

Table A2 JICA's activities in the field of energy by sector 

Experts 
Country Trainees Short- Long- Development Japanese 

term term Total team survey volunteers 
members dispatched 

Brunei . . 
China 10 - 2 2 8 -
Indonesia 23 6 11 17 62 -
Korea 4 2 - 2 - -
Malaysia 8 - - - - -
Philippines 22 - - - 51 -
Singapore 4 2 - 2 - -
Thailand 30 2 5 7 32 -
Pacific Islands 5 - - - 8 2 
(Hong Kong) 2 - - - - -
(Mexico) 13 4 1 5 - -
(Chile) - - - - - -
(Peru) 4 2 1 3 - -
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Group Training Courses in Japan 

Minerals 

Offshore Prospecting, Mining Engineering, Mine Safety, Mineral Processing and 
Metallurgy, Separation and Refinement of Unutilised Mineral Resources 

Energy 

Energy Management, Energy Conservation, Hydro-Electric Power Engineering, . 
Thermal-Electric Power Engineering, Coal-Fired Thermal Power Engineering, Nuclear 
Power Generation, Electric Power Management, Electric Power Distribution 
Engineering, Coal Science and Technology, Coal Mining and Preparation, Geothermal 
Energy, Nuclear Technology Seminar on Administration of Nuclear Safety 

Speciality of Experts (some examples) 

Minerals 

Mining Resources Development Policy, Mineral Processing, Mine Safety Evaluation of 
Coal Reserve, Computer Processing of Centralised Mining Data 

Energy 

Electric Power Development, Electric Power Distribution and Transmission, Engineering 
Operation, Maintenance of Power Plant Process, Management of Power Plant, Promotion 
of Energy Conservation Saving 

Development Survey 

This program is intended to offer consultancy services through the dispatch of teams in *, 
field surveys and office work for development plans and projects of a public nature in , 
developing countries. It also aims at providing local counterpart engineers with 
training opportunities through field surveys and/or activities in Japan including the 
analysis of data and information collected during the field survey and subsequent 
preparation of the report. 

Minerals 

China — Quality Control System Plan for Shenfu-Dongsheng Coal Field, Rare Metal 
Exploration Project; Indonesia —Mineral Exploration Project Malaysia Mineral 
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Exploration Project; Philippines — Mineral Exploration Project; Thailand — Mineral 
Exploration Project; Peru — Mineral Exploration Project; Chile — Investigation of 
Mineral Potential; Mexico — Modernisation Plan for the Beneficiation Plants of the 
CFM Mineral Exploration Project; Kiribati — Mineral Resources Exploration in South 
Pacific Offshore Area 

Energy: 

China — Ming Tombs Pumped Storage Power Development Project; Indonesia — Wampu 
Hydroelectric Power Development Project, Ayung Hydroelectric Power Development 
Project, Sipansihaporas Hydroelectric Power Development Project, Utilisation of 
Photovoltaic Hybrid System in Rural Areas, Beburung Hydroelectric Power 
Development Project, Kerinch Geothermal Development Project; Philippines — 

,.•; Kalayaan Pumped Storage Plant Development Project, Coal-Fired Thermal Electric 
"';,y Power Development Project, Angat Dam Rehabilitation Project, Binga Dam 
; rl/ Rehabilitation Project; Thailand — Lam Ta Khong Pumped Storage Project, Lignite 
;J Briquette Development Project, Nam Yuam River Basin Integrated Hydroelectric 
'•;.; Power Development Project; Malaysia — Lebir Dam Project 

V Project-Type Technical Cooperation 

"•'. This program provides integrated assistance from planning and implementation to 
evaluation by combining, three forms of cooperation: one, acceptance of trainees, two, 
dispatch of experts, and three, equipment grants. Under this program, various 
activities including development of, training in, and diffusion of the most suitable 
technology are carried out according to a planned program. 

Minerals 

China — China Mining Research Centre for Non-Ferrous Metals (Term of Cooperation: 
1987.3-1991.2); Korea — Improvement in Underground Working Environment of Mine 

' - Safety (Term of Cooperation: 1989.11-1993.11); Indonesia — Research & Development 
• ; of Indonesia Low Grade Nickel Laterites (Term of Cooperation: 1987.12-1991.12); Chile 
.; — Economic Geology Research Project at the University of Conception (Term of 

Cooperation: 1989.10-1994.9), Technical Cooperation on Mining Pollution Technology 
';., Project (Term of Cooperation: 1987.6-1991.5); Peru —Recovery of Valuable Minerals 

from Complex Oxide Ores (Term of Cooperation: 1983.7-1989.6); Mexico — Technical 
Cooperation on the Recovery of Valuable Minerals from Unutilised Pyrite-Rich 
Polymetalic Ores (Term of Cooperation: 1986.2-1990.2) 
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Energy 

Indonesia — Image Processing Laboratory for Oil and Gas Study (Term of Cooperation: 
1989.8-1993.8), Biomass Energy Research and Development Centre (Term of 
Cooperation: 1982.4-1986.10 — the mission for After Care was dispatched this fiscal 
year) 
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ABSTRACT 

The Energy and Resources Laboratories (ERL), under continual sponsorship 
by the Energy Commission, has devoted itself to energy technology 
research and development, and has realised great achievements in several 
areas. As the promotion of the domestic energy industry is one of its goals, 
technology transfer to the private sector is the key strategy towards its 
fulfilment. 

The ERL's R&D work can be divided into four areas: energy and 
environment, energy systems, thermal energy, and new energy. Several 
items of technology transfer are actively being conducted as a result of 
achievements in these four areas. These include an inverter type A/C 
controller, an all-electric melting glass furnace, a rotary de-humidifier 
system, an absorption heat pump, and a wind turbine. This paper discusses 
the ERL's experiences in promoting Taiwan's energy industry through 
technology transfer activities conducted over the last three years. 

BACKGROUND 
Current energy policy approved on 13 September 1984 is geared to: 

1 assure the stability of energy supply; 
2 accelerate the rationalisation of energy pricing; 
3 promote the effectiveness of energy utilisation; 
4 prevent energy-related environmental pollution; and 
5 enhance energy research and development. 

