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FOREWORD

This publication contains the reports and documents of the
Working Group Meeting on Energy Planning and Programming,
held at Bangkok from 15 to 21 August 1978 with the financial
support of the United Nations Development Programme to review
the priority needs of countries of the region in the field of energy
resources development, and of the fifth session of the Committee
on Natural Resources of the United Nations Economic and Social
Commission for Asia and the Pacific (ESCAP), held at Bangkok
from 31 October to 6 November 1978.

1t consists of two parts. Part one includes the report and
documents of the Working Group Meeting, subdivided into three
sections: the report of the meeting, working papers presented by the
secretariat, and information papers submitted by Governments and

other interested parties.

Part two includes the report and documents of the Committee

session, subdivided into three similar sections.

Owing to limitations of space and budget, it has not been

possible to reproduce all papers in full; some have been abridged.
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EXPLANATORY NOTES

The following symbols have been used:
A stroke (/) indicates a financial year: for example, 1971/72.

A hyphen (-) between dates representing years (1967-1972) signifies the full
period involved, including the beginning and end years,

The following abbreviations have been used:

AC alternating current

DC direct current

GDP  gross domestic product
GNP  gross national product

J joule — unit of energy
kcal kilocalorie equal to 4,187 J
kV kilovolt

kw kilowatt

kWh  kilowatt hour

LNG  liquefied natural gas
LPG liquefied petroleum gas
MW megawatt (million watts)
MVA megavolt-ampere

ton metric ton

tce tons of coal equivalent
(1 tce=7 X 10° kcal or 29.3 X 10° J)
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Part one

WORKING GROUP MEETING ON ENERGY PLANNING
AND PROGRAMMING



L. REPORT OF THE MEETING

ORGANIZATION OF THE MEETING

The Working Group Meeting on Energy Planning
and Programming was held at Bangkok, Thailand, from
15 to 21 August 1978.

Attendance

Participants attended from the following ESCAP
countries: Afghanistan, Australia, Bangladesh, India,
Indonesia, Iran, Malaysia, Pakistan, Philippines, Re-
public of Korea, Singapore, Sri Lanka, Thailand and
the Union of Soviet Socialist Republics. An observer
was present from the Federal Republic of Germany.
The following United Nations organizations and special-
ized agencies were also represented: the Centre for
Natural Resources, Energy and Transport (CNRET),
Department of International Economic and Social
Affairs, United Nations Headquarters; United Nations
Industrial Development Organization (UNIDO); United
Nations Development Programme (UNDP); United
Nations Environment Programme (UNEP); Food and
Agriculture Organization of the United Nations (FAO);
and United Nations Educational, Scientific and Cultural
Organization (UNESCO). The Asian Development
Bank, the Asian Institute of Technology, and the
East-West Resource Systems Institute of the East-West
Center were also represented.

Opening of the session

In his message, the Executive Secretary of ESCAP
stressed the importance of the meeting in terms of
reviewing the current and projected energy situations
of the developing countries of the region. The meeting
had the urgent task of identifying and classifying the
immediate and near-future problems of the countries
in the energy field, and the opportunities for co-opera-
tive action in dealing with those problems, and of
updating and re-defining the contribution which ESCAP
could best make towards technical assistance and
solutions. At the same time, appropriate contributions
by other parties could be outlined.

The Executive Secretary expressed the hope that
the recommendations arising from the meeting would
be clear and practical and would materially assist the
Committee on Natural Resources at its fifth session in
setting out the ESCAP programme for the period
1980-1981, and indicating the approach to be followed
for subsequent years.

He expressed his thanks to UNDP for the con-
tribution of funds to support the attendance of parti-
cipants from the developing countries.

The representative of UNDP noted the background
of the meeting as seen from the viewpoint of UNDP,
and, reiterating its desire to support a worth-while
regional energy project in line with the wishes of the
countries, expressed its good wishes for the meeting in
the deliberations on possible activities and priorities.
He also urged that the possibilities of inter-country
co-operation be fully explored.

Election of officers

The Working Group elected Mr. K. K. Y. W.
Perera, Sri Lanka, as Chairman. Mrs. Otima Bordia,
India, was elected Chairman of the Drafting Committee.
Adoption of the agenda

The following agenda was adopted:

1. Opening of the meeting

2. Election of officers

3. Adoption of the agenda

4. Energy resources in the region

5

Energy planning and programming: method-
ology of planning—assessment, development,
demand, supply (storage, where relevant, and
distribution), foreign trade, administration

(a) Problems in meeting energy requirements
(i) General '
(ii) Major consumer groups
(iii) Rural sector

(b) Measures to encourage efficiency and
economy

(¢) Institutional arrangements

(d) Additional requirements
6. Suggested action

(a) By countries individually

(b) By groups of countries

(c) Supporting action required from the inter-
national community for inter-country and
regional activities

7. Recommendations
8. Adoption of the report

9. Closure of the meeting
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ENERGY RESOURCES IN THE REGION

The meeting had before it a background paper,
document NR/WGMEPP/1, prepared by the secre-
tariat, which gave details of the different forms of
energy resources in each country of the region, as at
1?74, with notes on new resources which had been
discovered since that time. All resources were ex-
pressed in metric tons of equivalent coal, calculated
according to United Nations equivalencies. Official
figures as provided to the United Nations Statistical
Office were given for production of the different forms
of energy in each country from 1972 to 1977, and
consumption from 1972 to 1976, including fuelwood,
again using metric tons of equivalent coal. Net exports
or imports by country were given as the differences
between the totals of production and consumption,
neglecting bunkers and variations to stocks.

Graphs were given illustrating trends in production
and consumption of the different forms of energy during
the intervening period, and indicating the effects of the
large increase in the price of crude petroleum in
1973/74. For the region, the consumption of liquid
fuels tended to level off, while consumption of other
forms of energy tended to increase. Over-all pro-
duction tended to increase, apart from a temporary
reduction in the production of petroleum in 1975.

The Working Group noted with interest the in-
formation presented in the paper.

Several countries outlined major problems in the
assessment of resources owing to lack of field data,
and in the development of those resources owing to
the lack of sufficient numbers of professional staff
capable of making acceptable detailed feasibility studies;
and internal and external capital constraints. In some
countries the physical separation between resource areas
and demand areas posed a significant problem, one
outstanding case being Malaysia where the sea inter-
vened.

Attention was drawn to the need for international
co-operation to enable the hydroelectric resources of
international rivers to be developed.

There was general agreement on the need to relate
the various forms of energy resources to the regimen
of demands in an optimum manner, and that point
was extended to subregional groupings. The meeting
noted that electricity was now being exchanged between
the Lao People’s Democratic Republic and Thailand,
Thailand and Malaysia, and Malaysia and Singapore,
although the amounts were comparatively small. The
possibility of interconnexion between Sri Lanka and
India was mentioned.

It was hoped that increases in efficiency of utiliza-
tion of energy, and conservation of energy, would have
a significant effect on the availability of energy.

Of the non-commercial sources of energy, it was
difficult to see how the very considerable use of wood
as fuel could be controlled in the short term, but
attempts were being made to encourage more efficient
usage. The use of biogas, solar and wind energy was
increasing, but there was a need for additional research
and development and other measures to encourage
appropriate use of those resources. Some geothermal
resources not suitable for electricity generation could
be used for low-grade heating to reduce the use of
premium fuels.

ENERGY PLANNING AND PROGRAMMING

The Group considered two background papers,
document NR/WGMEPP/2, “Aspects of demand and
supply in the region™, prepared by the secretariat, and
document NR/WGMEPP/3, “An outline of major
issues”, prepared by Mr. M. K. Chatterjee, consultant
to the secretariat, together with the country papers
listed in annex L

In introducing his paper, Mr. Chatterjee emphasized
the importance of a dynamic approach to planning,
with continuing review in the light of changing cir-
cumstances and data availability. He suggested that
the end-use method of demand projection was generally
likely to be the most effective, with energy requirements
related to desired targets in various development sectors,
concentrating on the sectors or products involving the
highest energy demand. It would be helpful if agree-
ment could be reached on units to be used. Quite
apart from units as such, care was needed to ensure
the equivalence of alternative energy forms under
consideration, including the effects of location of supply
and use.

Adequate assessment of indigenous resources was
a basic requirement for sound energy planning. While
great importance should be attached to improving
efficiency, care was needed to ensure that measures
to achieve economy in energy use did not impede
desirable development. Suitable institutional arrange-
ments to ensure co-ordinated planning and management
were very important.

Against the background of their country papers,
the participants outlined the main features of the energy
situation in their countries. While there were consider-
able variations in the resource base and requireme_nts
in different countries, in many cases energy consumption
patterns were likely to involve a complex mix 9f
resources, both indigenous and imported, at least in
the short term. Continuing review would be called
for in response to changing availability, cost and
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potentia! use of various resources; flexibility was also
needed in response to changing strategies for develop-
ment generally.

While the emphasis in energy programmes and
related requirements thus varied from country to
country, and would change with time within most
countries, a number of issues likely to be of major
concern to many countries over the next few years
\lw)velre identified at the meeting. These are summarized

elow.

INSTITUTIONAL AND LEGAL. ARRANGEMENTS
AND POLICY FORMULATION

Energy was a basic factor in economic and social
development. Petroleum, which in recent times had
been the principal source of commercial energy for
most countries, had increased rapidly in price in recent
years and for many countries was a major component
in total imports. Furthermore, the availability of
petroleum over the operating life of new projects now
under development was subject to increasing uncertain-
ties, and further rises in price with increasing scarcity
could be expected.

Institutional and legal arrangements

There was therefore an urgent need for all coun-
tries, whether or not they currently had an adequate
indigenous energy supply, to adopt institutional and
legal arrangements which would ensure a co-ordinated
approach to energy policy formulation and planning,
and to implementation of programmes. The arrange-
ment should also ensure the integration of energy
planning and programming with planning and program-
ming for development generally. The type of institu-
tional arrangements to be adopted could be expected
to vary depending on circumstances in different coun-
tries, but in all cases should be aimed at providing
for the optimum use of resources in the short and
long term, in harmony with national development
objectives. In countries where there were several
ministries with major interests in the exploration, pro-
duction and use of energy resources, a committee or
council at the highest level of government was con-
sidered desirable, and should be established, where it
did not already exist, as a mechanism for co-ordination
at the highest level.

Particularly in the case of assignment of work to
the private sector, there was a need for institutional
and legal arrangements which ensured that while terms
and conditions were such as to attract the necessary
capital and technology, national interests in the use
and management of resources were safeguarded. In
addition to matters relating to the use of resources as
such, provision was needed to ensure satisfactory
arrangements in relation to the supply of data, enhance-
ment of social well-being, environmental protection etc.

National energy policy

Countries should adopt a broad statement of policy
as a framework for formulating and carrying out
energy programmes. In spite of the extreme variations
in the energy situations of countries in the region, it
was expected that in many cases policies might be
based on objectives along the following lines.

The over-all basic objective would be the timely
provision of energy in appropriate forms and quantities,
and at appropriate locations and prices, to enable
development goals to be achieved, including goals for
human well-being as well as for economic development.
At the same time there was an objective to strive for
self-sufficiency in energy supply. Within these broad
objectives the following subsidiary concerns might
commonly apply:

(a) The exploration and development of in-
digenous energy resources with a view to building up
reserves, reducing dependence on energy imports, parti-
cularly petroleum, and/or releasing premium fuels for
export;

(b) The systematic collection, analysis and pre-
sentation of data on resources production, distribution
and use of energy, including non-commercial forms of
energy, as an essential base for energy planning and
programming;

(¢) The promotion of efficiency and economy in
the production, distribution and use of energy, without
inhibiting desirable economic growth and human well-
being;

(d) The substitution of oil by other energy forms
in electricity generation and industry, and the allocation
of natural gas to premium uses, where feasible;

(e) The use of incentives and pricing as a tool
to support the policies outlined above;

(f) The adoption of measures to ensure that
energy programmes for the rural sector had a priority
which matched the emphasis that countries might
allocate to rural development, and were integrated with
such rural development programmes:

(g) The adoption of practices for project and
programme formulation and evaluation which gave due
weight to the social and environmental implications
of proposals;

(h) The education of the public in the importance
of energy as a basic element in development, and in
the need for care in its use and management, having
regard to the increasing difficulty and cost of providing
appropriate energy supplies;
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(i) Participation wherever possible in co-operative
international programmes of research and development,
and information exchange, with a view to widening
the energy base and encouraging more effective use
and management of energy.

PLANNING AND MANAGEMENT OF
ENERGY RESOURCES

Over-all energy planning was an extremely complex
matter. Difficulties were compounded by uncertainties
in the outlook for the supply of petroleum, the absence
of adequate information on indigenous resources in
the case of many countries, and uncertainties as to
the technical and economic feasibility of widespread
use of alternative energy resources such as solar energy.
Planning also involved a complex interaction between
various facets such as acquisition and analysis of data,
application of energy management techniques and
observation of their effects, and investigation of re-
application of energy management techniques and ob-
servation of their effects, and investigation of resources.
That in itself normally required extensive capital and
other inputs, and should be based on planned priorities
for resource use. Furthermore, there was often a wide
separation between sources of and demand for energy,
whether indigenous or imported. There were also
difficulties in determining equivalencies between diffe-
rent forms and grades of energy, which generally had
associated differences in flexibility and efficiency of use.
Within that broad range of issues a number of more
specific requirements were identified.

Required inputs for planning
(a) Energy data system

Adequate data on resources, production and con-
sumption were essential as a basis for sound energy
programmes. Data on consumption should facilitate
identification of the various uses of different forms of
energy used in various sectors, and enable determination
to be made of specific energy consumption for major
products. That might lead to the development of a
system of energy accounting in which energy budgets
could supplement financial budgets as an input to
decision-making on development programmes.

In many developing countries non-commercial
energy was of great importance, and could account for
up to about half the total energy consumption. It was
therefore important that more reliable data be obtained
on that form of energy use. Comprehensive data
collection on non-commercial energy was virtually
impossible, but it appeared that reasonable results
could be obtained from detailed data compilation from
a number of relatively small areas selected as repre-

_sentative of the over-all situation. The collection,

processing and presentation of data was a costly and
time-consuming process, and care was needed to ensure
that data systems served real needs, and avoided effort
on collection of data that had little practical value.

Countries should establish efficient and co-ordinated
systems for energy data where that had not already
been done.

It was noted that a variety of units and standards
for conversion were being used by international authori-
ties such as the United Nations, the World Energy
Conference and the Organisation for Economic Co-
operation and Development (OECD). The United
Nations and OECD were co-operating in endeavours
to find agreement on standard umits, and to improve
processes for the collection and presentation of energy
data. In 1967, ESCAP (then ECAFE) had issued a
publication entitled Comprehensive Energy Surveys —
An Outline of Procedure (E/CN.11/753), which had
been widely distributed. The use of the international
system of units (S.1.) was suggested.

Having regard to the recent increase in importance
of adequate data systems, and the advantages of com-
patibility for interchange of data, it was recommended
that the ESCAP secretariat, in consultation with coun-
tries and other international bodies, develop proposals
for the standardization of units and factors for con-
version between energy forms, and for formats for
presentation of energy data.

There was also a need for the development of a
standard approach to the assessment of reserves of
primary energy resources. Again it was recognized
that that matter was receiving a good deal of attention
in various international circles, and it was recommended
that it be included in the work of the secretariat
outlined above.

(b) Demard forecasting techniques

While adequate data on resources and past con-
sumption were essential for planning, there were still
great difficulties in demand forecasting except in the
short term. Because of recent drastic changes in the
energy supply situation for most countries, common
techniques for forecasting on the basis of past trends
were open to serious question. Some countries had
been able to make effective use of the general re-
lationship between energy consumption and economic
development with various techniques, including econo-
metric regression and end-use methods. In most
countries improved data systems were needed whatever
forecasting technique was used.