The Energy Commission in the Bureau of Economic Affairs provided an 'energy master 
plan' for Taiwan. According to this plan (1989-2000), it is necessary to continue R&D in 
energy conservation and new energy technology in order to promote the growth of 
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domestic energy science and technology. 

Since 98% of companies in Taiwan are small or medium-sized enterprises, it is very' 
difficult for them to undertake energy-related research by themselves, and thus the *" 
ERL has had to assume the role of the major research institute in energy-related R&D. . 

TECHNOLOGY ABILITY 

The ERL is one of the seven major organisations under the Industrial Technology 
Research Institute (ITRI), a non-profit organisation established as the centre for the 
advancement of industrial technology in Taiwan. As such, the ERL's activities focus on • 
the development and effective diffusion of energy, resources and environmental 
technologies for industry. 

Sponsored by the Energy R&D Foundation, energy-related technology development 
at the ERL represents the largest such effort in Taiwan. In the past few years, the ERL 
has established the following technologies. 

Energy and environment technology 

1 Fuels and combustion: 
• fuel conversion, 
• fuel utilisations, 
• fluidised bed combustion, 
• low pollutant emissions and advanced combustion, and 
• furnaces. 

2 Air pollution prevention and control technology: 
• stationary sources monitoring, 
• particulate flue gas removal, 
• acid flue gas removal, and 
• advanced air pollution prevention and control. 

3 Waste treatment technology: 
• industrial waste incineration, and 
• treatment technology of superfund site. 

4 Wastewater treatment technology: 
• advanced wastewater treatment, and 
• wastewater treatment technology applied to pig farming. 

Energy system technology 

1 Advanced power generating and energy storage technology: 
• fuel cells, 
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• battery energy storage, and 
• energy storage power plant systems. 

2 Power electronics technology: 
• inverter drive, 
• high efficiency lighting, 
• induction heating, and 
• power supply. 

3 Energy system application: 
• energy management, 
• drying, and 
• co-generation systems. 

Thermal energy technology 

'Jl 1 Air-conditioning technology: 
Y • indoor air quality, 
v • system energy efficiency, and 
i • non-electrical air-conditioning. 

• 2 Heat exchange technology: 
'•,•', • heat recovery, 
'-'.. • heating pipes, and 

• enhanced heat transfer. 

3 Refrigeration and cold storage technology: 
• frostless, 
• energy saving systems, and 
• low temperature technology. 

4 De-humidification technology: 
• absorption dehumidification, 
• liquid dessicant dehumidification, and 
• vapour compression cooling dehumidification. 

, /New energy technology 

1 Renewable energy technology: 
• solar dessication cooling, 
• thermalphilic anaerobic digestion, 
• bio-gas purification and application, and 
• development and application technology of hydrogen energy. 
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CURRENT TECHNOLOGY TRANSFER PRACTICES 

Usually, technology is transferred to private industry by three means: technology 
publication, technology conferences, and technology seminars. All these processes are 
conducted under the principle that they must be fair, open, timely and must maintain 
the natural balance of the market. 

The procedures for technology transfer consist of the following steps: 

Step 1 Information release 
Step 2 Company applies for transfer 
Step 3 Qualifications checked 
Step 4 Negotiation 
Step 5 Signing of contract and transfer of technology 

To promote the establishment of domestic energy science and technology, the ERL 
began to transfer energy-related technology in FY1988. During the past three years, 
the ERL thus successfully transferred 15 key technologies to 32 companies. (See Figure -
38.1 and Tables 38.1 and 38.2 for details.) 

THE RESULTS OF TECHNOLOGY TRANSFER 

It takes some for most companies to apply for the new technologies since the industry 
has no established hardware technology, most of the design capabilities are imported, , 
and the industry does not have sufficient technical education and training. Of the 
companies which had received the new technology, just 3% had promoted the new -
product in the market (see Table 38.3). It is noticeable that 25% of the companies held 
the technology but were waiting for someone else to move into the market first. In other 
words, they saw themselves as followers rather than pioneers. 

CONCLUSIONS 

Energy research and development is a major part of Taiwan's national energy policy. In 
order to assure adequate, efficient, economical energy for economic growth, research and 
development in energy technology needs to be strengthened, along with related 
technology transfer. In the past three years, the ERL has accomplished technology 
transfer to 32 enterprises. Technical education and training is found to be very 
important even after the technology transfer has taken place. Looking towards the 
future, the ERL will have to shorten the time lag between transfer of the technology 
and product promotion in the market. The ERL recognises that it is essential to fulfil 
the need for training, familiarise industry staff with the new technology and retrain 
and upgrade ERL staff. 



CURRENT TECHNOLOGY TRANSFER — TAIWAN 
Table 38.1 Items of technology transfer 

1 40kw wind turbine 

2 Design technology for high efficiency gas furnace 
3 Three phase rotor motor CAP software 
4 Zr02 oxygen detector 

5 Treatment technology for pig wastewater 

6 Controller algorithm of inverter-type A/C 

7 Design technology for rotary de-humidifier wheel 

8 Heat pump simulation software 

9 Design technology for heat pump water heater 

10 Bit-bus fore-end control software 
11 Air/gas valve 
12 Absorption heat pump 
13 Incinerator 
14 All-electric glass melting furnace 

15 Closed variable-volume icer 

Table 38.2 New technology transfer items in FY1991 

1 Battery energy storage operation simulation software 
2 Thermal syphon heat pipe 
3 Heat pipe heat exchanger 
4 Advanced solar energy water heater 
5 Air-conditioner water heater 

6 HAPIV(100RT) heat pump 
7 Auto-vent control design 
8 Continuous monitoring system 
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Table 38.3 The result of technology transfer 

Result Number of 
companies 

Percentage of 
companies 

1 Promotion of product in the market 1 3 

2 Production in progress 9 28 

3 Prototype underway 4 12.5 

4 Developing the required ability 6 19 

5 Just received the technology 4 12.5 

6 Waiting on the market window 8 25 

Total 32 100 

Figure 38.1 Technology transfer items and firms 

50 

40 

30 

20 

10 

0 

K&Sft&sfl Technology Items 
v/;;;///M Number of Firms 

1 2 
7ZZZZZL 

1988 89 '90 1991 
(Forecast) 

FISCAL YEAR 



39 Human resources development in 
the Asia-Pacific region 
JAMES F. MCDIVITT AND 
GAYE CHRISTOFFERSEN 

ABSTRACT 

Although information is available on training of professional staff for 
development of minerals and energy in the countries of the Asia-Pacific 
region, there is no thorough and systematic review of the present situation. 
This overview, based on existing information, shows that there has been 
impressive progress in recent decades, and that most but not all of the 
developing countries have adequate and in some cases very good facilities 
for training in areas related to minerals and energy, and can provide the 
bulk of their domestic needs, at least on the first degree level. 