1. Report of the meeting

Planning and management

(a) Co-ordinated planning, including optimization of
resource use

Countries faced a variety of combinations of
problems, which commonly involved questions of com-
parison of alternative uses of various forms of energy.
For instance, a number of countries had useful resources
of natural gas, and had to determine its allocation
for such purposes as a fuel in an electricity-generating
plant, as a direct source of heat without the conversion
losses associated with electricity generation, or as
feedstock for petrochemical industries. Some countries
were looking to the import of coal as a substitute for
petroleum wherever possible, but, apart from questions
of plant modification, there were often major require-
ments for additional infrastructure in terms of handling
at ports, and between ports and the point of use,

Overall, there was a need for countries to develop
comprehensive plans for energy, in the short, medium
and long terms. Furthermore, having regard to the
dynamic situation involved, it was necessary to keep
such plans under continuing review in the light of
changing circimstances and improving data availability.

(b) Stimulation of efficiency in energy production
and use

While per capita use of energy in developing
countries of the region was generally far below that
in industrialized countries, experience in recent years
showed that there was still significant scope for savings
in energy consumption through improved efficiency,
and this was one of the most cost-effective ways of
improving energy availability. Priority in introducing
energy-saving techniques should be given to those sectors
and/or activities in which there appeared to be the
greatest potential. In many countries transport was a
heavy consumer of high-grade fuels, and offered con-
siderable scope for savings.

(c) Optimization of power systems, including reduction
of system losses

Many countries had developed, or were in the
process of developing, substantial electricity generation
and distribution systems. In many cases, the public
had come to expect a high degree of reliability, and
in order to achieve this reliability and at the same
time provide for unexpected outages and planned main-
tenance, spare generating capacity had to be provided.
Losses in transmission and distribution could also have
a serious effect on over-all system efficiency.

As the complexity of systems increased, including
different forms and locations of primary energy gene-
ration, there were increasing opportunities for achieving
high efficiency through system optimization. Some

countries were using complex mathematical models
for that purpose.

The Working Group noted and endorsed the
activity in the ESCAP programme for publication of
a study on the optimization of the utilization of
electricity-generating plants.

(d) Demand management

While it was important to provide the energy
necessary for development programmes and for the
desirable level of social well-being, it was also important
to avoid wasteful use of energy. In electricity systems,
considerable economies in capital requirements could
be achieved by demand management with a view to
improvement of system load factor and efficiency.
There was also considerable value in measures to shift
consumption from scarce and expensive energy forms
into those that were more readily provided. Pricing
policies could be a useful tool for various types of
demand management, such as encouraging industries
to stagger their working hours, Care was needed to
ensure that the total effect of any pricing policy was
compatible with the over-all objectives,

(e} Public education

Particularly in relation to efficiency and economy
in the use of energy, but also in relation to other
aspects of energy policy, the success achieved depended
to a considerable extent on public awareness and
acceptance of the importance of the issues involved.
Programmes should be developed for the inclusion of
appropriate material in school curricula as well as in
the public media.

INVESTIGATION AND DEVELOPMENT OF
RESOURCES — GENERAL

Investigation and assessment of resources

Programmes for resource evaluation were at the
same time an input to planning, and part of planned
programmes., Having regard to the urgent need for
reduction of dependence on oil, and for expansion of
energy supply generally, current levels of exploration
for indigenous energy resources were generally inade-
quate. Experience suggested that in cases in which
work was carried out by arrangements with the private
sector, care was needed to ensure that government
authorities would have appropriate access to all resultant
data. Whether programmes were carried out by con-
tract or by government services, there was in some
countries a need to strengthen capabilities for planning
and supervision of such work,

Project formulation

Many countries lacked the necessary technical and
financial resources for the detailed studies necessary
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for project formulation, with a view to seeking necessary
funds, and that was a factor impeding energy develop-
ment. While technical assistance would be valuable in
helping overcome that problem, it was important that
any such assistance be coupled with carefully planned
training in order to promote national self-sufficiency
as quickly as possible.

Apart from the question of available resources for
feasibility studies, attention was drawn to the problem
of selecting appropriate discount rates to reflect social
time preferences.

Besides economic factors, there was now a general
recognition of the need to give due consideration to
the social and environmental implications of develop-
ment projects, and energy projects were no exception.
Techniques for that purpose were inadequate. Since
issues of that type tended to be of greater consequence
in industrialized countries, it was recommended that
the ESCAP secretariat maintain an awareness of de-
velopments in that field, and bring significant matters
to the attention of countries in the region.

Funds for development

Energy development was capital-intensive, and,
having regard to the current inadequate level of energy
availability in many countries, serious problems were
envisaged in attracting the capital necessary for pro-
posed development programmes, particularly in relation
to competition with other urgent development needs.

Rural energy development

The provision of appropriate energy supplies in
rural areas involved particular problems, and in many
countries had a special priority as part of general rural
development programmes.

Experience showed that the provision of electricity
was an important factor in promoting human well-
being, not only through economic development asso-
ciated with pumping for irrigation or energy for rural
industries, but also such factors as adequate lighting
and power supply for educational and cultural activities,
and home crafts at night. However, load density in
rural electricity systems tended to be low. Peak loads
in rural distribution systems resulted in increased costs,
and in some cases could aggravate peaks in the system
generally. Hence the provision of electricity supplies
through conventional distribution systems were generally
not financially viable.

The largest domestic energy requirement was for
cooking, and in many instances traditional fuels were
wood, agricultural materials and dung. Combustion
efficiency was commonly very low, and there were
well-known disadvantages associated with the use of
those resources.

There were various possibilities for decentralized
energy systems in rural areas and others seemed likely
to be viable within the foreseeable future. Possibilities,
depending on circumstances, included small-scale local
hydroelectric or geothermal development, solar and
wind energy, energy plantations and biogas. These are
referred to more specifically below, but countries should,
within the framework of national energy programmes,
develop and implement programmes for the provision
of rural energy supplies, as far as possible through the
matching of local resource endowments and require-
ments.

SPECIFIC ENERGY RESOURCES AND
TECHNOLOGIES

Use of coal

It was expected that coal would be an increasingly
important component in the energy systems of many
countries. However, available resources were often of
relatively low grade, and there was widespread interest
in various forms of beneficiation to increase flexibility
in use, including use for domestic purposes. Potential
for conversion to gaseous or liquid fuels was also a
matter of great interest, In selected cases there was
scope for co-operative research and development and
more generally for information exchange.

Oil shale

A few countries were interested in the technologies
and economics of development of oil shale deposits,
either for production of high-grade fuels, or for direct
use in combustion.

Fuel for transport

In many countries a substantial proportion of total
petroleum consumption was used in transport. 'There
was widespread interest in the use of alternative fuels
such as LPG, natural gas or fuels synthesized from
it such as methanol, particularly where they were m
surplus supply, or liquid fuels converted from cellulosic
materials. There was an interest in technologies asso-
ciated with those fuels. Electric traction could also
be a suitable alternative in appropriate circumstances.

Geothermal energy

Within the region there was a wide range of
experience in exploration and development of geo-
thermal energy, and training courses in geothermal
energy were available in Japan and New Zealand, the
latter with financial support from UNDP. A number
of countries were at an early stage of assessment ?f
geothermal resources, and a sharing of experience In
the processes involved would be useful. That might
be achieved not only through formal training courses,
but also through exchange of personnel.
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Biomass

There was already some experience in the region
in various forms of harnessing biomass. This com-
monly took one of two forms—the production of
wood for direct combustion either as fuelwood or
charcoal, or conversion to liquid fuel. In the former
case there would be value in dissemination of informa-
tion on tree varieties, their habitat, characteristics and
expected performance in biomass production, together
with exchange of experience as that developed.

With regard to conversion to liquid fuels, there
was less experience available within the region in the
large-scale production of liquid fuels and in their use.

Biogas

There was extensive experience within the region,
but mainly with small plants which were too costly
for most individual households. The Group noted
that following a recent meeting on biogas development
convened by ESCAP, it was expected that a publication
on guidelines for biogas development would be issued
in 1979. However, a programme of co-operative re-
search and development was needed with a view to
a substantial reduction in the cost of small plants, and
the evolution of suitable management systems for larger
plants to serve rural communities,

Solar energy

The potential importance of solar energy for many
countries in the region was stressed. Solar drying was
already important for a variety of agricaltural products
but could be enhanced through the use of more efficient
devices currently available. More limited use was
being made of solar energy within the region for a
variety of other purposes, including desalination.

Having regard to the tropical and subtropical
climates over much of the region, and the wastage
of food for lack of suitable means of preservation,
there was an urgent need for further research and
development aimed at improving the viability of the
use of solar enmergy for cooling and refrigeration.
Economic conversion of solar energy for water pumping
would also make a great contribution to rural develop-
ment in the region, Households in relatively isolated
locations, where the cost of conventional electricity
supply was prohibitively high, would benefit greatly
from a reduction in the cost of photovoltaic cells which
would enable solar energy to meet minimum household
requirements at an acceptable cost.

The Group considered that increased efforts should
be made to enhance the viability of solar energy and
in particular recommended that a significant part of
the R and D effort of industrialized countries on solar
energy should be directed to the solution of those

problems which were of widespread concern to develop-
ing countries.

Having regard to the number of international
bodies now actively involved in programmes to enhance
the use of various forms of renewable energy, and
of solar energy in particular, the Group wurged the
bodies concerned to ensure the maximum possible
co-ordination of their activities.

Wind energy

Wind energy was used to a very limited extent in
a number of countries in the region, mainly for direct
work such as pumping water or grinding grain. There
were many forms of windmill, involving the use of
local skills and materials. Its use for electricity gene-
ration involved a number of special problems, and
was much more limited. The need for storage normally
associated with intermittent wind energy often added
considerably to the over-all cost of a wind-powered
water supply. Research and development were being
carried out in a number of countries, and should be
encouraged, together with information exchange.

Small-scale hydroelectric development

A number of countries were engaged in the deve-
lopment of small-scale hydroelectricity as a component
in rural energy development, frequently involving the
use of relatively simple construction technologies and
equipment, and local skills and materials. Small plants
were generally associated with high unit costs, and
special efforts were needed to achieve the desired quality
of service at an acceptable cost. This form of energy
production was attracting increasing interest, and sys-
tematic information exchange was desirable.

Energy storage systems

A number of indigenous energy forms, particularly
those which were likely to be attractive in rural areas —
solar energy, wind energy and small-scale hydroelectric
development — were discontinuous in varying degrees,
and required some form of storage in order to be used
effectively. In view of its implication for rpral energy
development, that was a problem of great importance,
and it was desirable to stimulate intensive reseafch
and development, in industrialized as well as developing
countries, and to ensure dissemination of information
on any new developments for centralized or decentral-
ized applications.

INTER-COUNTRY CO-OPERATIVE PROJECTS

International trade in coal

There was widespread interest in the use of coal
as a substitute for petroleum wherever possible, and
as a result an increasing trade in coal was likely. That
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mvolv_ed a variety of problems such as the matching
of })oﬂers: and other plant to varying grades of coal
which might be expected from different sources, or
the processing of coal to achieve desirable standards;
the need for facilities for handling coal at ports, and
between ports and points of use; the general question
of assessing availability of coal for export, and demand,
including quantities in relation to specific grades; and
measures which might assist in establishing trade in
a manner which would be the most beneficial to all
concerned.

Interconnexion of electricity systems

There was already a significant interconnexion
between Thailand and the Lao People’s Democratic
Republic, and quite recently a start had been made
with an interconnexion between Thailand and Malaysia,
and Malaysia and Singapore. Extensions were under
consideration. It was recommended that, when re-
quested, ESCAP should assist in studies and/or negotia-
tions to stimulate such interconnexions.

Development of the hydroelectric potential of
international rivers

The attention of participants was drawn to the
large potential for the development of hydroelectricity
on internpational rivers, and to the progress being made
in that connexion in the lower Mekong basin. There
was a very large potential for similar developments in
some other parts of the region, and special reference
was made to the Ganges-Brahmaputra and Salween
river systems, in which several countries of the region
were involved.

It was recommended that when requested by the
countries concerned, ESCAP should assist as far as
possible in measures to stimulate a co-operative ap-
proach to the development of such rivers.

INTERESTED INTERNATIONAL
ORGANIZATIONS

In order to facilitate discussion on action to be
taken, the representatives of international organizations
and bodies gave brief statements highlighting their
current and future activities in the energy field, which
are summarized below.

The Centre for Natural Resources, Energy and
Transport (CNRET) (see NR/WGMEPP/13) carried
out activities within four categories: (a) technical co-
operation projects such as the energy surveys and
planning conducted in Pakistan and Bolivia, (b) reports
to United Nations bodies, (¢) non-operational activities
in the form of conferences, seminars such as the Group
of Experts on Energy Planning in Developing Countries

in December 1977 and the Interregional Symposium on
State Petroleum Enterprises in Developing Countries
in March 1978, and (d) preparation and publication
of studies on specific energy issues, The Centre would
organize a coal symposium in Poland in September
1979, was co-operating with the Government of Japan
in organizing a solar energy seminar in Japan, also in
1979, and, if endorsed by the General Assembly at
its thirty-third session, would organize a conference on
new and renewable sources of energy in 1981. The
Centre’s periodic publications included the Natural
Resources Forum and the Natural Resources and
Energy Newsletter.

The United Nations Industrial Development Or-
ganization (UNIDO) carried out activities on indus-
trialization, including those related to energy. During
1976-1978, UNIDO had issued six studies on iron and
steel, fertilizers, petrochemicals, agro-industries, veget-
able oils and fats, and leather, in which energy
requirements were considered a prime criterion. In
1979 it would undertake a study on energy requirements
in industry in developing countries. With regard to
non-conventional energy, UNIDO had compiled a
publication on the state of the art of solar energy,
organized a meeting on solar technology and the
possibilities of manufacturing solar equipment and bad
undertaken operational projects in many countries. In
the field of wind energy, it was carrying out an
operational project on a wind mill/pumping system.
UNIDO had also published a report on the establish-
ment of an industrial and technological information
bank and planned to compile a paper on information
sources regarding alternative sources of energy.

In the ESCAP region, UNDP was assisting over

. 50 country projects in the energy sector with a total

input of approximately $29 million. Furthermore, there
were three approved regional projects receiving over
$2.7 million of UNDP inputs. The Regional Bureau
of UNDP for Latin America was currently undertaking
two main programmes, one being the Central American
encrgy programme designed to assist five countriess_ in
several aspects of energy development and planning,
and the other, preparatory assistance on new and
renewable sources of energy conducted for all Latin
American countries consisting of a study of requirements
and another of capabilities, as well as a technical
seminar in which the studies would be discussed by
policy-makers and specialists. The results of that pre-
paratory assistance would be used for the formulation

of future programmes.

UNEP was carrying out an in-depth study on
interactions between energy programmes and the
environment. Within the framework of that study

seminars were being arranged on specific energy re-
sources. Detailed work was being carried out on
renewable resources such as biogas.
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Participants noted information provided on FAO
Interests in energy related to agriculture.

The Asian Development Bank (ADB) had com-
pleted an energy survey for Bangladesh and follow-up
action was being considered. The Bank was willing
to consider financing energy studies, and was currently

considering a study of an energy master plan for
Thailand.

The Asian Institute of Technology (AIT) had
facilities for academic training in the engineering field
(post-graduate programme). A Renewable Energy
Resources Information Centre had been established
recently for the collection and dissemination of in-
formation on several subjects, particularly solar energy.
The Division of Energy Technology would be estab-
lished to admit the first students in January 1980.
The views of the Working Group would be useful in
drawing up the curriculum of the Division.

The East-West Center provided academic training
and fellowships in several fields, including energy (post-
graduate programme). The Conference on Asia-Pacific
Energy Studies held in July 1978 considered the energy
situation of the region, including the uncertainties,
research requirements etc., and reached an agreement
to establish the non-governmental Asia-Pacific Energy
Studies Consortium (APESC) to be serviced by the
Resource Systems Institute, one of the institutes of
the Center. The Consortium would involve co-opera-
tion among institutions in a number of countries in
the Asia-Pacific area. It would conduct research on
academic and policy matters and provide a network
for the exchange of information and personnel. Initially
the Institute planned to organize APESC workshops in
1979 on rural energy and indexing methods for various

forms of energy.

ESCAP presented document NR/WGMEPP/4,
containing the current programme on energy and the
medinm-term plan.

Current activities of UNESCO (see NR/WGM-
EPP/9 and Add. 1) in the energy field concerned
technical research and development of solar energy,
geothermal energy and biogas (particularly microbio-
logy) with emphasis on their use for low-income groups.
As a result of a meeting held early in 1978, an Asian
regional network on solar energy had been established.
The agency was planning to hold a workshop on solar
drying in the Philippines in October 1978.

SUGGESTED ACTION

Having enumerated many proposals for action by
countries, as reported earlier in the present document,
the Group considered a compilation of possible actions
at the inter-country or regional level, based on individual
submissions of participants and views expressed during
the meeting, and agreed on a number of proposals, as
set out in annex II.

Having regard to the increasing number of inter-
national bodies taking steps to develop inter-country
programmes related to energy generally, and non-
conventional energy resources in particular, and the
importance of avoiding fragmentation of effort within
countries, the Group recommended that countries
identify one focal point for communication on energy
generally, at the national level. In addition, if desired,
subsidiary focal points might be designated for direct
contact in relation to specific energy interests such as
coal, petroleum or solar energy. The ESCAP secre-
tariat might take this up with all member countries,
and advise other international bodies of the outcome.

With regard to information exchange, it was agreed
that, apart from various types of meetings, ESCAP
should, on a trial basis, institute a system whereby
very brief summaries of information likely to be of
interest to others would be requested, say, twice a year,
from all known centres of activity in member countries
on the selected topics, and those summaries compiled
and distributed to all the centres concerned. In each
case, an address would be given in conjuction with the
summary, so that those interested could obtain more
detailed information by direct inquiry. It was envisaged
that an evaluation of the usefulness of that process
would be made after about two years.

With regard to exchange of personnel, it was
agreed that while the general understanding would be
that costs would be met by the country requesting in-
service training, financial support might in some cases
be provided through bilateral arrangements, and inter-
national funds should be provided to support the
activity.

ADOPTION OF THE REPORT

The Working Group adopted its report on 21
August 1978.
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Symbol
NR/WGMEPP/1
NR/WGMEPP/2
NR/WGMEPP/3
NR/WGMEPP/4
NR/WGMEPP/5
NR/WGMEPP/6
NR/WGMEPP/7

and Corr.1
NR/WGMEPP/8
NR/WGMEPP/9

and Add. 1
NR/WGMEPP/10
NR/WGMEPP/11

NR/WGMEPP/12

NR/WGMEPP/13

NR/WGMEPP/14

NR/WGMEPP/CRP.1
NR/WGMEPP/CRP.2
NR/WGMEPP/CRP.3
NR/WGMEPP/CRP.4
NR/WGMEPP/CRP.5
NR/WGMEPP/CRP.6
NR/WGMEPP/CRP.7

NR/WGMEPP/CRP.8
NR/WGMEPP/CRP.9

NR/WGMEPP/CRP.10

Anmnex 1
LIST OF DOCUMENTS

Title
Progress in energy development
Aspects of demand and supply in the region
An outline of major issues
ESCAP’s energy programme

1977 review of national energy programmes

Energy programme in the Republic of Korea

Energy planning and programming in Singapore
Energy planning and programming, Thailand
UNESCO’s energy activities

Recent energy trends and future prospects
Energy situation in Bangladesh

Country paper, India

United Nations activities in energy: the role of the
Centre for Natural Resources, Energy and Transport

Resources, planning and programming of energy in
Afghanistan

Energy requirements and planning in Sri Lanka

Energy programming and planning in Malaysia

Indonesia energy outlook

Technical co-operation on energy policy: two regional
experiences of UNDP in Latin America

Australia’s energy situation

Preliminary proceedings of the Asia-Pacific Energy
Studies Conference

Energy and GNP: some thoughts on inter-country
comparisons

Energy planning and programming in Pakistan
Ten-year energy development programme, 1978-1987

Energy and agriculture

Source
ESCAP secretariat
ESCAP secretariat
M. K. Chatterjee, consultant
ESCAP secretariat

International Energy Agency —
OECD

Jin-Hi Choi, Republic of Korea

Public Utilities Board,
Singapore

National Energy
Administration, Thailand

V. Kouzminov,
UNESCO consultant

United Nations secretariat

A. N. Shahadat Uliah,
Bangladesh

Department of Power,
Ministry of Energy, India

CNRET

Ahmad Shah Arsalan,
Afghanistan

K. K. Y. W, Perera and
G. B. A. Fernando, Sri Lanka

Petroleum Development Unit,
Prime Minister’s Department,
Malaysia

Indonesia

Alfredo del Valle, Regional
Programmes Officer, UNDP

Department of National
Development, Australia

East-West Resource Systems
Institute, East-West Center

CNRET

A. M. Izharul Haque, Pakistan

Ministry of Energy,
Philippines
FAO
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Annex I
PROPOSED REGIONAL ENERGY ACTIVITIES

A. Already included in the ESCAP programme for
1978-1979

Expert group meeting on the evaluation of geo-
thermal energy

Working group on efficiency and conservation in
the production and use of energy

Study on the optimization of the utilization of
electricity-generating plant

B. Suggested meetings

Meeting for high-level government officers involved
in national energy policy, including method-
ology of planning, forecasting techniques and
programme formulation

Roving seminar on methodologies of energy plan-
ning, including forecasting, demand manage-
ment, inter-fuel substitution, and environmental
effects

Seminar on planning, management and economics
of energy resources for rural areas

Meeting on arrangements to encourage and manage
exploration and development of energy re-
sources

Working group meeting on mini and micro hydro-
electric development

Seminar on effective production, transport, storage
and use of fuelwood

Seminar on international negotiations and contracts
on energy projects and equipment

C. Mission

Mission on requirements in the region for training
in the energy field

Studies which could be scheduled

Energy storage systems
Energy pricing and its effects

Production, specifications and use of ethanol and
methanol

Co-operative research and development

Solar energy
Wind energy
Biogas

Biomass

Collection and dissemination of information
required on:

Data collection systems for energy resources, pro-
duction and end-use consumption

Beneficiation and utilization of coal
Geothermal energy
Environmental implications of energy programmes

Power tariff experiments

Catalytic action needed in:

Exchange of personnel concerned with institutional
arrangements, energy planning and manage-
ment

Exchange of technical specialists and economists
in the energy field

Formal training courses for medium-level personnel
in:

(a) Energy utility operation
(b) Energy planning
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II. WORKING PAPERS PRESENTED BY THE SECRETARIAT

PROGRESS IN ENERGY DEVELOPMENT
(NR/WGMEPP/1)*

INTRODUCTION

For the second session of the Committee on Natural
Resources, held in 1975, a secretariat paper with a
similar title was presented. This updated version has
generally retained the same structure, although this has
meant repeating some of the definitions, and parts of
series of historical figures. However, more attention
has been paid to the transitional nature of the period
since 1973, and to non-commercial sources of energy,
for which more information has become available.

Primary forms of energy refer to those occurring
in nature and providing the first stage of energy pro-
duction. Traditional conventional forms of primary
energy are coal, lignite and peat (solid fuels), crude
petroleum, petroleum from oil shale and bituminous
sands and natural gas liquids (liquid fuels) and natural
gas; hydroelectricity and nuclear electricity, although
not strictly primary energy as defined, are commonly
included in this category. The above forms of energy

* As presented, except that annex I has been amended to include in-
formation supplied at the meeting.

are regarded as commercial energy, and comprehensive
statistics on production and consumption are available,
as in table 1 which gives world consumption (including
direct consumption in industry). Some interesting ob-
servations could be made on the figures given in table 1,
but they may not necessarily be relevant to countries
in the region.

There are other primary commercial forms of
energy of minor but increasing importance, which have
not been listed separately (up to 1976) but are expected
to be separated out in later statistics. These include
tidal power, which is usually included in hydroelectricity,
and geothermal energy, which is usually included in
secondary energy as thermal power station electricity
production. In the future, energy from wave action
and ocean temperature differentials may be added.

Non-commercial primary forms of energy include
fuelwood, agricultural and animal wastes, solar energy
and wind energy. These forms are broadly classified
as non-conventional sources and statistics on production
and consumption are at present available only for
fuelwood. Again, some further statistics may become
available shortly, particularly where solar or wind energy
is used to produce electricity. In the mean time,
although the figures for fuelwood are in some cases

Table 1. World consumption of commercial primary energy

(in million metric tons of coal equivalent and
in kilograms per capita)®

Energy per capita

Year Solid fuels Liguid fuels Natural gas nt ‘ng';‘; cac’tlficity Total W Developed Developing

orld countries countries
1965 . . . . . . 2,255 1,967 882 116 5,220 1,589 4,710 255
1966 . . . . . . 2,293 2,135 963 126 5,517 1,649 4,903 267
1967 . . . . . . 2,178° 2,267 1,031 129 5,606 1,645 5,014 274
1968 . . . . . . 2,286 2,472 1,126 137 6,021 1,734 5,297 294
1969 . . . . . . 2,354 2,687 1,232 146 6,419 1,814 5,606 305
1970 . . . . . . 2,399 2,934 1,346 154 6,834 1,895 5,901 327
1971 . . . . . . 2,382° 3,116 1,445 165 7,110 1,936 5,993 344
1972 . . . . . . 2,428 3,346 1,526 177 7,477 2,000 6,240 357
1973 . . . . . . 2,492 3,596 1,582 185 7,855 2,065 6,460 379
1974 . . . . . . 2,540 3,560 1,612 207 7,919 2,044° 6,298 390
1975 . . . . . . 2,623 3,526° 1,633 221 8,003 2,028° 6,094® 402
A‘;fgfcgc;t:;:lfal .mcfcan: 1.52 6.01 6.35 6.66 4.36 247 2.61 4.65

Source:

In United Nations energy statistics, all primary forms of energy, inc
coal equivalent unit on the basis of physical heat content, which is tal

conditions.

® Decrease in amount from previous year.

World Energy Supplies, 1971-1975, United Nations Statistical Papers, series J, No. 20.

including primary electric energy, are converted into a common
ken as the heat energy they would produce under ideal
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estimates, when they are combined with the known
usage of animal dung in some countries, it becomes
apparent that usage of non-commercial forms of energy
in some developing countries may account for more
than half of total energy consumption. At the present
time, the high cost of petroleum products has made these
forms of energy more attractive than hitherto, and the
percentage of total usage may actually be increasing
in some developing countries.

The statistics presented in the various tables in
this report are confined to those readily available in a
consistent form, and, as noted above, do not give the
complete picture. Another gap concerns the usage of
animal and human energy. From some case studies in
agricultural areas, which may or may not have wide
application, a tentative figure of 10 kg of equivalent
coal per capita has been derived. Such a figure would
be significant in the countries with lowest apparent
energy consumption per capita.

Up to 1973, the main emphasis in exploration was
on oil and natural gas, and most of the exploration
was carried out by transnational oil companies and
other private organizations. Exploration for oil and
gas has now been intensified, with Governments taking
an increased interest, and at the same time reassessing
other indigenous sources of energy, both conventional
and non-conventional.

The countries in the ESCAP region are conscious
of the need for the systematic assessment and classifica-
tion of energy resources. Only relatively few countries
in the region have large reserves of oil and gas, and
again, only a few countries in the region (not necessarily
the same ones) have large reserves of coal. However,
several of the countries have reserves of oil or coal
which, although not large, are significant in relation
to their energy requirements. Hydropotential is known
to be relatively well distributed geographically within
the region, and its importance as a source of electricity
production has been recognized. Considerable efforts
are being made to assess its potential, particularly in
the context of over-all water resources development.
A search for nuclear fuels, particularly uranium, is
also being carried out in several countries. Good
possibilities are seen to exist for some harnessing of
wind energy, solar energy and geothermal energy, and
the production of energy and fertilizer from agricultural
and animal waste is being actively encouraged in several
countries.

ENERGY RESOURCES OF THE REGION

In conjunction with the meeting of the World
Energy Conference (WEC) in 1974, the United States
National Committee of that body obtained updated
replies to a comprehensive questionnaire and published
the results in a book entitled Survey of Energy Re-

sources, 1974. This reference is recommended as a
reliable source of information on reserves of commercial
energy resources, and selected figures for countries of
the region are summarized in annex I. Since 1974,
discoveries have been made in some countries, and
these are noted in the text.

Production and consumption figures are given in
annex II, the information being obtained from the final
draft of the United Nations publication World Energy
Supplies, 1972-1976.

A. SOLID FUELS

In the WEC survey, world resources of coal are
given as 10,750 X 10° metric tons, without differ-
entiating between black coal, brown coal and lignite.
China is credited with 8.9 per cent of the world
resources, and the rest of Asia and Oceania with a
further 2.9 per cent. Of this total amount, 1,400 X 10°
tons are classed as reserves, and 590 X 10° tons as
proved recoverable reserves.

Similarly, figures are given for peat in terms of
actual tonnage without reference to calorific value.
Total world resources recorded are given as 210 X 10°
tons, but many countries were unable to supply data.
Figures for proved recoverable reserves were supplied
by only four countries, including Bangladesh within the
ESCAP region.

The figures for reserves of solid fuels given in
annex I for individual countries in the region cover
black coal, brown coal and lignite (but not peat), with
all the quantities from the tables in the WEC reference
converted to standard black coal equivalent (7,000
kcal/kg). It may be noted that in some cases the
reference gives information on sulphur content and ash
content, both of which affect usability.

Fourteen countries of the region have recorded
reserves of solid fuels, and five other countries have
advised that they have deposits, but detailed informa-
tion is not available, Large reserves by world standards
are present in Australia, China and India, and moderate
reserves are present in Bangladesh, Indonesia, Japan,
Pakistan and the Republic of Korea. No recent dis-
coveries have been reported, but in most countries with
deposits work is proceeding on proving additional
recoverable reserves.

From annex II, it may be noted that solid fuels
are being produced in 15 countries, that is, 13 countries
with recorded reserves (no production in Bangladesh)
and 2 countries, Mongolia and Viet Nam, for which
data on reserves are not available. The ratio of annual
production to reserves is generally low, except for
Japan, where the ratio is substantially above the world

average.
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B. LIQUID FUELS

The increasing reliance on petroleum as an energy
source evident over the past two decades was accom-
panied by extensive exploration for crude petroleum
resources all over the world. The technological ad-
vances made in exploration have led to discoveries at
greater depths on land and off shore, and improvements
in production techniques, including secondary stimula-
tion, have increased the ratio of proved recoverable
reserves to total reserves.

Notwithstanding substantial consumption, the
amount of proved recoverable reserves of crude petro-
leum in the world has been increasing, to a figure
from the WEC survey of 91.5 X 10° metric tons, or
134.5 X 10° metric tons of equivalent coal! (about
one quarter of the figure for proved recoverable solid
fuels).

Other published figures, converted to metric tons
of equivalent coal, are given below for reference, but
these have not been shown to be of the same order
of reliability as the WEC figure of 134.5 X 10°:

World Oil
end 1974 1138 X 10°
end 1975 115.8 X 10° revised to 109.2 X 10°
end 1976 110.0 X 10°

The Oil and Gas Journal
end 1976 119.8 X 10°
end 1977 129.2 X 10°

The WEC survey showed that in their assessment
of petroleum reserves most countries had neglected
liquids obtained from natural gas. Data supplied for
the survey (12 countries only, including Australia and
New Zealand from within the region) gave proved
recoverable reserves of 1.3 X 10° metric tons or
22 X 10° metric tons of equivalent coal,? indicating
that a much greater amount is likely to be proved
in the near future.

An accurate appraisal of potential world resources
of oil from shales and bituminous sands cannot be
made because of the lack of definitive data from most
countries. From the WEC survey, an order of quantity
of recoverable oil is 100 X 10° tons. Countries in
the region which have indicated the possibility of
recoverable oil from these resources are Australia,
Burma, China, New Zealand and Thailand.

1 In United Nations practice, one ton of unspecified crude oil is equal
to 1.47 tons of standard coal.

2 In United Nations practice, one ton of unspecified natural gas liquids
is equal to 1.67 tons of standard coal.

The figures for reserves of liquid fuels given in
annex I for individual countries of the region cover
only crude petroleum, the figures for natural gas liquids
and oil from shale and bituminous sands being con-
sidered incomplete or lacking in reliability. All quanti-
ties from the WEC survey have been converted to
standard black coal equivalent.

The total for the region is of the order of 14 per
cent of the world total. Iran accounts for the major
part, but large reserves are also present in China and
Indonesia, significant reserves are present in Australia,
Brunei, India and Malaysia, and five other countries
have recorded reserves.