Institutions are generally well equipped and staffed by qualified and 
well trained local specialists. There does not appear to be a need for 
programs of long-term experts and foreign fellowships which were common 
some 20 years ago, except in very specialised fields (such as use of satellite 
imagery in exploration and robotics in mining). This overview also covers 
the developed countries in the region where there are advanced programs 
which can meet most of these needs. 

The gaps in human resources development are mainly in the middle and 
high levels in universities, research institutes and the minerals industry. 

.;-.!. In some cases they can be dealt with through short-term in-service 
Ji' training, up-grading of staff, training in the use of new techniques and new 
'/equipment across the field. Many of these needs can be met by programs 
');') carried out in the region, in some cases on a regional level. 
•:,.''' Special attention is paid to these human resources (training) needs 
••''-; which can be met within the framework of the PECC-MEF. A number of 
;,' areas are highlighted including exchange of information, short-term 
•/.advisers, short courses and the development of inter-institute linkages 
'•••_) (such as twinning of institutions). An important element in any such 
: programs would be a plan or strategy for the region which could be 

established, promoted and coordinated by a body (such as a regional 
network) set up for this purpose within the structure of the PECC-MEF. 

A first step to be carried out prior to the setting up of any such 
coordinating mechanism would be to undertake a thorough survey and 
review of the situation in the region, to identify human resources needs and 
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capacities, and to outline the elements of a plan and program which could 
meet these needs. This is not a complex or costly operation, since in most 
cases information exists and needs only to be assembled and analysed. 

The Asia-Pacific region, as defined here, includes the countries which participate in 
the activities of the Pacific Economic Cooperation Conference. Essentially, this takes 
in the north Pacific Rim countries, China, and for some purposes neighbouring countries 
like India. 

In reviewing human resources development in the region the emphasis will be on 
identification of facilities and programs for higher education and research in areas 
which are of interest to the Minerals and Energy Forum, and will aim at pointing out 
the needs within the region and the facilities and programs which can help in meeting 
these needs, with support from the MEF. 

Initially, it should be noted that this is a large and prosperous region with a strong 
minerals and energy resource base. Traditions for regional cooperation are well 
developed, as evidenced by ASEAN and the activities of the PECC to date. A major 
positive factor is that the area of minerals and energy is of growing interest and 
economic importance and has an important regional dimension in which cooperative 
programs could make a significant contribution. 

Specialised training in minerals and energy fields has not been at the top of the list 
of priorities in most countries, and has only recently begun to be highlighted. However, 
basic engineering fields which are essential to the development of minerals and energy 
(civil, chemical, electrical, mechanical, and so on), have been well established, and 
these fields are well covered in most countries. 

Most training facilities in the developing countries of the region have been 
established or strengthened within the last thirty to forty years. In many cases they 
have had to be developed from scratch, since technical education was not emphasised 
in the region during the pre-development phase. Under these conditions there has been 
exceptional progress in most countries, and many high level universities and research 
institutions have been established. Initially, this was with support from various 
bilateral and multilateral assistance programs, but now it is mainly on a self-
sustaining basis. 

One result of this is that many of the institutions are new and modern and are 
extremely well equipped with up-to-date equipment and facilities. For example, the 
main technical institutions in South Korea, Taiwan and Singapore are recognised as 
being of high level, and those in other countries including Indonesia, Malaysia, 
Philippines and Thailand are also quite advanced. All of the countries in the region 
recognise the importance of technical education and training as an essential part of the 
development process. 

Technical training is carried out mainly in faculties of engineering at national or 
private universities, and in advanced technical schools or polytechnic institutes which 
give degrees or recognised diplomas. The training programs are often modelled on those 
of developed countries, and in the Asia-Pacific region a fairly standard pattern has 
evolved based on a combination of American, Australian and European systems, with 
emphasis on flexibility and adaptability. 
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With the great advances in the development of the mineral and energy resources of 

the region in recent decades, the need for improved programs and facilities to provide 
qualified personnel for industry as well as for advanced training and research has 
become apparent. Limited systematic review and analysis has been made of the 
present situation in the region, and most surveys which have been made are on the 
national level. A more detailed review would be useful at this stage to allow a 
thorough assessment of the human resources needs in the areas of minerals and energy, 
and the best way to meet them. Such a review should give special attention to 
activities which could be carried out on the regional level, which might fall within 
the purview of the Minerals and Energy Forum. This present summary is a first step in 
this direction, based on information which is available. As such it may raise more 
questions than it answers. However, having raised and given some attention to these 
questions, effective courses of action should become apparent. 

TRAINING A N D RESEARCH FACILITIES A N D PROGRAMS IN THE 
REGION 

A S E A N countries 

Brunei Darussalam is an important producer of petroleum and natural gas, but has not 
yet demonstrated much potential for other minerals. It has a very small population 
(less than 500,000) and one of the highest per capita incomes in the world. To now the 
training facilities in the country are limited, and most engineering and technology 
students are sent abroad for their degree programs. Steps are being taken to develop 
local programs, but it will be some time before these take root. Research within the 
country is limited. 

,,£'• Indonesia has a large number of technical institutions, several of which are at or near 
";; international standards, and some of which give training in mineral and energy fields. 
:'•',;. A recent (1988) survey by the Indonesian Mining Association identifies and lists these 
/,' institutions, the main examples being the Institut Teknologi Bandung, which gives 

. advanced (PhD level) training in most areas of mineral science and engineering, and 
,' Gadjah Mada University. Other schools have related programs, on which information 
/ is available. A survey has recently been completed on the human resources needs of the 

'}.;' expanding coal industry. Research is carried out at the universities, in institutions 
. within the Ministry of Mines and Energy, and under the Indonesian Institute of Sciences 

which has two mineral related research institutes. 

Malaysia, which has long been an important tin mining country, has developed 
extensive resources of oil and gas and other minerals such as copper and gold. The 
country has good general engineering schools and polytechnics which teach the 
geological sciences but until quite recently have not given degree programs in mineral 
and energy fields. Thus, to now, many Malaysian specialists have received training 
abroad. This is being changed with, for example, the development of facilities for 
mineral industry training at a branch of the University Sains Malaysia located in Ipoh 
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where it can take advantage of the facilities of the related government offices 
(Geological Survey and Inspectorate of Mines). Some research is carried out within the 
mining sections of the Ministry of Industry and by the major mining companies, the 
largest of which (Malaysia Mining Corporation) is a government corporation. 

The Philippines has an elaborate system of higher education with many engineering 
and technical institutes and faculties, only some of which are at an international 
standard. The engineering faculty of the University of the Philippines is the largest 
and best equipped. The long history of mining in the Philippines means that there is a 
large stock of well trained and experienced professionals, many with international and 
regional experience. The related government agencies within the Bureau of Mines and 
Geosciences have research laboratories and facilities, and some of the mining 
companies carry out research. 

Singapore has given much emphasis to technical education on both the university and 
polytechnic levels, and has good facilities and programs in general engineering fields. 
Since it does not have mineral production there are no special courses on minerals and 
energy production, but related engineering courses (such as chemical engineering for 
petroleum refining of civil engineering for earth moving) are available. 

Thailand has a number of quite advanced institutions, and a long history of higher 
education. Three universities (Chulalongkorn, Chieng Mai and Prince of Songkla) give 
training in mining and petroleum engineering. The Department of Mineral Resources 
and the Thai Institute for Scientific and Industrial Research have research facilities 
in addition to the major universities. Thailand hosts one of the major regional 
facilities, the Asian Institute of Technology, which carries out training and research in 
areas related to minerals and energy and has good facilities for organising special 
courses. 

Other Asian countries 

Myanmar (Burma) is a country in which minerals have played and will continue to 
play an important role. There is a clear need for support in upgrading and training 
national specialists to participate in this development. Burmese scientists and v 
engineers are highly regarded, and have received good training, but have had limited 
recent participation in regional affairs, and there appears to be a need for refresher 
and up-grading courses and for improved linkages. 

China has undertaken a remarkable program of human resources development, and has 
trained and employed technical and para- technical personnel on levels not thought 
possible. This has led to a system which is somewhat unique, involving ministry 
related institutions which carry out both training and research, often within rather 
narrow areas of specialisation (for example, gold mining or coal mining). An example is 
the University of Petroleum which has nine departments, twenty academic programs, 
and five affiliated institutes, and has graduated more than 24,000 engineers in 
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petroleum related fields. Further survey and analysis is necessary to assess the 
system, and to see how it can best be linked with other developments in the region. 
China (Taiwan) also has an advanced system of universities and research institutes, 
and should be included in any such regional survey. 

India must be included in any survey of the region both as an example of what has been 
done and as a possible resource in any cooperative programs. Training and research in 
minerals and energy fields is carried out at a large number of institutions throughout 
the country, and there is a large stock of highly qualified Indian scientists and 
engineers both in India and in other countries who are aware of development needs and 
interests. As an example, the Indian School of Mines in Dhanbad is a world-class 
institution which gives the full range of training on a level which could be of 
considerable interest to other countries. 

South Korea has high-level universities and research institutions which can meet most 
of the country's basic needs in mineral related fields. The research institutions in South 
Korea are particularly notable, as is the program which has been carried out to 
encourage Korean scientists and engineers working abroad to return to advanced 
institutes in their own country. Again, more detailed information on the Korean 
situation would be of value and interest in the regional context. 

Vapua New Guinea depends to a large degree on its mineral wealth to support its 
development effort. With this in mind, a program has been established at the 
Technical University in Lae in mining and related fields, and steps are currently being 
taken to expand and strengthen this facility. 

South Pacific countries look to their off-shore mineral resources as a source of potential 
wealth and have established a regional program (CCOP-SOPAC) designed to promote 
this which operates with UN and bilateral support. Training of local specialists to 
participate in these programs is a real need. Because of the unique characteristics and 
problems of the small island countries, this warrants and is receiving special attention, 

. with considerable support from New Zealand. 

Vietnam along with Cambodia and Laos are being integrated into the region, and are 
areas of special need, since the role which minerals can play in their development is 
not yet clear, and facilities for training are quite limited. For the near future it is 
ikely that they will have to rely on training and research facilities in the region or 
abroad for most of their needs. There are currently a number of assistance programs. 

Developed countries 

rhe PECC includes within its membership Australia, Canada, Japan, New Zealand 
ind the United States Each of these countries is contributing to the development of the 
Ttineral and energy resources, and participates in programs to strengthen training and 
research facilities and programs in the region. The institutional resources for this 
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within this group of developed countries is impressive and totally adequate to meel 
the needs. Structures for carrying out support programs exist on both the bilateral and 
multilateral levels. These will be strengthened with the establishment of the APEC 
which has identified the Asia-Pacific as a sub-region warranting special attention. 

In the field of minerals and energy Australia has a very strong national program in 
which a number of universities, state and national government agencies are involved, 
and has a very active program to support training and research in the Asia-Pacific 
region which is expected to continue. The CSIRO, which is a national body, plays a 
major role in the research effort. There is growing coordination within the Australian 
system designed to carry out programs in the region, as, for example, with the 
international activities of the Australian Mineral Foundation, and the Key Centre foi 
Mines at the University of New South Wales. These groups have close links with the-
Australian assistance program and with other funding groups such as the Asian , 
Development Bank. 

New Zealand has a more limited but well balanced program, in part because of its 
small population (about 3,000,000). It gives special attention to the needs of the South 
Pacific island countries and can be counted upon to provide assistance and support there/ 

The programs in Canada and the United States are quite well known. A significant 
percentage of the students from the region taking advanced degrees in fields related tc , 
minerals and energy do so in these countries with support from a wide variety oJ 
programs. In the United States more than 25 institutions offer degree programs ir 
mining fields (see Table 39.1), and many more in general engineering. Research 
iacilities on the university, federal, state and industry levels are among the best in the. 
world. The situation in Canada is somewhat similar. Because of the large numbers 
involved, both in students and in support programs, accurate records are difficult tc 
assemble and assess, and consideration might be given to doing this in order to evaluate 
the programs and their impact. 