Since the WEC survey, new discoveries have been
made, or additional reserves in known fields have been
proved, in Afghanistan, Australia, Brunei, Burma,
China, India, Indonesia, Iran, Malaysia, Pakistan and
the Philippines, and exploration is continuing in many
countries and off-shore areas.

From annex II, liquid fuels are being produced
in 13 countries, although only 12 are recorded as
having reserves. For Thailand, the minor production
is from a field whose reserves are less than 1 million
tons of coal equivalent. The ratio of annual production
to 1974 indicated reserves is comparatively high in
Australia, Burma, Japan and Thailand.

C. NATURAL GAS

The increase in oil exploration activity has resulted
in associated and separate finds of natural gas. How-
ever, natural gas is still primarily a local fuel in that
its greatest exploitation is in areas where the demand
is near the supply or can be reached by pipelines.
Consequently, natural gas has been somewhat neglected
in nations where no ready market exists, and discoveries
have been recorded but the amount of reserves has
not necessarily been proved. A comprehensive evalua-
tion of world reserves is not feasible at this stage.
The Qil and Gas Journal gives a figure for the end
of 1977 which converts to about 91 X 10° metric tons
of coal equivalent, of the same order as reserves of
crude petroleum.

The WEC survey figures for recoverable reserves
were stated in cubic metres, and in order to obtain
amounts of coal equivalent the following heat values
were used in the priority indicated: WEC survey,
United Nations country averages, 8,900 kcal/cu m.
The total reserves for the region comprised about 13
per cent of world reserves, the majority being located
in Iran. Large reserves are also present in Australia,
China and Pakistan, with lesser amounts in 11 other
countries in the region. Several countries, Australia,
Bangladesh, Brunei, Burma, India, Indonesia, Iran,
Japan, Malaysia and Pakistan, have reported new finds
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or increases in proved reserves since the WEC survey,
and one country, Thailand, which previously had no
recorded reserves, has reported a significant new field.
Transportation as liquefied natural gas (LNG) secems
to be particularly appropriate in the region, and Aus-
tralia, Indonesia and Malaysia are all proceeding with
implementation of this technique to supply major
distant markets.

As seen from annex II, natural gas is being pro-
duced (not including re-injection or flaring to waste)
in 13 of the 15 countries with recorded reserves; no
production is occurring at present in Papua New Guinea,
the Philippines or the new field in Thailand. The
total amount is comparatively small, at 80 million metric
tons of coal equivalent in 1977. The general ratio
of production to reserves is very low, although it is
noted that the ratio in Japan is well above world
average.

D. HYDROELECTRICITY

There are technical, economic and in some cases
environmental limitations in developing the theoretical
potential of the entire stretch of river courses. In
most cases, also, it becomes necessary to co-ordinate
hydropower development with the development of water
resources for other purposes, such as frrigation, water
supply for domestic and industrial use, flood control
and navigation. Again, where a river system flows
through two or more countries, or forms part of the
boundary between two countries, there may be pro-
tracted delays in reaching development agreements.
Comprehensive studies have been undertaken in a few
countries of the region, while in other countries the
assessment of hydroelectric potential has been carried
out in a limited way as part of the studies on over-all
water resources development.

The information available for the region is given
in annex I. The basis used for the figures is the
annual energy available at average river flow (load
factor ranging from 30 to 80 per cent) taken from
the WEC survey, converted by the United Nations
factor of 0.123 tons of equivalent coal per 1,000 kWh,
and multiplied by a commonly used figure of 50 years’
availability. Additional figures, where available, were
obtained from United Nations sources.

Substantial hydroelectric potential exists in all the
mainland countries and large islands, and it may be
noted that 9 of the countries in the region are in the
top 20 countries of the world in amount of hydro-
electric resources. In order, these are China, Nepal,
India, Burma, Viet Nam, Indonesia, Japan, Papua New
Guinea, and Pakistan. Regional resources comprise
about 33 per cent of world resources.

__ Production figures are given in annex II for 1976,
indicating a rate of utilization of resources of about
8 per cent. In general, the ratio of developed to
potential resources is higher in developed than deve-
Ioping countries, and Australia and Japan are good
examples of this,

E. NUCLEAR FUELS

Nuclear fuels include uranium, plutonium which
can be derived from uranium, thorium and lithium
(possible future use for fusion reactors). At present,
only uranium is used as an energy source, and this is
only utilized as a fuel in nuclear power stations.

Uranium is widely distributed throughout the world
at very low concentration of the order of parts per
million. However, assessment of reserves is at present
restricted on economic grounds to-concentrations above
0.1 per cent. The locations and quantities of such
resources in countries without centrally planned econo-
mies, where exploration has been carried out, are
comparatively well known, but little information is
available from countries with centrally planned econo-
mies.

Information on reserves of uranium in the region
(from International Atomic Energy Agency (JAEA)
sources) is given in annex I on the basis of an economic
limit of production cost of $66 per kg.

A problem occurs in expressing the energy content
in terms of equivalent coal. Since the energy is at
present only used to generate electricity, United Nations
practice is to take the electrical output and convert
back to equivalent coal, as for hydroelectricity, and
that method has been used in this report. However,
it should be noted that if the actual heat output could
be used directly, the evident reserves would increase
by a factor of 5. Moreover, in due course it could
be expected that breeder reactors would be operating
commercially, and the evident reserves would then be
increased by a further factor of 60.

Main resources in the region are in Australia,
China, India, Japan and the Republic of Korea, repre-
senting a sizeable proportion of world resources.
Exploration is proceeding in several countries, and new
discoveries have been reported in Australia, Bangladesh,
the Philippines and Thailand. Significant reserves of
thorium are known to be present in Australia, India
and Sri Lanka, but at present the market for this
resource is small. Lithium is known to occur in
Australia, but is also generally present in sea water.

Because of the difficulty in obtaining production
figures, the figures for production and consumption of
uranium (in nuclear power stations) have been com-
bined with those of hydroelectricity. Countries in the
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regfon with nuclear power stations in operation are
China, India, Japan, Pakistan and the Republic of
Korea.

F. OTHER PRIMARY COMMERCIAL FORMS
OF ENERGY

Geothermal energy. The interior of the earth is
heated by the slow decay of naturally occurring radio-
active elements and escapes to the surface by con-
duction, However, in some locations the geothermal
gradient is much higher than the global average, as a
result of:

{(a) Active or dormant volcanic conditions;
{(b) Regional faulting causing deep fractures;

(¢} Very thick layers of sediment.

Ground water permeating to the high temperature areas
is heated, and may emerge as steam or hot water or
may remain trapped beneath an impermeable layer of
rock. These types of sources may be exploited with
the current state of technology, higher temperature
output for electricity generation, and lower temperature
output for domestic and communal heating. In the
future, it may become possible to exploit hot, dry
rock areas by injecting water or gas.

Statistics are generally available only for geothermal
electricity generation. Total installed capacity in 1977
was about 1,000 MW in seven countries, of which two
are in the region (Japan, 76 MW, and New Zealand,
192 MW). Construction and/or planning of new in-
stallations is under way in India, Indonesia, Japan,
New Zealand and the Philippines.

Tidal power. The harnessing of tidal power has
been considered from time to time for many years,
but present installations (outside the region) are of
very minor magnitude. Possibilities exist in several
location in the region, particularly Australia, India and
the Republic of Korea.

A related possibility is utilization of the small
permanent difference in water level between adjacent
seas.

Wave energy. Investigations are being carried out
into the possibility of harvesting the energy in waves,
typical locations being long ocean reaches, cliff-type
shores and reefs.

Ocean temperature differentials. Investigations on
utilizing ocean temperature differentials are being carried
out, and this may eventually be of interest in tropical
areas in the region.

G. NON-COMMERCIAL PRIMARY FORMS
OF ENERGY

Fuelwood. Most countries in the world have
forested areas, and the Food and Agriculture Organ-
ization of the United Nations (FAO) has for many
years taken an active interest in this subject. However,
the reserves of fuelwood as such are rather a matter
for speculation, as most forestry operations are directed
towards obtaining wood for industry.

The United Nations Stafistical Office now includes
production of wood and charcoal in the ¥ series of
statistical papers, commencing in World Ernergy Sup-
plies, 1971-1975. While most countries are included,
many figures given are estimates, but it may be expected
that the accuracy of the information will improve
steadily. Figures for countries in the region are in-
cluded in annex II, the conversion ratic used being
4 cubic metres of green wood to 1 ton of equivalent
coal (from a joint ESCAP-FAO study). The percent-
age of consumption of fuelwood to consumption of
total commercial energy is 100 per cent or more in
10 countries, Nepal being particularly noteworthy in
this respect. In 6 countries, fuelwood used for energy
is a very small proportion of commercial energy used.

Agricultural and animal wastes. Selected forms
of agricultural waste are traditionally used for energy
in many countries in the region, for example, the
burning of bagasse to provide power in sugar-mills and
confrolled burning of other wastes for heating, but
over-all statistics are not readily available.

In some countries in the region, cow-dung is burnt
for domestic cooking and heating, the major user being
India, with an estimated annual consumption of about
40 million tons of coal equivalent. An alternative
use for cow-dung, other animal wastes, and to a limited
extent agricultural waste, is to produce biogas by
anaerobic fermentation, the residue being a valuable
fertilizer, and this practice is growing.

A portion of municipal waste is burnt in incinera-
tors in some countries, with or without using the energy
output, but in developing countries the calorific value
of municipal waste is generally low and may mnot
support combustion.

Solar energy. The solar energy potential in the
region is high, but usage is minor, being confined to
salt production, which is fairly common, and water
heating, mainly in Australia and Japan.

Wind energy. Tropical areas in general have com-
paratively low average wind velocity, while some may
suffer periodic extremely high wind velocities. Tem-
perate areas in general have reasonable average wind

velocities.
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At present only minor usage is made of wind
energy. In Burma, China and Thailand simple hand-
made windmills suitable for low wind velocities are
used for low head-water pumping, and in rural areas
in Australia and New Zealand manufactured windmills
are used for water pumping and electricity generation.

TRENDS IN ENERGY PRODUCTION,
CONSUMPTION AND TRADE
A. SOLID FUELS

Annex II shows the production of coal in individual
countries of the region from 1972 to 1977, and con-
sumption from 1972 to 1976, Differences between

the two sets of figures represent imports or exports,
subject to allowances for bunkers and adjustments to
stockpiles. . The trends for the major producers and
for the region as a whole are shown in figure I, which
also shows regional production and consumption.

During the period, coal production and consump-
tion increased at a rate of about 4.5 per cent per
annum, a comparatively fast rate considering the lead
time for production. There was a fairly constant net
import to the region. However, the regional figures
are heavily dependent on the quantities for China,
where all production was consumed internally, and in
figure 1 the curves for the region excluding China are
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also given. These indicate that production, after being
practically static until 1973, began to increase in res-
ponse to the rise in oil prices. Consumption also
increased, but fewer imports are now required.

Of individual countries, output increased in all
producing countries except Burma (steady), Iran and
Japan (declined), and New Zealand (steady). Con-
sumption increased in all consuming countries except
Bangladesh and Hong Kong (imports reduced), Iran
(declined), Japan (imports increased in 1974) and New
Zealand (steady).

In addition to increasing production from existing
fields, several countries have taken steps towards deve-
loping new fields, particularly Australia, India, Indo-
nesia, Pakistan, the Philippines and Thailand. With
the continuing favourable economics for both hard coal
and lower grades, further expansion of production within
the region may be expected.

The major importer in the region was Japan, with
about 60 million tons per annum, of which about 24

million tons came from Australia, and this constituted
the most significant trade within the region. Bangla-
desh imported a modest amount from India; the
Republic of Korea imported from several sources,
including Australia; and Australia exported to several
countries outside the region.

In view of the interest shown by some countries
with limited or no reserves of coal or oil in the
possibility of reducing their dependence on imported
oil by planning some future electricity generation in
coal-fired plants, it is interesting to note that since 1973
the cost of coal has also increased. Prices are not as
well documented as those for oil, particularly in respect
of different grades of coal, but in general the prices
of the various grades of steaming coal and coking coal
lie in a fairly narrow band, so that an average price
for these grades, which form the bulk of international
trade, may be taken as representative for steaming coal
suitable for electricity generation. Table 2 thus gives
a reasonable guide, all prices being expressed in United
States dollars at the average exchange rates applicable
for the years quoted.

Table 2. Representative prices of coal
(in dollars per metric ton)

Country

Price status

Calendar year

1973 1974 1975 1976

Australia .
Canada P
Federal Republic of Germany

Export FOB
Export FOB

Japan . . . . . . . ImportCIF

United States of America

16.15 22.10 32.69 43.14
NA 21.38 36.48 NA

Ex-mine, Ruhr region  35.94 45.60 57.86 61.97

2331 45.05 54.86 NA

Export CIF Europe 31.52 65.63 7297 66.96

B. LIQUID FUELS

The production and consumption of liquid fuels
in individual countries of the region from 1972 is given
in annex II. Further information is given in figure II,
which shows the trends for the major producers and
the region as 2 whole. It should be noted that the
information given in annex I and figure II for liquid
fuels does not carry on from the corresponding in-
formation presented in 1975 to the Committee on
Natural Resources at its second session, as in the mean
time the equivalences between different grades of crude
oil and standard coal have been revised. Also, the
values given in this report include oil used for non-
energy uses.

Total production for the region increased rapifily
to 1974, followed by a decline in 1975 and a resumption
of the upward trend in 1976. The decline in 1975
was largely influenced by a significant decline in the
output of the major producer, Iran, and a minor

decline in output in Indonesia, other producers con-
tinuing their upward trend throughout the period, as
indicated also by the curve of total production excluding
Tran. Tt is noted that Malaysia increased production
in 1976, from new fields.

Consumption in Japan fell steadily from 1973 to
1975, followed by a modest increase in 1976. In the
mean time, total consumption in the region excluding
Japan has continued to increase, and by 1976 equalled
that of Japan. Individual countries not affected by
other factors in which consumption has not maintained
a steady increase during the period are Afghanistan,
Bangladesh, Burma, Fiji, Nepal, New Zecaland, Sri
Lanka and Thailand, each of which reduced consump-
tion in one or both of the years 1974 and 1975.

For the region as a whole, exports overtook imports
in 1971, and since then the region has become a
significant exporter of more than 100 million tons of
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Figure II. Liquid fuels production and consumption in the region

coal equivalent per year. However, such a statement
is misleading, as about 93 per cent of Iran’s owutput
is exported, while about 97 per cent of Japan’s con-
sumption is imported; a better guide is to compare the
curves for consumption in the region excluding Japan
and production in the region excluding Iran, indicating
a fairly balanced condition, Even within this modified
grouping, significant quantities are imported by Aus-
tralia, Hong Kong, India, New Zealand, Pakistan, the
Philippines, the Republic of Korea, Singapore, Thailand
and Viet Nam and exported by Brunei, China and
Indonesia.

The above does not imply that the region is self-
contained in terms of trading. Each country with a
surplus exports to countries both within and outside
the region. Japan imports about one quarter of its
supplies from Iran, smaller quantitics from Brunei,
China and Indonesia and the remainder from outside
the region. Most of the other importing countries
obtain some part of their supplies from the above four
exporters and the remainder from outside the region.
There appear to be opportunities for closer co-ordina-
tion of trade in this respect, subject to various technical
and economic constraints.
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The emphasis on government involvement in ex-
ploration and production since 1973 has tended to
§peed up activity on known fields and new discoveries
in the region, but some discrepancies have been noticed
between increased activity, increased production and
economic benefits,

C. NATURAL GAS

Annex II includes the production and consumption
of natural gas in individual countries in the region,
while figure III shows the trends for the major producers
and for the region as a whole. It will be noted that
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Figure 1IL. Natural gas production and consumption in the region

the scale of figure III is 10 times the scale of figures 1
and II, confirming that natural gas is a small component
of commercial energy. For natural gas also, the equi-
valences of gas from different fields to standard coal
have been revised.

Production in the region as a whole increased
quite rapidly during the period under review, at a
faster rate than for other commercial resources, not-
withstanding the levelling off of production in Iran in
1975. Of the 12 countries producing natural gas, Aus-
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tralia, Brunei, Indonesia and Pakistan all contributed
significantly to the increase, and it is noted that Iran’s
share of total production declined somewhat, from 50
to 38 per cent. There appears to be a clear indication
that countries are working hard to develop this resource.

Consumption in the region as a whole increased
during the period at a rate consistent with production,
and consumption in individual countries and groups of
countries performed similarly. This is not surprising,
since most natural gas is consumed locally.

The region as a whole is a net exporter of natural
gas, in a defined manner. Export routes consist of
Afghanistan to the Union of Soviet Socialist Republics
by pipeline, Brunei to Malaysia (Sarawak) by pipeline
and to Japan as liquefied natural gas, and Iran to the
USSR by pipeline (the major movement). JYapan also
imports LNG from the United States of America and
the United Arab Emirates, and has recently arranged
for further imports from within the region (Australia
and Indonesia).

As with liquid fuels, the Governments of the
countries in the region are taking an active interest in
the development of the gas resources and negotiations
for export.

D. HYDRO AND NUCLEAR ELECTRICITY

The production and consumption of hydro and
nuclear electricity in the region are given in annex IIL
the quantities not being separated. The amounts of
these forms of energy traded between countries are
very small, and there is no storage, so consumption
in each country is virtually equivalent to production.
Figure IV shows production for the region and in
selected countries. As for natural gas, the scale for
hydro and nuclear electricity is 10 times that used for
solid fuels and liquid fuels.

For the region, production dipped in 1973, but
this was evidently caused by a decrease in hydro-
electric production that year in Japan because of poor
weather conditions. In general, a modest rate of in-
crease is apparent.

Hydroelectric production occurred in 20 countries
in the region and in all of them, with the exception
of Japan, as noted above, and Malaysia, output in-
creased steadily at a modest rate, as indicated for
China and India in figure IV.

During the period under review, nuclear production
occurred in China, India, Japan, Pakistan and the
Republic of Korea, but was significant only in Japan.
For that country, the nuclear production is separated
out in figure IV, and it is apparent that it is already
making a substantial contribution to regional output.

Trade within the region consists of modest amounts
of energy exchanged between Bhutan and India, the
Lao People’s Democratic Republic and Thailand, and
Nepal and India. Agreements have also been reported
for limited interchange between Malaysia and Singapore
and Malaysia and Thailand.

E. REGIONAL PRIMARY COMMERCIAL
ENERGY

Figure V summarizes the total production and
consumption of solid fuels, liquid fuels, natural gas
and hydro and nuclear electricity for the region, and
allows a ready comparison to be made between these
four components,

Production of liquid fuels and solid fuels have
interchanged their position from year to year, while
production of natural gas and hydro and nuclear
electricity have been small by comparison. Consump-
tion of solid fuels remains well above consumption of
liguid fuels, The percentages of the totals for 1976
were as follows:

Percentage of regional total

Natural  Hydro and
gas nuclear

Production 453 478 49 20
Consumption  50.6 429 43 22

Solid fuels Liguid fuels

From the regional point of view, the excess of
total exports over total imports of energy is increasing,
which is a healthy financial condition, and with further
development of known and new oil and gas fields and
development of more of the coal and lignite resources
the over-all condition could continue to improve. This
statement disguises the large discrepancy between the
finances of the exporting countries and those of the
importing countries. However, most of the larger
countries have further energy development prospects,
which may tend to alleviate their problems, but the
same cannot be said of the smaller countries.

F. OTHER PRIMARY COMMERCIAL FORMS
OF ENERGY

The future of geothermal energy is bright, and
development of this resource will make a welcome
contribution in those countries with potential.

No project in the region for development of ocean
energy, tidal power, wave energy or temperature diffe-
rentials, has yet reached the firm planning stage.

G. NON-COMMERCIAL PRIMARY FORMS
OF ENERGY
Production and consumption of fuelwood in in-

dividual countries is given in annex II and depictefl
in figure V. The regional total is significant and is
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Figure IV. Hydro and nuclear electricity production in the region

likely to continue at about this level. In individual
countries, for instance, Indonesia, Iran and the Republic
of Korea, government concern about denudation of
forest areas has been expressed in directives, but these
are difficult to apply in rural areas unless there is
some financial inducement to use an alternative source
of energy. A government alternative, also under con-
sideration in some countries, is to develop new areas
of fast-growing, high energy content species of wood,
partly for industrial and partly for domestic con-

sumption. Very little information is available on the
production of charcoal, but there is some minor trade
between countries, which may be expected to continue
and increase to some extent.

There is a perceptible but slow growth of the
more effective use of the energy in animal and agricul-
tural wastes. So far, this appears to be confined chiefly
to those countries with already established techniques,
but may be expected to spread to other countries also.
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Solar and wind energy may be used without restric-
tion, but again it takes time for a rural population
not already familiar with the techniques to adopt
innovations.

H. SECONDARY ENERGY: ELECTRICITY

Detailed statistics on the electricity industry are
given in Electric Power in Asia and the Pacific. Al-
though a significant proportion of the region’s electricity
requirements is made available from primary sources
through hydroelectric and nuclear power stations, the

greater part of the electricity produced in the region
results from the burning of coal, oil or gas in thermal
power stations. It is, however, appropriate to mnote
the trend of percentages of generation from the various
types of power stations, as in table 3 (which does not
include the figures for China}. 1In the 15 years to 1976,
the general picture has shown an increase in percentage
of generation from steam power stations at the expense
of hydro power stations, but the relative proportions
now seem to have stabilized. Generation from nuclear
power stations is increasing steadily as a percentage,
while the internal combustion and gas turbine com-
ponents remain minor,
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Table 3. Electricity generation in the region®
(in percentage production by various types of generating station)

Type of station 1961 1966 971 1972 1973 197¢ 1978 1976

Hydro . . . . . . . . . 48.2 36.6 27.2 25.6 20.6 22.9 232 22.0
Steam PR 1 61.3 68.6 69.9 76.1 71.7 709 711
Internal combustion , , . . . . 1.3 1.6 23 2.4 1.1 1.8 1.7 1.3
Gas turbines . . . . . . . . e 0.3 0.3 0.4 0.4 0.4 0.4 09
Nuclear . . . . . . . . . e 0.2 1.6 1.7 1.8 32 38 4.7
Towl . . . . . . . . 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Production (kWh X 10%) , ., . . 1859 304.4 5794 624.8 702.0 705.4 742.1 790.8

Equivalent coal (million metric tons) .  22.8 374

71.3 769 86.3 86.8 91.3 97.3

Source:  Electric Power in Asta and the Pacific.

* By countries reporting.

TRENDS IN COUNTRY POLICIES ON ENERGY

At the time of the second session of the Committee
on Natural Resources, in 1975, the effects of the large
rise in the price of petroleum were still being digested.
Short-term measures directed towards reduction in
direct usage of petroleum products, and indirect use
in electricity generation, and consisting of a combination
of limitation of use, restriction of supplies, exhortation
and price changes were giving way to medium-term
and long-term measures.

The most obvious results have come from some
easing of traffic congestion and speeds, and increase
of efficiency of use of energy in factories, while ration-
alization of the institutional framework related to energy
has set the stage for more effective assessment, investiga-
tion, production and control of the energy resources
available.

During the transition period, several influences have
been at work, mostly hampering Governments in the
readjustment process. These have included:

(a) The flurry of exploration for petroleum;

(b) The temporary slow-down in the economies
of the developed countries;

(¢c) The temporary high prices for agricultural
commodities and selected minerals;

(d) Increases in the cost of manufactured goods;
(¢) The medium-term high inflation rates;

(f) The medium-term high interest rates;

(g) Chronic unemployment;

(h) The medium-term scarcity of development
funds;

(i) Problems with balances of payments;

(i) Rapid changes in currency relativities.

Dealing with the above problems has absorbed
much of the available administrative effort of Govern-
ments, and there have been cases, owing to insufficient
knowledge of interrelations in the event of a large step
change, where easing of one problem has caused strain
in another (unexpected) sector. In the circumstances,
the efforts of Governments to improve the energy picture
are very commendable,

Some interesting general points which have emerged
may be noted:

(a) In the short term, there is no direct substitute
for petroleum;

(b) Natural gas, where available, should be ex-
ploited, and the value of the liquids which are associated
with it should not be overlooked;

(c) Liquefied petroleum gas can find a ready
market; T

(d) Time spent in proving and developing coal
fields is a valuable long-term investment;

(e) Peat resources should not be neglected;

(f) Hydroelectric resources may be reassessed
for their potential for peaking power;

(g) Exploration for uranium will attract financial
backing;

(h) Geothermal prospects become more and more
interesting;

(i) Practical devices and technology for low-grade
and small-scale use of solar energy, wind energy and
biogas are readily available;

(j) High-grade and large-scale use of solar energy
and wind energy are not within the reach of developing
countries;

(k) Increasing consumption of wood is attracting
general attention;

(1) Exotic sources of energy are unlikely to be-
come available for many years.
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It bas also become apparent that Governments,
and people, are not interested in saving energy as such
but are vitally interested in saving money. This serves
to focus attention on the traditional financial processes
involved in comparing alternative projects, including
calculation of present worth, cost-benefit ratios, rates
of return and cash flows. These approaches have
proved their worth in stable economic conditions, with
shadow calculations for considering the sensitivity of
the results to small changes in the parameters. How-

ever, when large changes may take place in base costs,
interest rates and internal inflation rates, shadow cal-
culations for sensitivity may yield overlapping ranges.
This might leave the decision in doubt, normally leading
to delays in agreement within the country and in
negotiations with financial institutions. One suggestion
that has been made is that in such a case selection
should be made in the basis of minimum foreign
exchange requirements, in order to reduce the effect
of external factors.

Anmnex ¥

Commercial primary energy reserves in countries of the ESCAP region
(in millions of metric tons of coal equivalent)

Tozal coald 8 3
Couniry o area PO ——. e, o FUoRT Recowmante
Afghapistan . . . . . . . . 85 NA 19 188 111 —
Australiz . . . . . . . . . 204,800¢ 119,624 4279 4644 1384 2,161¢
Bangladesh . . . . . . . . 1,491 517 — 291 40 NA?
Bhutan . . . . . . . . . NA NA —_ e 65° —
Brunet . . . . . . . . . — . 292 402 — —
Burma . . . . . .« . . . 154 NA 8 4 1,384 e
China e e v e .« . .o 1,000,000 NA - 2,537 875 8,118 NA
Cook Islands ., . . o — — — — —
Democratic Kampuchea — — - p— 175
Fgn . . . . . . ... — — J— — — —
Gilbert Islands — — -— — —- —
Hong Kong . C e e —_ —_ — — —_— —_
India . . . . . . . « .« . 81,965 NAY 6002 126% 1,722 190
Indomesia . . . . . o« o« . 15,000% 5,000¢ 2,140 4279 765% —
Iran . . . .« . < < . . . 385 NA 13,039 7,607 230 e
Japan . . . . . . . . . . 7,881 976 5 15 800 50
Lao People’s Democratic Republic . . — e — — 277 e
Malaysia . . . . . . . . . 400 934 286 600 764 e
Maldives . . . . . . . . . — e e — — e
Mongohia . . . . . . .« . . NA NA e — NA —
Nauru W e e e e e — — e —n — -
Nepal . . . . . . . . . . NA NA e — 2,680° —
NewZealand . . . . . . .« . 799 119 47 231 339 —
Pakistan . . . . . . . . . 1,801 187 36¢ 579¢ 646 -
Papua New Guinea . e — — —_— 43 748 —
Philippines . . . . . . . . 100¢ 60* NA4 7 2741 2
Republic of Korea . . . . . . 1,657 622 B —_ 61 16
Samoa . . . . e e e e s e e — - - -
Singapore . . . . . .+ . . — e — — o -
Solomon Islands . . . . . . . — — — e 5 -
Sri Lanka . e e e e e . — —— — -
Thailand . . . . . . . . . 118 79 Na¢ 158% 412° NA?
Tonga . . . .+ . . . — -— — - -
Trust Territory of the Pacific Islands . e - — e - -
Tuvala . . . . . . . . e — — — - -
VietNam . . . + o o« o+ o+ = NA NA — o 1,077 —

Sources: ® World Energy Conference, Sureey of Energy Resources, 1974.

® Electric Power in Asia and the Pacific.

© Jranium Resonrces, Production and Demand, OECD-TAEA, December 1977, )
4 Updated information supplied for the Working Group Meeting on Encrgy Planning and Programming, 15-21

August 1978,

Note: United Nations conversion factors for reserves of unspecified heating capacity:

Standard coal

Natural gas

: 7,000 keal/kg or 27,750 BTU/kg or 29.3 M}/kg
Crude petroleum @ 7.33 barrels or 1 ton = 1.47 tons standard coal
+ 1,000 m® or 35,400 cu fr = 1.27 tons standard coal

. P ‘s T ~a

Hydroelectricity : 1 kW at 0.6 load factor for 50 years = 32.3 tons standard coal

Uranium

: 1 ton natural yranium = 6,500 tons standard coal



Annex 11

Production and consumption of energy in countries of the ESCAP region

(in millions of metric tons of coal equivalent)

Production Trade Consumption Fgﬁxzﬁﬁ&:
Country or area Year . Hydro and Total . Loy Hydro and Total Fuelwood =00
it bd Newd G o T T it Gt Nt Pl commn el ot
Afghanistan . 1972 0.07 — 3.85 0.06 3.98 3.32 e 0.07 0.47 0.06 0.06 0.66 1.34 203
1973 0.12 —_— 3.73 0.06 391 3.13 e 0.12 0.52 0.09 0.06 0.78 1.23 158
1974 0.12 0.01 3.92 0.06 4.11 3.35 —_ 0.12 0.45 0.13 0.06 0.76 1.41 186
1975 0.15 0.01 3.95 0.07 4.17 3.29 —_— 0.15 0.52 0.15 0.07 0.88 1.45 165
1976 0.16 0.01 3.38 0.06 3.62 2.81 — 0.16 0.53 0.05 0.06 0.81 NA NA
1977 0.20 0.01 3.29 NA NA
Australia . 1972 62.39 24.78 4.06 1.46 92.69 19.60 — 34.32 33.25 4.06 1.46 7309 0.55 1
1973 63.63 29,85 5.21 1.48  100.17 22.22 — 35.02 36.25 5.21 148 77.95 0.54 1
1974 66.98 29.85 5.74 1.67  104.24 21.15 — 37.76 3793 5.74 1.67 83.09 0.65 1
1975 69.99 31.78 6.39 1.87 110.04 25.66 — 38.35 37.76 6.39 1.87 84.38 041 1
1976 78.03 32.38 7.54 192 119.86 29.03 — 41.69 39.68 7.54 1.92 90.83 NA NA
1977 81.89 3315 8.57 NA NA
Bangladesh 1972 o — 0.77 0.05 0.82 — 1.32 0.19 1.13 0.77 0.05 2.14 3.34 156
1973 e — 0.91 0.05 0.96 e 1.39 048 0.91 091 0.05 2.35 3.38 144
1974 — — 095 0.06 1.01 e 1.18 035 0.83 0.95 0.06 2.19 3.42 156
1975 — — 0.63 0.06 0.69 o 149 0.34 1.15 0.63 0.06 2.18 3.50 161
1976 — — 1.07 0.06 1.14 o 1.49 0.33 116 1.07 0,06 2.63 NA NA
1977 — — 1.09 NA NA
Brunei 1972 — 13.07 0.64 — 13.71 13.21 e e 0.10 0.40 —— 0.50 0.02 4
1973 _— 16.34 337 —— 19.71 18.10 e —— 0.10 1.51 — 1.61 0.02 2
1974 — 13.75 6.52 — 20.26 18.02 —_— — 0.11 213 — 2.24 4.01 1
1975 — 13.84 8.51 — 22.34 20,05 _— — 0.12 2.18 — 229 0.02 1
1976 — 14.94 11.02 —_— 25.96 23.44 e — .12 2.40 — 2.52 NA NA
1977 e 15.00 11.03 -— 2603
Burma 1972 0.02 1.42 0.02 0.06 1.52 — 0.21 0.14 1.50 0.02 0.06 1.73 4.59 265
1973 0.01 1.43 0.03 .06 1.53 0.17 — 0.08 1.20 0.03 .06 1.36 4.64 341
1974 .01 1.41 0.03 0.06 1.51 - 0.07 0.17 1.34 0.03 0.06 1.58 470 297
1975 0.02 143 0.01 0.06 1.51 0.12 -— 0.23 110 0.01 0.06 1.39 4.75 342
1976 0.01 1.71 e 0.06 1.78 027 — 0.22 1.24 — 0.06 1.51 NA NA
1977 0.02 191 . NA NA
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Annex Il (continued)