As an illustration of the dimensions in question, the Colorado School of Mines, which- • 
is one of the institutions dedicated to the mineral industry, currently has some 15% oi 
its enrolment from abroad, and a total of 134 students from the Asia-Pacific region, or 
both the undergraduate and" postgraduate levels. Although most institutions do no-
operate at this scale, the number of students from the Asia-Pacific region coming tc 
Canada and the United States for advanced training is impressive. This should be 
looked upon as a transitional phase while national programs and facilities are being 
developed and strengthened. This being the case, a special effort should be made to tc 
assure that programs for these students are designed to serve the best interests of the 
countries of the region. 

The role of Japan in human resources development is not well publicised oi 
understood, and definitely warrants review. Japan is the major market for minerali 
and energy in the region, and Japanese companies are actively involved in theii 
development. Also, Japan has a large assistance program which sends expertj 
throughout the region and the world to assist in the location and development ot. 
mineral deposits, and an extensive training program has been developed at Japanese 
institutions for students from the developing countries. More information on these 
programs is needed before any balanced assessment of the resources for training and 
research within the region can be made. Japan is one of the leaders in tripartite , 
programs under which students from one country undertake training in a second countrj 
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with support from a third country (in this case Japan), and the potential for this type 
3f program is very great. 

Multilateral programs 

Vlultilateral training activities are for the most part carried out with support from 
nternational agencies such as the UNDP, Community of European Countries (CEO, 
:he Asian Development Bank or the World Bank. In most cases these are specific 
ictivities in a particular country, but some support for regional activities is also 
ivailable. Country projects have involved strengthening universities and research 
nstitutes through provision of experts, fellowships and equipment, and short and long 
erm courses. 

The bank support may be in the form of loans to develop facilities, as with the 
strengthening of the geological survey in Indonesia and the airborne geophysical 
survey project in Thailand (ADB), or for the development of mining in a particular 
irea. 

Programs carried out under the PECC-MEF could be considered as being multilateral 
f the funding passes through the PECC, or bilateral if the PECC-MEF serves in a 
:oordinating-advisory role. The second alternative would be preferable at this stage. 

\ R E A S OF MUTUAL INTEREST A N D POSSIBLE COOPERATION 

Summary of human resources needs in the Asia-Pacific region 

iuman resources needs related to minerals and energy can be considered on three main 
evels of expertise: technicians who work in plants and laboratories, first degree level 
jrofessionals who make up the bulk of the personnel working in industry and research 
nstitutes, and specialists with advanced degrees who serve in senior positions in 

, raining and research institutions. Facilities exist for providing basic training at each 
»f these levels in most of the Asia-Pacific countries, with the exceptions of Cambodia, 
.aos and Vietnam, the South Pacific island countries and to some extent Brunei and 
vdyanmar (Burma), and special programs can be set up to deal with each of these 
ituations. 

The main areas in which general gaps can be identified are: first, high-level 
raining for what might be termed the professional elite, the leaders in the 

. universities and research institutes; second, refresher and up-grading courses on all 
;,; hree levels; and third, specialised training in the use of new techniques and 
?.' Equipment. It should be noted that these same gaps can be identified in most 
':('• nstitutions in developed countries, but in these cases facilities exist at the senior 
';{.' nstitutions in the country or in adjacent countries for providing the special training. 
•y-', The same approach should be considered in the case of the Asia-Pacific countries. 

Training needs on all of these levels have changed considerably over recent decades. 
•! vlost countries now have the capacity to provide basic education (technical and first 
'•/ legree level). Today the needs are for the training at the postgraduate level and short 
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courses for retraining, up-grading and familiarisation with new technology and 
equipment for staff in industry, universities and research institutions. 

The UNDP projects which are designed to strengthen institutions in developing • 
countries usually provide: 

• expert or advisory services at the institution; 
• fellowships or training programs for local staff; and 
• equipment and supplies. 

These are the main areas in which support can be considered. 
Long-term advisory services (a year or more) are normally provided through large 

multi or bilateral assistance agencies (such as UNESCO or USAID) which have the , 
necessary recruiting, administrative and monitoring facilities. With the past success of ' 
these programs, this type of assistance is no longer so necessary, and growing attention 
is being paid to short-term assignments of, say, 1-10 weeks, which tend to combine the 
expert services and fellowship components. 

Under these conditions it is more efficient and effective to bring one or two highly 
qualified instructors to the country or region to give a short course which can be 
attended by a number of people rather than to send the students abroad on fellowships^, 
This approach covers much the same subject matter, but reaches a broader audience, 
and is carried under conditions where the instructors can give attention to the specific 
problems with which the trainees will work and can provide advice to the host 
institution. 

These relatively short programs could be handled within the PECC-MEF framework 
since they require a limited administrative structure beyond that which already, 
exists. They could be carried out under normal consultant contracts funded on existing 
bilateral programs as well as the semi-volunteer programs for retired professionals or 
staff on sabbatical or special leave which are available through a number of 
countries including Australia, Canada and the United States. These consultants are 
normally provided with travel costs and a small honorarium to cover out-of-pocket' 
expenses, with local travel and accommodation being provided by the host institution. 

A somewhat similar approach is the exchange or visiting professor program in 
which specialists, perhaps on sabbatical leave, spend some months assisting an 
institution in another country. Again, the host country expenses are usually covered by 
the host institution, and the external costs are limited. 

Not to be overlooked is the use of advisers from developing countries who have 
excellent technical background plus an awareness and understanding of the special 
problems which must be faced by other developing countries. Many countries (such as' 
China, India, Indonesia and Korea) make provision for this in their international 
programs, and it is an area in which the so-called tripartite or trilateral programs 
have a role to play. 