Production Trade Consumption Fuelwood as
Country or area Year Solid Liauid Natusal Hydro and Toral Tosal Toral Solid Liouid Natural Hydro and Total Fuelwoos Pc;f‘iz::lge
) fuctls ;3:;; g:: i d’:‘:ﬁfx v mr: :::;;f“: cx;é:u imggil: ;3::: ,flg:?: Tg:: el':‘c‘;rlx%;y “”:ﬂ”:"';;"‘l consime """":::;y““’f
Ching . 1972 400.00 63.14 340 4.06 470.59 6.75 o 399.50 56.64 340 4.31 463.84 33.53 7
1973 430.00 75.34 3.77 424 51335 9.59 —  429.39 66.11 3.77 449 50376 34.04 7
1974 450.00 95.55 4.00 431 353.85 16.26 — 44897 80.07 4.00 455 53759 34.75 6
1975 470.00 110.25 4.66 4.55 589,46 25.46 o 468.81 85.73 4.66 4.80 564.00 35.50 6
1976 480.00 124.95 5.22 4.61 614.78 24.72 e 478.90 101,08 522 4.86 590.06 NA NA
1977 500.00 139.65 5.86 NA NA
Cook Tslands . 1972 —_ —_— — e e B 0.01 —_ 0.01 e e 0.01 —_— —_—
1973 — —_ — — — —_ 0.01 — 0.01 - — 0.01 — —
1974 o — e —— — — 0.01 e 0.01 e — 0.01 e s
1975 —_ e e o _ — 0.01 — 0.01 — — 0.01 — e
1976 — —- - — —_ — 0.01 — 0.01 — — 0.01 — —
1977 — — —_ — e
Democratic Kampuchea . 1972 — - —_ — — — 0.18 0.01 0.18 — — 0.19 0.95 528
1973 e — — — — — 0.23 e 0,23 — — 0.23 0.96 417
1974 — - - — — — 0.13 — 0.13 — — 0.13 0.99 762
1975 — — — e — e 0.13 —_ 0.13 — — 0.13 1.01 777
1976 e e e — — — 0.13 - 0.13 — — 0.13 NA NA
1977 — e - — —
Fiji 1972 — - — — — — 0.27 o 0.27 — —_— 027 — —
1973 J— — —_ J— e et 0.24 — 0.24 — o 0.24 — —
1974 — - — J— — — 0.31 0.01 0.30 —_— o 0.31 — —
1975 — — — — — P 0.29 0.01 0.27 e -— 0.29 — -
1976 —_— — - e . -— 0.23 0.01 0.23 o —— 0.23 — —_—
1977 —_ — — — —
Gilbert Islands . 1972 - — — — — e 0.01 — 0.01 — e 0.01 o —
1973 — J— — s — — 0.02 o 0.02 e —— 0.02 e —_
1974 —_ — — — — — 0.02 — 0.02 — -— 0.02 —_ —
1975 — — — — — X — 002 — -_— 002 — —
1976 — — — — — — 0.82 e 0.02 — —_ 0.02 - —
1977 —_ — — — —
Hong Kong . . . 1972 — — - — — e 426 0.03 4.24 e — 4.26 —_ —
1973 o — —_ - i e 443 0.02 4.42 — o 4.43 — —
1974 _ — — — — — 514 0.02 513 —_— — 514 — —
1975 e — — —_— — e 4.92 0.01 4.90 — e 4.92 — —
1976 P e e — — — 5.75 0.02 5.74 —_ — 5.75 e e
1977 — —_ J. — —
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Annex II (continued)

Production Trade Constimption F ::’Ig;zgfgf
Country or area Year : " Hydro and Total : i Hydro and Total Fuclwood of roral
e N e’ commeraa | T Tl G R Ny e commerdst €M commercia
India . 1972 76.67 10.84 0.85 3.49 91.84 — 16.78 77.88 26.41 0.85 349  108.62 26.50 24
1973 78.97 10.58 0.82 3.86 94.23 — 18.18 79.85 27.88 0.82 3.86 11241 26.98 24
1974 85.08 11.01 0.96 3.70 10075 — 1592 84.42 27.60 0.56 370 11667 27.54 24
1975 96.81 12.18 1.22 442  114.62 —_ 12.94 93.64 28.29 122 - 442 12756 28.82 23
1976 102.16 12.73 1.52 468  121.09 — 11.83 97.93 28.80 1.52 468 13292 NA NA
1977 99.75 13.86 1.76 NA NA
Indonesia . 1972 0.18 79.70 1.63 0.16 81.66 65.57 — 0.20 14.10 1.63 0.16 16.09 26.00 162
1973 0.15 98.43 1.06 0.19 99.83 82.26 — 0.15 16.16 1.06 0.19 17.57 26.75 152
1974 0.16 99.23 1.50 022 101.10 81.12 —_ 0.17 18.09 1.50 0.22 19.98 27.25 136
1875 0.21 94.29 3.07 0.22 97.7%9 72.74 — 0.23 21.52 3.07 022 25.05 27.75 111
1976 0.19  109.08 4.36 022 113.85 83.42 — 0.21 25.64 4.36 022 30.43 NA NA
1977 020 12169 5.00 NA NA
Tran 1972 100 372,35 23.85 048 39768 36735 — 1.00 16.01 12.34 0.48 30.33 0.25 1
1973 1.5 433.01 26.68 035 46110 424.99 e 1.05 19.68 15.02 0.35 36.11 027 1
1974 .20 44491 29.72 042 47625 43495 — 1.20 22.17 17.51 0.42 41,30 0.50 1
1975 100 39547 29.33 042 42622 38173 — 1.00 26.58 16.48 0.42 44.49 0350 1
1976 0.90  435.78 30.19 049 46736 417.59 — 0.90 30.64 17.74 0.49 49.77 NA NA
1977 0.85 41524 30.72 NA NA
Japan . 1972 28.13 1.08 3.70 12.01 44,92 — 33292 7555  286.27 5.39 1201 379.22 0.49 —
1973 22.44 1.06 3.94 10.04 3749 — 38835 80.67  327.74 7.39 10.04 425,84 0.37 —
1974 20.36 1.02 392 12.89 38.19 — 38333 8559 31311 9.93 12.89 42152 0.33 —
1975 19.02 0.93 3.79 13.70 37.44 —  366.28 80.32  297.84 11.87 1370 403.72 026 e
1976 1841 0.89 375 15.11 38.21 - 376.66 7897 306.74 14.05 1511 414.87 NA —
1977 18.14 0.91 4,19 NA NA
Lao People’s Democratic 1972 — — e 0.03 0.03 e 022 e .25 — .01 0.25 071 284
Republic 1973 — — e 0.03 0.03 — 0.23 — 0.25 e 0.01 0.26 0.71 273
1974 — o e 0.03 0.03 — 0.18 — 0.20 — 0.01 0.21 0.73 348
1975 — o — 0.03 0.03 — 0.18 —_ 0.20 — 0.01 0.21 0.74 352
1976 — — — 0.03 0.03 — 0.18 — 0.20 — 0.01 0.21 NA NA
1977 e — e NA NA
Malaysia 1972 — 6.52 0.13 0.14 6.78 — 077 0.01 7.09 0.30 0.14 7.55 1.28 17
1973 e 6.38 042 0.14 6.64 — 0.77 0.05 6.91 0.31 0.14 7.41 131 18
1974 e 5.70 0.10 0.12 592 - 1.61 0.06 7.04 0.30 0.12 7.53 1.34 18
1975 — 6.88 0.11 0.12 7.11 0.06 e 0.05 6.57 0.31 0.12 7.05 1.37 19
1976 — 11.80 0.12 012 12.04 4.42 - 0.05 713 0.32 0.12 7.62 NA NA
1977 B 13.00 0.12 NA NA
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Annex II (continued)

Production

Trade Consumption F:clwae;d as
Country or area Year . P Hydro and Total : P Hydro and Total Fuelwood tu”i:t:Ig ¢
g vd N TG o T Tl e Newd Pl o ol e
Mongolia . 1972 0.82 — — — 0.82 — 0.46 0.82 0.47 — — 1.28 0.34 27
1973 0.85 — — — 0.85 — 0.47 0.85 0.47 — — 1.32 0.34 26
1974 091 —_— — — 0.91 — 0.56 0.91 0.56 — — 1.47 0.34 23
1975 1.01 —_ — — 1.01 — 057 1.02 0.56 — — 1.58 0.34 22
1976 1.10 — — — 1.10 — 0.64 1.10 0.63 — — 1.74 NA NA
1977 1.26 — — — 1.26
Nauru 1972 — _— —_ — -— —_ 0.04 — 0.04 — —_ 0.04 —_ —
1973 - — — — —_ — 0.04 — 0.04 — — 004 — —
1974 — — — — — — 0.05 — 005 — — 005 — —
1975 — — — — — — 005 — 005 — — 003 — —
1976 - — — — - — 005 — 0.05 — — 005 — —
1977 - — — — —
Nepal . 1972 —_ — — 0.01 0.01 — 0.16 0.02 0.14 — 0.01 0.17 2.18 1,282
1973 —_— —_ —_ 0.01 0.01 —_ 0.14 0.01 0.12 —_ 0.01 0.15 2.18 1,453
1974 —_ — — 0.01 0.01 — 0.13 0.01 0.12 — 0.02 0.14 2.18 1,557
1975 — — — 0.02 0.02 — 0.12 0.01 0.11 — 0.02 0.14 2.18 1,557
1976 — — -— 0.02 0.02 — 0.12 0.01 0.11 — 0.02 0.14 NA NA
1977 — —_— — NA NA
New Zealand . 1972 1.78 0.21 0.32 1.88 4.19 —_ 5.03 1.79 522 0.32 1.88 9.22 0.13 1
1973 2.03 0.24 0.39 1.88 4.53 — 5.50 2.02 5.74 0.39 1.88 10.03 0.06 1
1974 2.11 0.24 0.44 1.90 4.69 —_ 5.99 2.12 6.22 0.44 1.90 10.68 0.06 1
1975 1.98 0.21 0.47 2.23 4.89 —_— 5.16 1.97 5.38 0.47 2.23 10.05 0.06 1
1976 2.03 0.71 1.27 1.99 6.00 — 5.35 2.02 6.07 1.27 1.99 11.35 NA NA
1977 2.02 1.04 2.17 NA NA
Pakistan 1972 0.88 0.67 4.80 0.49 6.84 — 453 0.97 5.12 4.80 049 1137 1.99 18
1973 0.84 0.64 5.84 0.59 7.91 —_ 435 0.90 4.94 5.84 0.60 12.26 2.05 17
1974 0.79 0.56 6.20 v 0.66 8.21 —_ 4.65 0.87 5.13 6.20 0.66 12.86 2.12 16
1975 0.92 0.45 6.37 0.66 8.41 — 4.74 0.99 5.12 6.37 0.66 13.15 2,12 16
1976 0.94 0.45 6.26 0.68 8.33 — 4.78 1.02 5.16 6.26 0.68 13.11 NA NA
1977 0.97 0.60 6.29 NA NA
Papua New Guinea . 1972 — — —_ 0.02 0.02 - 0.63 —_ 0.64 — 0.02 0.65 1.11 171
1973 — — —_ 0.02 0.02 — 0.67 — 0.67 _ 0.02 0.69 1.14 165
1974 —_ —_ — 0.02 0.02 — 0.78 — 0.78 — 0.02 0.80 1.17 146
1975 — —_ - 0.02 0.02 — 0.74 — 0.74 — 0.02 0.76 1.19 157
1976 —_ —_ —_ 0.03 0.03 — 0.79 —_— 0.79 —_ 0.03 0.82 NA NA
1977 —_ —_ —_ NA NA
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Annex II (continued)

Country or area

Production

Trade

Consumprion

Fuelwood as

Fuelwood ~Fercemioge

Year N . Hydro and Total ; ot Hydro and Total of toral
Joets  Had Newl ‘;y;gf};;.;y commerdal - LU oo guels el e guear | commerdal PTEL commercia

Philippines 1972 0.04 — — 0.28 0.32 e 10.86 0.05 10.86 — 0.28 11.18 5.07 45
1973 0.04 — — 045 0.48 e 12.00 0.05 11.98 - 0.45 12.48 527 42
1974 0.05 —_ e 0.53 0.58 e 11.81 0.08 11.78 — 0.53 12.39 5.36 43
1975 0.11 — — 0.56 0.66 —— 12.42 0.12 1241 — 0.56 13.08 5.55 42
1976 0.16 — — 0.60 0.76 — 13.62 0.18 13.61 — 0.60 14.38 NA NA
1977 0.28 — — NA NA

Republic of Korea 1972 12,40 e — 0.17 12.57 — 14.10 12.08 14.42 —_— 0.17 26.67 1.88 7
1973 13.57 — — 0.16 1373 — 17.47 14.87 16.18 —_ 0.16 31.20 229 7
1974 15.29 - — 0.23 1552 — 16.46 15.68 16.06 — 0.23 31.98 1.79 6
1975 17.59 — — 0.21 17.79 e 17.44 17.47 17.55 — 0.21 35.23 1.84 5
1976 16.43 -— e 022 16.65 — 19.93 17.01 19.35 — 0.22 36.58 NA NA
1977 17.27 — — NA NA

Samoa 1972 — — — — — — o — 002 — — 002 — —
1973 i — — — — — 0.02 —_— 0.02 —_— — 0.02 0.02 100
1974 — - —_ — — — 0.02 — 0.02 — - 0.02 0.02 100
1975 — —— —_ — — — 0.02 — 0.02 — — 0.02 0.02 100
1976 — — — —_— — — 0.02 — 0.02 — - 0.02 NA NA
1977 — — — - —

Singapore 1972 e — e — — —_ 3.15 0.01 3.14 e — 315 0.01 —
1973 —_— — — J— — — 4,38 0.01 4.38 —— — 4.38 —_ —
1974 — — — — — — 4.09 0.01 4,08 — —_ 4.09 —_ o
1975 —_ — — - — - 5.10 — 5.10 — e 5.10 0.01 —
1976 — — — — — — 5.15 — 5.15 — o 5.15 NA —
1977 e — — — -_

Solomon Islands . 1972 — — — — — — 003 — 009 — — 003 004 133
1973 — — —_— — - — 0.04 — 0.04 — — 0.04 0.04 100
1974 — — — — e — 0.04 — 0.04 — — 0.04 0.04 100
1975 — — —_ — — — 005 — 005 — — 005 004 80
1976 _ - — — — — 006 — 096 — — 006 NA NA
1977 — — - — -

$ri Lanka . 1972 - — — el oat — L& 00 166 — o 158 102 57
1973 — — — 009 009 — 166 001 165 — 009 175 104 59
1974 — — — 0.14 0.14 —— 1.46 0.01 1.46 e 0.14 1.60 1.04 65
1975 — — —_— 014 014 — 146 001 146 — 014 160 106 66
1976 —_ — — 014 014 — 13 — 131 — 014 145 NA NA
1977 — - —

0¢
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Annex II (continued)

Production Trade Consumption F:clwa::d as
Country or area Year : e Hydro and Total : - Hydro and T Fuclwood  PIETAE¢
” R R A R B g L
Thailand . 1972 0.11 0.01 o 0.21 0.34 — 9.84 0.13 9.83 e 0.23 10,18 376 37
1973 0.12 0.01 e 0.23 8.36 — i1.13 0.14 11.10 B 0.25 11.49 3.79 33
1974 Q.16 0.01 — 0.30 0.47 o 10.75 0.19 10.71 — 0.32 11.22 3.87 34
1975 0.15 0.01 — 0.42 0.58 — 11.31 0.18 11.27 — 0.44 11.89 3.95 33
1976 0.22 0.01 e 0.45 0.68 — 12.54 0.26 12.49 e 047 13.22 NA NA
1977 0.19 0.01 — NA NA
Tonga 1972 — — — — o — .02 —— 0.02 — — 0.02 — —
1973 — e —_ — o — 0.02 e 0.02 — o 0.02 — —
1974 — — — — e —_ 0.02 o 0.02 — — 0.02 —_ —
1975 —— — — — — — 0.02 e 0.02 — e 0.02 — e
1976 — — e — — — 0.02 —— 0.02 — e 0.02 — o
1977 — —_ — — -
Trust Territory of the Pacific 1972 — — — e — —_ 0.08 — 0.08 e o 0.08 — e
Islands 1972 — — — — — — 0.08 — 0.08 e — 0.08 e e
1974 — — e — — — 0.09 — 0.09 s — 0.09 e ——
1975 —_— — — — e e 0.09 — 0.09 e — 0.09 e o
1976 — — P — — — 0.09 — 0.09 — —_— 0.09 e —
1977 _— — — — —
Viet Nam . 1972 2.00 e — 0.05 2,05 e 8.77 192 8.85 — 0.05 10.82 4.08 38
1973 2.99 e — 0.05 3.04 —_ 8.47 277 8.69 — 0.05 1151 4.08 35
1974 4.00 R —_— 0.05 4.05 — 4.26 3.31 4.95 — 0.05 8.31 4.08 49
1975 4.25 —— — 0.05 4.30 — 4.10 3.71 4.64 — 0.05 8.40 4,08 49
1976 5.40 o — 0.07 547 — 0.31 4.80 091 — 0.07 5.78 NA NA
1977 6.00 — — NA NA
Regional totals 1972 586.49 573.77 48.01 2521 1,233,48 59.46 —  606.69 508.44 34.82 2546 1,175.41 121.16 10.3
1973 616.79 673.32 55.86 2398 1,360.95 80.17 - 64848 57475 42.34 2422 1,289.79 123.50 9.6
1974 647.21 70324 63.98 27.39 1441.83 105,79 — 68200 57657 49.80 27.64 1,336.01 125.69 9.4
1975  683.20 667.73 6849  29.83 1,449.25 7946 — 70862 57728 5379 3008 1,369.78  128.52 9.4
1976 706.15 745.43 75.74 3157 1,558.89 124.62 — 72579  614.88 61.80 31.81 1.434.27 NA NA
1977 729.01 756.06 80.09 NA NA

Sotirce: Final draft of World Energy Supplies, 1972--1976, United Nations Statistical Papers, series J, No. 21.

Notes:  NA not available; — zero or less than 10,000 tons; figures not available for Bhutan, Maldives and Tuvalu; Okinawa included in Japan,
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ASPECTS OF DEMAND
AND SUPPLY IN THE REGION

(NR/WGMEPP/2)

HISTORICAL DEVELOPMENT OF
ENERGY CONSUMPTION

A. COMMERCIAL ENERGY CONSUMPTION
AND ECONOMIC GROWTH

In 1976, energy consumption in the ESCAP region
(see table 1) was 1,434 million tons of coal equivalent
(tce). Developed countries’ energy consumption was
517 million tce. Developing countries consumed 917
million tce of energy, of which 91 million tce in the
energy exporting countries, 590 million tce in China,
and 236 million tce in energy importing developing
countries.!

Per capita consumption was 651 kilograms of coal
equivalent (kgce) in the ESCAP region as a whole
while the developed countries’ average was 3,991 kgce.
The developing countries average was 442 kgce, while
the energy importing developing countries’ per capita
energy consumption was 232 kgee. These figures of
per capita energy consumption are far below the world
averages in the respective categories.’

During the period 1960-1976, the total energy con-
sumption of the ESCAP region increased at an average
rate of 4.62 per cent per annum, Average annual
growth rates during the period on the basis of the
above-mentioned subregions were 7.83 per cent in the
developed countries and 3.33 per cent in the developing
countries, among which 6.36 per cent occurred in the
energy importing countries, 9.84 per cent in the energy
exporting countries and 1.93 per cent in China. Of
individual countries, Afghanistan, Iran, Japan, Papua
New Guines, the Republic of Korea, Singapore and
Thailand recorded relatively high rates of growth and
moderate or low rates were recorded in Burma, China,
India and Sri Lanka.

When the period is divided into four parts, that
is, 1960-1965, 1965-1970, 1970-1973 and 1973-1976, the
following characteristics of the energy consumption
growth pattern can be observed.

! The definition of the country groupings is as follows:
—~ Developed: Australia, Japan, New Zealand
— Encrgy exporting developing: Afghanistan, Brunei, Indonesia,
Iran, Malaysia
— China is treated as a special case, since it accounted for a large
portion of energy consumption in the region
— Energy importing developing: All other developing countries
Unless otherwise indicated, data are taken from World Energy Supplies,
United Nations Statistical papers, series J.

During 1960-1965, the ESCAP region as a whole
recorded a very low rate of growth of energy consump-
tion, averaging 0.38 per cent per annum. However,
this low rate of growth was largely due to the decrease
in China’s energy consumption from 434 million tce
in 1960 to 317 million tce in 1965. Energy exporting
countries’ energy consumption rose at a relatively
moderate rate: 4.83 per cent. On the other hand,
consumption in energy importing developing countries
and developed countries increased by 8.08 per cent
and 8.99 per cent respectively.

In the next five years, between 1965 and 1970,
the energy consumption of the region as a whole in-
creased by 8.11 per cent per annum. The high rate
of growth was led by the developed countries, especially
Japan whose annual compound growth rate was 14.2
per cent. Energy exporting countries also recorded a
very high growth rate, 15.2 per cent, but for developing
countries as a whole the rate was 5.84 per cent per
annum,

During 1970-1973, the high growth of energy con-
sumption continued at a slightly reduced level. Annual
average growth rates were 7.12 per cent for the region
as a whole, 6.79 per cent in developed countries and
7.35 per cent in developing countries.

The most recent period, 1973-1976, is the most
interesting in considering the forecast of future demand
trends in the region, because energy demand has been
affected by the sharp rise in oil prices that occurred
in 1973. Energy consumption in the region as a whole
increased from 1,290 million tce in 1973 to 1,434 million
tce in 1976 at an average annual growth rate of 3.60
per cent, which was about half the rate during the
1970-1973 period. Developed countries recorded minus
growth in the 1973-1975 period, but growth continued
in the developing countries, including the energy im-
porting developing countries, being 5.73 per cent in
developing countries as a whole and 4.19 per cent in
energy importing developing countries. If India is
excluded from the energy importing countries, the
remainder recorded 2.28 per cent growth, substantially
less than for the preceding period.

These energy demand changes can be explained
in relation to the economic activities in the region,
although the information and data are limited and
unreliable. It is observed that there is a relatively
close relationship between energy consumption and
economic growth in the countries selected. For instance,
the total gross domestic product (GDP) growth rate
increased from 6.26 per cent per annum during 1960-
1965 to 8.24 per cent per annum during 1965-1970,
while the energy consumption growth rate rose from
8.32 per cent to 10.4 per cent respectively. This gene{al
observation is applicable to both developeq countries
and developing countries, with a few exceptions.



Table 1.

Commercial energy consumption of countries in the ESCAP region

{in millions of tons of coal equivalent)

Developing countriee
¥ Devcloped i , ) ) % - -

U — e i S
1960 CoL e 697 154 543 20 435 88 26
Annual growth rate (percentage) 0.38 899 —2.75 4.83 6.51 8.08 117
1965 C e e 710 238 472 25 317 130 46
Annual growth rate (percentage) 8.11 12.1 5.84 15.2 4.68 6.39 115
1970 e e 1,049 422 627 52 398 177 79
Annual growth rate (percentage) 7.12 6.79 7.35 6.85 8.15 5.64 6.68
1973 . . . . ., . 1,290 514 776 63 504 209 96
Annual growth rate {percentage) 3.60 0.20 573 12.8 5.40 4.19 2.28
1976 . . . . . . . . . . 1434 517 917 91 590 236 103
Average annual growth rate 1960--1976 4.62 7.83 3.33 9.84 1.93 6.36 8.86

{percentage)

Per capita consumption 1976 (kg coal 3,991 442 706 232 254

equivalent)

Sources:  World Energy Supplies, United Nations statistical papers, series J, Nos, 19 and 21.

* Australia, Japan, New Zealand,

® Afghanistan, Brunei, Indonesia, Iran, Malaysia.

© China is treated separately, since it accounted for a large portion of energy consumption in the region.

4 All other developing countries.
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Change in energy consumption associated with a
change in GDP is usually expressed as a ratio, an
elasticity coefficient, and this is often used in forecasting
energy requirements? Table 2 shows the ratio or
elasticity of energy consumption to GDP and the related
economic indicators for selected countries. The elasti-
city ranges in general from 1 to 2. Most studies for
developed economies show that the energy/GDP re-
lation is fairly constant and that the elasticity appears
to be lower for a higher level of development. Elasticity
figures in table 2 for major groups show decreasing
trends since 1960, but the values of elasticity for
individual developing countries fluctuated considerably
from time to time and it seems unlikely that there
would be meaningful co-relations between elasticity
and per capita GDP or per capita energy consumption.

One of the main reasons why energy/GDP elasti-
city is not a satisfactory tool with which to analyse
energy trends of developing countries might be that
those countries are in the process of evolution from
agrarian to industrial production modes and their
economic structures are changing rapidly. Also, energy
consumption dealt with in the tables is limited to
commercial energy, Non-commercial energy consump-
tion, which is not included, is estimated to account
for 50 per cent or more of total energy consumption
in some developing countries. Consequently, in the
countries where non-commercial energy growth is slower
than commercial energy growth (in other words, where
substitution of commercial energy for non-commercial
energy is occurring) the value of apparent elasticity
of energy consumption may become larger than the
true value if non-commercial energy consumption is
taken into account. On the other hand, non-commer-
cial energy consumption may grow faster than that of
commercial energy, and the apparent elasticity may
be smaller than the true value. Therefore, in order
to use energy/GDP elasticity analysis effectively as a
tool for forecasting future energy demand for deve-
loping countries, there may be a need for accurate
assessment of non-commercial energy consumption.

As for sector-by-sector energy consumption, statis-
tical data for developing countries in the region are
generally incomplete. However, an attempt may be
made to analyse energy demand trends of individual
developing countries in relation to the change of GDP
composition by sectors and sectoral growth rates. For
example, as table 2 illustrates, in countries such as
Tran, the Republic of Korea, Singapore and Thailand,
where the percentage share of industry in GDP is high
and the industry sector grows quickly, the growth rate
of energy consumption and the energy/GDP elasticity
ratio are also high. On the other hand, countries

2 For instance, an elasticity of 1.5 for a stated period means that du.ring
that period the percentage change in energy consumption was 1.5 times
the percentage change in GDP.

which are less industralized have slow growth rates of
energy consumption. From table 2 it may also be
observed that energy input per United States dollar of
GDP in such developing countries as India, Pakistan
and the Republic of Korea, which have relatively large
energy-intensive heavy industry, is higher than in the
other developing countries or the developed countries.

B. CHANGE IN COMPOSITION OF ENERGY
CONSUMPTION BY ENERGY FORMS

As mentioned above, energy consumption has in-
creased as economic activity has expanded. During
the 1960s and early 1970s the composition of energy
consumption by different energy forms also changed.
As table 3 shows, in the past 16 years, or at least 13
years up to 1973, the percentage use of oil has been
increasing. Of the incremental requirement of energy
in the region from 1960 to 1973, oil supplies accounted
for 79.3 per cent, for developed countries 87.8 per
cent, and for energy importing countries (excluding
India) 75.9 per cent. The 1960s were a period of
abundant, cheap and stable oil supply, and convenience
in transportation, storage and utilization of petroleum
contributed towards making it a major source of energy
consumption in the region.

Looking at secondary energy utilization, total
electricity consumption in the region increased at the
rate of 9.17 per cent per annum from 1960 to 1976,
which exceeds the growth rate of total primary energy
consumption, This indicates that for final energy con-
sumption electricity has been preferred in many con-
sumption areas to other energy forms. But this, in
turn, resulted in increased dependency on oil in many
countries, as major sources of electricity production
shifted from a coal or hydro-power base to an oil
base in the 1960s.

Table 4 indicates the historical variation of the
ratios of energy imports and oil imports to total
consumption for developed countries and energy im-
porting developing countries. In 1973, the import oil
dependency of energy importing developing countries,
excluding India, was 68.1 per cent. For Hong Kong,
the Philippines, Singapore, Sri Lanka and Thailand
the percentages were extremely high (over 90 per cent).
Such a highly oil-dependent energy consumption struc-
ture caused energy importing developing countries to
be affected severely by the 1973-1974 oil crisis and
subsequent developments. If the current status of the
energy consumption structure continues, economies and
societies in the region will be adversely affected by
any chronic world-wide shortage of oil supply. In
that sense, the countries in the region, both developing
and developed, particularly energy-deficient developing
countries, would be in an extremely vulnerable con-
dition.



Table 2. Elasticity of energy demand to GDP in real terms for selected countries in the ECAFE region

Elasticity of encrgy consumption to GDP

Indusiry in GDP

Transporiation in GDP

Per capita (1975)

Energy

Country or area

Percentage

1960101965 1965101970 1970101973 1973101975 1960101975 share to GDP  Spcacih 1ol
in 1975 °

Percentage

share to GDP consumption
in 1975 1960 20 1975 (hgee)

Growth eate

Energy

consumption}

cpp GDP
($us) {kgee/$US)

Developing
Burma . 0.04 2.43 2.51 0.24 0.41 118 2.9° 4 2.1» 46 96 0.479
Fiji . NA 1.21 0.13 393 0.77¢ 15® 4.4°¢ 78 13.4° 505 1,143 0.442
Hong Kong 0.82 1.44 0.42 1.90 1.04 30 NA 6 NA 1,065 1,684 0.632
India 1.77 0.62 341 NA 142 16* 4.6° 42 4.5% 199* 144 1.382*
Indonesia . . . . . . 0.26 155 0.35 298 1.10 30(9) 6.6 4 55 184 216 0.852
Iran 1.52 2.13 0.61 0.40 1.23 47(11) 115 4 8.2 1,347 1,635 0.824
Malaysia . 1.42 1.72 0.74 1.00 1.22 23(5)¢ NA 5¢ NA 552 780 0.708
Pakistan 1.49 113 0.03 4.83 1.21 17* 7.50 7 65" 188* 162 1.160%
Philippines . . 2.25 1.44 1.08 0.46 1.46 21 6.5 2 5.5 308 368 0.837
Republic of Korea . 217 1.29 0.80 071 1.24 30 179 3 16.2 998 551 1.811
Singapore . 3.35 0.86 2,11 1.54 1.80 26 12.5 11 8.0 2,268 2,523 0.899
Sri Lanka . 1.02 1.20 —0.43 - 0.82 0.51 15 8.4 8 59 119 244 0.488
Thailand . 2.54 140 244 0.34 1.78 20 1.7 6 6.7 284 342 0.830
Subtotal 1.66 1.30 1.12 1.13 1.34 273 252 1.083
Developed
Australia L.14 0.75 1.06 3.69 1.05 27(20) NA 7 NA 6,249 6,319 0.916
Japan . . . . . . 1.02 1.20 0.81 —5.26 0.95 37(35) NA 7 NA 3,619 4,437 0.816
New Zealand . NA NA 1.69 NA NA NA NA NA NA 3,273 4,337 0.755
Subtotal 1.19 1.25 0.84 —1.82 1.09 3,887 4,652 0.836
Regional total . . . . . 1.33 1.26 0.91 0.55 1.16 676 743 0.910

Sources:  World Energy Supplies, United Nations statistical papers, series J, Nos. 19 and 21; Yearbook of National Accounts Sratistics, 1976; Statistical Yearbook for Asa and the

Pacific, 1970 and 1976.

Notes: Figures in brackets represent share of manufacturing industry.