Another approach which could be considered in the Asia-Pacific region is twinning, 
of institutions both for research and training. This would involve identification of 
institutions with parallel interests, and establishing of semi-formal linkages between 
then which could involve exchange of students and/or staff, sharing of information,. v 

cooperative research projects, and cooperation in the full range of mineral industry 
training and research. For example, the Colorado School of Mines is very similar in ; 
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structure, program and objectives to the Indian School of Mines, and a link between the 
two institutions could be to their mutual benefit on many levels. 

Special research needs must be carefully defined and given priorities. Some research 
involves specific projects which relate to a particular country or mineral deposit which 
may require short-term advisory services; some projects can be dealt with within a 
regional program; and many identified problems may already have been dealt with in 
the research programs of other countries or regions. This highlights the need for 
improved awareness of and access to information, and there are many special programs 
which are designed to meet information needs once they have been identified. The 
training of information scientists to assist in this should not be overlooked. 

If the PECC-MEF were to serve as the focus for identification and coordination of 
such programs a useful initial step would be to carry out a survey of institutions and 
facilities in the region and to prepare a roster of lecturers from universities and 
research institutes throughout the region who could undertake short-term assignments 
in other countries. A program of one or two week courses could be set up with limited 
support from an assistance program or on a cost recovery basis in which the host 
institution covers travel, local costs and a small honorarium. Such courses are currently 
being offered by individuals and some institutions (such as the Australian Mineral 
Foundation) with good success but on a somewhat random basis. There would appear to 
be advantage to both the donors and the recipients if this were more systematic, and a 
regional mechanism for the identification, promotion and coordination of such 
programs under the PECC-MEF could make a valuable contribution. 

SUMMARY A N D AREAS FOR POSSIBLE FOLLOW-UP BY THE PECC-
MEF 

Most countries in the region appear to have good capacity for training on the 
undergraduate and in some cases on the postgraduate level, and for carrying out 
research designed to meet their basic needs. However, this conclusion is based on a 
rapid overview rather than on a detailed survey and analysis of the present situation. 
The first step in follow-up would be to carry out such a survey and analysis. 

Such a study should prepare country profiles and, where appropriate, institutional 
profiles (see attached appendix). It should take into consideration the various 
programs (projects) which exist or have been mentioned above, and provide current 
information on the main institutions in the Asia-Pacific region, their capacities and 
interests, including their interests in participating in cooperative programs within the 
PECC structure. It should also identify areas in which short and long-term training 
activities are needed, where these might be held, and where staff could be obtained. 

Based on the results of this initial survey, consideration should be given to 
establishing a regional mechanism, perhaps in the form of a network, to promote, 
coordinate, implement and monitor a program of activities designed to improve human 
resources development in the countries of the Asia-Pacific region. As noted above, such 
activities would include exchange of information, exchange of personnel, exchange of 
students, short courses, twinning of institutions, cooperative research, and the like. 
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What are the financial implications of such a proposal? The new costs would be 

nominal since many of the activities are already being carried out. A one-time cosl 
would cover the initial survey and development of a regional plan and program. Once 
the plan exists it should show that most of the costs of the recommended activities are 
already being covered within the present assistance programs. Bringing them undei 
the PECC-MEF umbrella would give them clearer direction, a more visible impact, and , 
where appropriate, would introduce the possibility of a regional dimension. 

Table 39.1 Minerals schools in the United States 

Geol. Geophys. Met. Min. Min.proc. Mining Mineral 
eng. eng. eng. eng. eng. eng. eco. 

Alabama X X 
Alaska (Fairbanks) X X X 
Arizona X X 
Arizona State X 
California (Berkeley) X X X 
California Poly. X 
Carnegie Mellon, PA X 
Case Western X 

Reserve, Ohio 
Colorado School of X X X X X X 

Mines 
Columbia X X 
Georgia Tech. X 
Idaho X X X 
Illinois X X 
Illinois Tech. X 
Iowa State X 
Kentucky X 
Lafayette X 
Michigan X 
Michigan Tech. X X X X 
Minnesota X X 
Mississippi X 
Missouri X X X 
Montana College of X X X 

Mineral S. & T. 
Nevada X X X 
New Mexico Inst, of X X X 

Mining & Tech. 
New Mexico State X 
North Dakota X 
Ohio State X X 
Pennsylvania State X X X X 
Pittsburgh X 
Princeton X 
Polytechnic (Brooklyn) X 
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Geol. Geophys. Met. Min. Mineral Mining Mineral 
eng. eng. eng. eng. process 

eng. 
eng. eco. 

3. Dakota School of X 
Mining & Tech. 

Southern Illinois 
Stevens Institute, New 

Jersey 
Tennessee 
Texas (El Paso) 
Texas A & M 
Jtah X 
Virginia Polytechnic 
Washington 
Washington State X 
Wayne State, Detroit 
West Virginia 
Wisconsin, Madison X 
Wisconsin, Platteville 
Wyoming 

X 
X 

X 
X 
X 

X 

X 

X 
X 
X 

X 
X 
X 
X 

Source: SME Guide to Mineral Schools, January 1990. 

APPENDIX: KOREA ENERGY ECONOMICS INSTITUTE 

Establishment 

The Korea Energy Economics Institute (KEEI) was established in September 1986 as an 
autonomous, government-funded research organisation. KEEI was formerly the Centre 
for Policy Analysis and Development of the Korea Institute of Energy and Resources, 
conducting economic studies to support the government in formulating national energy 
policies. With the increasing importance of energy in the national economy, the 
government upgraded the Centre to an independent government think-tank so as to 
perform comprehensive and rigorous studies on energy economics 

Major research activities of KEEI are: 

• collection, analysis and dissemination of domestic and foreign energy information; 
• forecast of mid-term and long-term energy demand and supply; and 
• assessment of energy policy effects and results. 

The ultimate aim of KEEI is to contribute to the development of the national 
economy through studies and research on energy economic issues which arise from the 
scarcity of indigenous energy resources and the uncertainty of world energy market. 



390 TRAINING AND TECHNOLOGY TRANSFERS 

Major functions 
• Analysis and evaluation of short and long-term strategies on energy and resources. 
• Participation in major energy policy formulation. 
• Analysis and survey of international energy market environment. 
• Provision of research service, consultation and training course to private energy 

industries. 
• Conduct of energy census and compilation of energy statistics. 
• Fundamental studies and research into resources and energy economics. 
• International cooperation with other energy related institutes and organisations. 

Status of research 

The Korea Energy Economics Institute has been conducting versatile studies of short and 
long-term strategy development on energy and resources. In order to cope with the 
fluctuating energy market situation higher priority is given to prompt understanding. 
and analysis of energy information. 

In the aspect of performing research projects, the Institute promotes a broad ' 
participation of energy related organisations and specialists in pursuit of reasonable 
policy alternatives appropriate to the national economy. 

The basic research fields of KEEI are: 
• energy conservation; 
• energy price, cost and taxes; 
• energy investment; 
• systematisation of energy data and information; and 
• research and development of basic forecasting models. 

1987 research projects 

Energy Information Analysis Management 
• Energy Market Information Analysis 
• Management of Energy Data Bank 
• Adjustment of Long-term Energy Strategies 

Energy Supply Policy 

• Analysis of World Oil Market 
• Medium-long Term Demand and Supply Planning 

of Electric Power 
• Development Promotion Strategies on New and 

Renewable Energy 

Rational Energy Use Policy 

• Energy-Economy Interactions 



HUMAN RESOURCES DEVELOPMENT 

• Energy Efficiency and Industrial Structure 
• Sample Survey of the Household Energy Consumption 

Mineral Resources Policy 

• Long-term Policies for Mineral Resources 
• Development Strategies for Overseas Resources 

Coal Policy 
• Rationalisation of Small and Medium Mining 

Industry 
• Research on the Overseas Anthracite Market 
• Labour Demand and Supply and Employment in Coal 

Mines 
• Use of Unemployed Labour in Coal Fields 
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If! 40 Summary of energy issues 
S i DENNIS J. O'BRIEN 

'':>'•• The MEF-4 occurred during a time when political instability in oil supply has returned 
to the Middle East. The consensus view of the experts present was that the current 

_':_.'„;; -i situation was less serious than previous supply interruptions and that supply, demand 
;..',>'.'I and price for crude oil and petroleum products would be volatile in the short run and 
; ;.;;" would only marginally affect the long-term outlook for energy in the region. 

5: SUMMARY 

;<vVj The energy situation in the Asia-Pacific region is characterised by tightness in supply 
'/•;,';; in petroleum products, crude production, electric power availability, and adequate 
,'k i surplus capacity in coal and natural gas. Most of the substitution applications for boiler 
•V;-y fuel have been maximised and there is little opportunity for substitution or switching 
; •••'. in the short run. 

If adequate research, development and investment are applied, liquid 
transportation fuels from coal and natural gas may appear in the market by the end of 
the decade. 

Oil exploration and production is critical for future growth in the region. Imports 
,,. •; from outside the region will continue to make up the deficit in demand by refiners and 
v end users in the region. The further exploration and development of crude oil — 
.( , especially sweet crudes — will help both the supply security and environmental 
•,;•'-;! requirements of the region. Efforts to improve the terms and the operating environment 

; will help. 
LNG provides a clean, environmentally desirable but capital-intensive source of 

i • energy for countries with adequate supply infrastructure and financial resources to 
V utilise gas in industry, power generation and town gas. 

The refining situation in the Asia-Pacific region will continue to be tight and will 
,.' require 30-40 billion dollars in investment to produce a balanced mix of 

environmentally acceptable products. 
Energy and environmental concerns will be affected by governmental actions and 

\\,.\. public policy as government and industry strive to balance economic growth, 
':.:-A, environment, and economic growth. 

i Japan will be an important key to the future flow of refined products in the region 
',',•'. since it is the only country with available excess refining capacity. Further utilisation 
. ':', of this refining capacity, which is determined by government policy, is critical for 
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future investment throughout the region. The further building of new refining capacity :, 
in Southeast Asia will help meet the demand requirements of North Asia as well. ; >''• 

Electric power will remain in tight supply in some of the countries of the region and ..,.: -
will require large investments from international banks, private, domestic and foreign ;;" 
investors, and government. Both the supply of electric power and transportation fuels >-'/.! ,, 
remain critical for continued economic growth in the region. ',,>' -

Human resources are also critical to the continued growth of the region as engineering -pi 
and construction of energy projects go forward. We sense that tightness in skilled and {v' 
trained professionals may continue and thus constrain the growth in supply of energy :'.J.,; * 
for further economic development. ";::.~ f 

Capital constraints are also a concern in the planning and construction of critical '".y 
projects which are necessary for future supply of energy. While supply constraint may -' 
appear in the above areas, coal and natural gas reserves remain in abundance. The :' • 
further development of clean coal technologies will maintain coal's share of the \ 
market and further enhance the quality of the environment in the region. The •;., 
availability of natural gas provides an opportunity to develop technologies which '•.. 
would enhance the supply of liquid transportation fuels, improve the environment, and J:--.. ' , 
reduce the tightness in the refining situation near or after the turn of the century. • "/•"",. 

Most importantly, energy prices are expected to remain volatile and acceptable in '„'.',-'•..,• 
the long term. These should provide the necessary incentives to continue investment for ',,, ' 
future energy supply and logistics. ; $•'• y . 

Market forces should continue to outweigh non-market factors — supply '̂v--',-" ' 
interruptions, environmental policy — in setting of energy prices in the long run. It is -:/ ' 
absolutely necessary, however, for MEF to establish a dialogue with member ;';j *', 
governments and regional organisations — especially APEC — in maintaining a spirit of ," 
cooperation in both energy trade and investment in the region. 
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Appendix 

Fourth PECC Minerals and Energy Forum Program 
Dallas 4-6 November 1990 

'i$l Sunday 4 November 

'0 11.00-4.00 Hunt Barbeque at Circle K Ranch 

• $ # 4.00-5.00 Registration 

•ly 5.00-7.00 Informal Session 
, % '•< Implications of Events in the Persian Gulf 

Chairman: Dr Dennis O'Brien 
Panelists: Mr Ryozo Hayashi, Japan 

•J Mr Bob Foster, Australia 

7.00-8.30 Informal Cocktail Reception 
:. Sponsored by ARCO International 

Monday 5 November 

> 8.30-9.00 Registration 

9.00-9.45 Opening Ceremonies 

General Chairman, US MEF Committee: Dr Dennis O'Brien 
*.., Vice Chairman of the US National Committee for PEC: Mr Ray Johnson 

Mr T. S. Ary, Director, US Bureau of Mines 
Dr James Brooks, President, Institute for the Study of Earth and Man, SMU 

, ;• Mr Thad Grundy, Jr, Deputy Assistant Secretary for International Affairs, 
"-:•• i U S D e p t of E n e r g y 

Dr Christopher Findlay, Coordinator, MEF 
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9.45-10.15 Events and Issues Since the Manila MEF 

Chairman: Dr Christopher Findlay, Coordinator, MEF 
Speaker: Dr Allen Clark, East-West Center, USA 

10.15-10.45 Break 

10.45-12.45 Plenary: Overview and Issues 

Chairman: Mr Thad Grundy, Deputy Assistant Secretary, International 
Affairs, US Department of Energy 

Speakers: Energy Issues: Dr Fereidun Fesharaki, East-West 
Center, USA 

Mr Ryozo Hayashi, MITI, Japan 

Minerals Issues: Dr Ian Gould, CRA Ltd, Australia 
Mr Andre Bourassa, Canada 

Papers Tabled: Mr Hong-Ting Yih, Chinese Taipei 
Mr Yet-Jen Chen, Chinese Taipei 
Dr Jui-Lin Chang, Chinese Taipei 
Mr Robert Myers, New Zealand 

12.45-2.00 Lunch 
Sponsored by Booz'Allen, Hamilton Inc. 

2.00-3.30 Concurrent Sessions 
A. Liquified Natural Gas - Fuel of the Future 

Chairman: Dr Lisa Totto, East-West Center, USA 
Panelists: Dr Wan Leong Fee, Malaysia 

Mr Bob Foster, Australia 
Mr Tadahiko Ohashi, Japan 

8. Changes in Minerals Policy and Legislation 
in the Asia-Pacific Region (continued in Session D on Tuesday) 

Chairman: Sir Russel Madigan, Australia 
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i Panelists: Dr Thomas Walde, United Nations 

Mr Douglas Ritchie, Australia 
\\ Mr Tom Waring, Australia 
' Mr Yosuke Suzuki, Japan 
• Mr Bill Searson, Pacific Islands (Papua New Guinea) 

3.30-4.00 Break 

i.00-5.30 Plenary Session 
Coal Consumption, the Environment and Alternative 
Sources of Energy 

>A':. ' 

Chairman: Dr A. J. Surjadi, CSIS, Indonesia 
Panelists: Dr Ray Hinchman, USA 

Dr Ian Gould, Australia 
Mr Wang Zhenwu, China 
Mr Akira Kinoshita, Japan 

I /$;j Dr Paul Parker, Australia 
".'';) Mr Chien-Jen Liu, Chinese Taipei 

3.30-8.00 Cocktail Reception at the Petroleum Club 
. ' Hosted by Booz • Allen, Hamilton Inc. 

V i.00 Dinner at the Petroleum Club 
> ' Hosted by Caltex Petroleum 

,.;'i Speaker: Mr Peter Schwartz, President, Global Business Network 

•;,'Tuesday 6 November 

vi;! j.30-10.30 Concurrent Sessions 

C. Fuel Switching and Energy Conservation 

; •;'.-, Chairman: Mr Tokio Kanoh, Tokyo Electric Power Co. Inc., Japan 
i'f~ I Report of the Specialist Group Meeting on Pacific 

:> Cooperation in Electricity Development: Professor Ray 
Meyer, New Zealand 

Panelists: Dr A. J. Surjadi, Indonesia 
'•'..: Dr Chi-Yuan Liang, Chinese Taipei 
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Mr Bob Foster, Australia /•' \-~-
Mr Mike Lawrence, Pacific Islands ./-
Dr Hsiang-Yun Arthur Kung, Chinese Taipei .,( 

D. Changes in Minerals Policy and Legislation ;,; 
in the Asia-Pacific Region: Country Studies 

' . " " • • ' • Chairman: Mr Wang Zhenwu, China Metallurgical Information Centre,- '_•_,! 
China • f •;. 

Panelists: Eng. Cesar Polo Robilliard, Peru ' > :r 

Sr Abdon Hernandez Esparza, Mexico ;'] 
Ms Veronica Montero Purviance, Chile ,_»• \. 
Mr Andrew McCallum, Australia :."••''•'; 

Comments: Dr Allen Clark, USA 'r'.' 
Dr Christopher Findlay, MEF •:." 

10.30-11.00 Break 

11.00-12.30 Concurrent Sessions 

E. Development of Trade in Processed Minerals Products \\'u 

Chairman: Dr I-Lin Cheng, President, '. 
China Steel Chemical Corporation, Chinese Taipei ;.:; 

Panelists: Dr Allen Clark, USA ,|;"; 
Professor Lu Qi, China :j 
Mr Yet-Jen Chen, Chinese Taipei 
Mr John Butterfield, Canada - •-• 

Papers Tabled: Dr Tei-Chih Cheau, Chinese Taipei ..;" 

F. Petroleum Refinery Issues in the Pacific 

Chairman: Dr Fereidun Fesharaki, Leader of the Energy Program 
East-West Center, USA 

Panelists: Mr Hamzah bin Bakar, Malaysia 
Dr Dennis O'Brien, USA 
Mr Kazuhiro Matsushita, Japan 

12.30-1.30 L u n c h 
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•1.30-3.00 Plenary Session 
Human Resources, Training and Technology Transfer 

Chairman: Dr Cielito Habito, NEDA, Philippines 
Panelists: Professor John Tilton, USA 

Mr Masao Kawai, Japan 
Dr James Gibbs, USA 
Mr Mark Fang, Chinese Taipei 
Dr Gaye Christoffersen, USA 

;:%3.00-3.30 Break 

'Z:t 3.30-5.30 Final Plenary Session 
:•© Summary Session Reports 

i 
Future Work Program 

' /.30 Dinner at Southern Methodist University 

' Wednesday 7 November 
. . ( ' , -t 

•'''"'! L 

, ? / (.30-10.00 MEF International Advisory Group Meeting 

7^ry^rs}Frw^:> ' V g ^ " 
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