* 1974 figure.
® 19601974 figure.
® 19651974 figure.
91971 figure.
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Table 3. Composition of energy consumption and its increments

{percentages)
Solid Ligquid Nasural Prima i iqui #
Yo dgegne S Mot Newd  imm g g, S Hwd Newa e

Total for region Developed countries

1960, . . 100 82.2 15.0 1.1 1.7 1960, . . 100 58.8 35.0 0.7 5.5

1965. . . 100 67.6 28.3 1.8 23 1865. . . 100 41.1 532 11 4.6

1870, . ., 100 54.6 40.3 3.0 2.1 1970. . . 100 294 65.8 1.7 31

1973, . . 100 50.3 44.6 33 1.8 1973. . . 100 229 72.0 25 26

1976 . . . 100 50.6 42.8 4.3 2.2 1976. . . 100 23.7 68.2 4.4 37
Increments Increments

1960-1973 . 100 12.7 79.3 5.9 2.1 1960-1973 . 100 7.5 87.7 3.3 1.4

1973~1976 . 100 53.5 27.8 13.5 52 1973-1976 . 100 154.8 5362 307.1 174.3
Energy exporting developing countries Energy importing developing countries

1960. . . 100 5.0 70.7 23.6 0.7 1960. . . 100 703 27.2 1.0 1.5

1965, . , 100 2.9 72.5 23.8 6.8 1965. . . 100 64.3 31.7 2.0 2.0

1970. . . 100 1.7 645 327 1.1 1970, . . 100 50.0 44.6 2.7 2.7

1973, . . 100 22 68.3 283 1.2 1973, . . 100 47.9 45.8 3.6 2.7

1976 . . . 100 1.5 70.3 272 1.0 1976 . . . 100 52.1 41.2 37 3.0
Increments Increments

1960-1973 . 100 0.8 67.2 30.6 1.4 1960-1973 ., 100 316 59,3 5.6 35

1873-1976 . 100 —0,1 74.7 24.8 0.6 1973-1976 . 100 83.8 6.3 4.6 53
China Energy importing developing countries excluding India

1960. . . 100 96.6 2.9 0.2 0.3 1960, . . 100 40.1 552 3.3 1.4

1965. . ., 100 94.0 1.6 0.4 1.0 1965. . . 100 34.9 58.3 5.1 1.7

1970. . . 100 90.2 8.4 0.5 0.9 1970. . . 100 21.4 71.8 5.2 1.6

1973, . . 100 85.2 13.1 0.8 0.9 1973. . . 100 20.9 702 7.1 1.8

1976 . . . 160 81.2 171 09 0.8 1976, . . 100 242 66.4 71 2.3
increments Increments

1960-1973 . 100 14.1 77.1 4.4 4.4 1960-1973 . 100 13.6 75.9 85 2.0

1973-1976 . 100 57.4 40.5 1.7 0.4 19731976 . 100 70.7 1.9 8.2 9.2

Sowrce: World Energy Supplies, United Nations statistical papers, series J.

C. ENERGY DEMAND CHANGE IN THE
POST-OIL-CRISIS PERIOD

The oil crisis and subsequent sharp rises in oil
prices in 1973-1974 had serious impacts on the world
economy as well as on the energy demand-supply
sitnation. The ESCAP region was not excepted, and
the growth in energy demand in the region as a whole,
which was 4.85 per cent per annum during 1960-1973,
declined to a rate of 3.60 per cent per annum. Energy
consumption in the energy importing developing coun-
tries, excluding India, declined to 2.28 per cent per
annum between 1973 and 1976 against the 1960-1973
growth rate of 10.4 per cent (see table 1).

Similarly, the composition of energy consumption
by type was also greatly affected by the new energy
situation. In particular, the percentage share of oil
consumption to total energy consumption in the region

was changed from 44.6 per cent in 1973 to 42.9 per
cent in 1976 (see table 3). In the energy importing
developing countries, oil’s share to aggregate energy
consumption decreased from 45.8 per cent in 1973 to
41.2 per cent in 1976, but, for this group excluding
India, it decreased from 70.2 per cent in 1973 to 66.4
per cent in 1976.

More clearly, ratios of incremental oil consumption
to incremental aggregate consumption declined drasti-
cally. For the ESCAP region, oil covered only 27.8

r cent of incremental energy requirements during
the 1973-1976 period, while its coverage was 79.3 per
cent between 1960 and 1973, For energy importing
developing countries, similar changes occurred, but if
India is excluded, the extent of change was not as
great. This might create problems in substitution for
oil by other forms of energy in developing countries
with small energy resources,
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Table 4. Dependency on imported energy and imported oil in energy importing countries
(percentage share of imported energy to total consumption)

Energy importing developing
countries

Energy importing developing
couniries excluding India

Developed countrics ESCAP toial

¥,
imparrgts Ol it O Sy OV

piion ? consumpii i ‘ on e pron

1960 . 2635 24.9 56.9 50.0 41.0 344 0.7 export

1965 . 28.1 27.1 55.5 54.8 60.5 526 3.4 import

1970 . 42.3 379 73.6 69.3 76.9 62.5 7.5 import

1973 . 449 39.7 73.0 68.1 84.2 65.9 0.2 import

1976 . 43.0 34.9 76.7 64.3 74.4 61.6 3.7 export

Sonrce: Same as table 3.

Note:  Net encegy imports and oil imports are calculated by the formula

net energy imports == imports — exports — bunkers
oil imports = liquid energy consumption — oil production

These changes in energy consumption trends within
the ESCAP region, namely, slow-down in growth and
shift from oil to other energy forms, stem from the
compounded effects of emergency policy measures with
due regard to the oil crisis, the world-wide economic
recession following that crisis, price and non-price
conservation of energy in each country, and so on.
It is almost impossible to set the new trend of energy
demand for future medium and long terms on the
basis of the trend of energy demand in the region
during the period 1974-1976, because the period is
too short and data available for future estimates are
too scarce. For example, the relation between GDP
and energy demand for individual countries has changed
from historical relations.

Energy consumption data for 1974-1976 alone are
not sufficient to define the quantitative effects caused
by the energy crisis and the new energy situation.
More detailed analysis with additional data for years
1977 and 1978 should help to indicate the medium-
and Iong-term trends for future energy demand in the
region.

ENERGY DEMAND FORECASTING
IN THE NEW ENERGY SITUATION

NEW TASKS FOR ENERGY DEMAND
FORECASTING IN THE NEW ENERGY
SITUATION

The oil crisis in 1973-1974 was the dividing line
between old and new energy periods. The situation
has been drastically changed from a cheap, abundant
and stable energy supply era to an expensive and
uncertain energy supply era. Because of this change
of circumstances, development and adoption of new
and innovative methods are needed in forecasting future

energy demand for the region as well as for individual
countries. The energy demand forecast is the starting
point for designing and implementing energy plans
and programmes, and it must be geared to the new
energy situation., It is, therefore, essential to establish
an appropriate energy demand forecasting system that
provides accurate and timely information, and may
be used for energy policy-making, to provide alter-
native scenarios with different policy options. It is
to be hoped that it could be extended to a more
sophisticated energy-modelling system, integrating en-
ergy demand and supply projections.

B. METHODOLOGY OF ENERGY
DEMAND FORECASTING

Most of the developing countries are currently
using relatively simple methods for energy demand
forecasting. One of these is a simple regression of
energy consumption in relation to GDP, based on past
data. This macro approach is applicable only if the
forecast GDP growth rate for the future period is
readily available. In some cases in the past, this has
been useful, particularly in short-term forecasting, but,
considering the recent evolution in the energy situation
and the changing nature of a developing economy’s
structure, forecasts by extrapolation of historical trends
may be inappropriate, as recent experience in several
countries has shown. However, if after the transition
period a fairly constant trend again appears, this fore-
cast method will again be useful. Already, in some
countries, the new (lower) trend has started to appear
from 1974.

A second method of forecasting, which some de-
veloping countries are using, is the sectoral modelling
approach, a micro analysis. Usually, in a sectoral
approach primary energy usage is divided into five
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sectors: residential, agriculture, industry, transportation
and commercial. Sometimes, electricity production is
treated separately, and in this case, electricity con-
sumption in other sectors normally needs to be clarified.
Each sector may sometimes be subdivided further, for
instance, industry may be subdivided into steel, chemi-
cal, machinery, textiles, etc. For energy-intensive
subsectors, separate treatment is considered important.
In most cases of this approach, basic units, namely,
energy input per production unit (for example, 1 ton
of steel production) or energy input per standard
household, etc., are useful for the analysis of past
performance and for forecasting future demand in each
sector. The advantage of this method over the first
method is that it is easier to determine the relation
between cause and result in the analysis of past per-
formance. However, as forecasts by this method
involve a Ilot of assumptions, either on the economic
framework including sector by sector features or on
various basic unit values, there may be risks of incorrect
subjective judgement by forecasters. This method,
which seems to be more precise and accurate than
the first, is still not fully reliable.

A third method is input-output modelling or the
construction of a micro-economic model of the entire
economy. This type of forecasting method attempts
to describe the effects of changes in the energy sector
on the total economy and the effect of changes in
the total economy on the energy sector. For this
reason, this method is a useful, effective way of planning
energy policy and programmes in relation to national
over-all economic planning. Its weakness is that it is
extremely data-intensive and requires the estimation of
a large number of parameters and technical coefficients.
In most cases in developing countries, the input-output
table becomes outdated within five years. Therefore,
in using such a table, a forecast result may also be
outdated without any assumption that inter-sector re-
lationships remained fixed during the forecasting period.
Even if an updated table is available, this method
tends to be historical rather than predictive. However,
with judicious use of parametric adjustments, it can
be made sensitive to realistic demand forecasting and
to the need for an energy policy-making tool.

The above three methods are now being used in
some developing countries in the region. Some other
methods, which could be called integrated energy
demand-supply modelling rather than energy demand
forecasting, are being used in the developed countries,
and others are just being proposed in academic society.
One of these is the optimization model. The traditional
form of this model is a linear programming model
with an objective function of minimizing the costs of
meecting established demands for energy from known
supplies. It is most useful for determining alternative
outcomes for changes in supply-demand assumptions.
It presents, in short, comparative statistical ““snapshots”

of alternative situations. A weakness is that the out-
come of the models could be dominated by a major
assumption in the model structure. Policy-makers also
tend to distrust the answers obtained by these models,
partly because the models are too large, cumbersome
and complex. Another weakness of this method is
that it cannot trace the path of the trend between
current levels and projected levels.

The econometric simulation model, unlike the
optimization model, can show the time-path of develop-
ment of scenarios of policy changes in the energy fields.
1t attempts to depict the dynamic structure and move-
ment of energy demands. Such models are highly
useful for policy analysis, since a new policy can enter
into the model as a constraint or parameter, and the
effect of the policy can be simulated against the base
case. A weakness of this method stems from its
historical nature. Because the econometrically fitted
parameters used in the model are derived from the
observed historical data, economically fitted functions
will not represent the future. So, if the situation and
circumstances are changed drastically, simulations based
upon the model could be misleading. Another weak-
ness is that construction is time-consuming and data-
intensive.

A further method uses parametric simulation
models. The assumption underlying these models is
that, although satisfactory econometrically determined
parameters cannot be derived, simulation of the energy
demands under assumed parametric values will provide
the decision-maker with useful information for bracket-
ing the probable outcomes of policy changes. This
type of model has, of course, a major fault in that
it is not based upon firm information. But it has
many advantages to policy-makers in that it is quick
and simple to run, can test many alternative policies,
and the boundaries of the decision impacts can be
readily determined.

There are thus many methods for forecasting energy
demands, from simple regression to fairly complicated
energy modelling. Which method the developing
countries should adopt is a matter of choice for the
decision-makers but may depend upon the current
conditions and historical backgrounds of each country.
For instance, the degree of development and arrange-
ment of statistical data collection varies from couniry
to country, and in many developing countries in the
region can hardly be regarded as satisfactory. Well
trained technical experts to develop and estaplish a
complicated energy modelling system are also in very
short supply. There is an urgent need for the de-
veloping countries to establish advanced systems of
statistics and information collection; this will takfe-a
long time and considerable effort, including prerequisite
training of personnel and, possibly, rearrangement of
administrative and institutional systems.
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Generally speaking, the choice of forecasting system
should be considered with due regard to the limitation
of availability of reliable data and information and
the availability of well-trained personnel. Needs for
energy demand forecasting, from the point of view of
the policy-maker, are different among the countries,
and the forecast itself may have a different meaning to
market economy countries than to centrally planned
economy countries.

C. FACTORS AFFECTING ENERGY DEMAND
IN THE NEW ENERGY SITUATION

In the new energy situation following the oil crisis
and subsequent sharp rises in oil price, energy demand
trends are changing, but demand structure itself cannot
change completely or drastically in the short term.
Rather, it may be appropriate to understand that with
residual reflection still coming from historical trends,
the adjustment of energy demand to the new situation
will gradually become clear as time goes on, and four
or five years may be required as a transition period.
Therefore, to determine new energy demand trends,
with reference to conventional forecasting methods,
energy policy planners need 1o consider factors cur-
rently affecting energy demand that were ignored in
energy forecasting in the past.

The first important factor is that government policy
control, direct or indirect, on energy demands is and/or
will be strengthened. In the past, as energy was cheap
and readily available, energy demand was generally
determined on the basis of economic development plans
and/or consumers’ free choice in the market place, and
supplies simply followed demand. But in the new
energy era, that becomes impossible because a major
source of energy supplies, oil, has become expensive
and scarce. Market forces are not strong enough to
meet the new energy situation, which has changed
drastically and quickly; and policy planners in most
countries are paying attention to energy demand
management policies. There is thus a tendency to-
wards strengthening policy control on energy demand,
ingluding the selection of specific conservation policy
mixes.

The second factor is the price effect on energy
demand. One of the most dominant features of the
new energy situation is the high price level and in-
creasing cost of production. How the energy demand
will respond to a big change in cost is a very important
factor in forecasting long-term future demands. Some
studies on the price elasticity of energy demands relate
to specific fuels or uses (e.g. natural gas, gasoline,
fuel oil, residential electricity), but most of them are
conducted in the United States and Europe. Almost
all of them are based on historical experience and
data during earlier periods when energy prices were
relatively stable and adjusted downward.

Some results of studies of estimated long-term price
elasticity of demand for energy by sector up to 1985
are given below:

Sector United States Tg;fog: Japan
Residential/commercial -0.2 to ~0.3 ~0.4 -0.3
Industriall . . . . . -04 ~0.3 ~0.2 10 -0.3
Transportation (gasoline} . ~0.3t0~05 -03t0-04 -0.4
Transportation {other fuels) -02to-04 -02t0-03 -0.4

Source: Organisation for Economic Co-operation and Development,
Energy Prospects to 1985,

It may be inappropriate to apply results from
those studies to the developing countries, and specific
results of price elasticity studies on the basis of the
recent development of energy demand in developing
countries are required. This kind of analysis is very
important for policy-making on energy taxation and
energy price regulation. There are many difficulties
in studying the price elasticity of developing countries’
energy demands, because actual demands in developing
countries have often been influenced by various supply
constraints and by the direct consumption control
caused by short-term measures, for example, import
bans on specific equipment, or petroleum rationing,
Nevertheless, such studies are urgently needed for long-
term energy demand forecasting and policy-making.

The third factor is interchangeability among diffe-
rent energy forms. This is especially important for
the forecast of demand for individual energy forms.
Since diversification of energy sources became a high
priority policy target in almost all energy importing
countries, and since oil lost the price advantage it had
over other energy forms, shifts from oil to other energy
sources have been occurring in the developing countries
in the region. Questions for an energy demand fore-
caster are how much, how far and where those shifts
will occur in the future. Like energy-saving effects,
substitution effects differ substantially between the short
and long term. The short-term effect is mainly based
upon the use of existing equipment and appliances
with minor modifications. Long-term effects stem from
plant replacements and additions, which are on a larger
scale and require capital investments. In order to
make an accurate and reasonable forecast for future
energy balances, it is essential to estimate substitution
effects among different energy forms in various sectors.

Some other factors affecting future energy demands
are industrial structure changes, supply constraints for
economic reasons (e.g. balance of payments problems)
or for technical or physical reasons (e.g. troubles in
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transportation and distribution systems), changes in

production mode and/or people’s way of life, and even
war.

HISTORICAL REVIEW OF ENERGY SUPPLIES

A. CONVENTIONAL ENERGY PRODUCTION

. Energy production in the ESCAP region decreased
slightly from 713.6 million tce in 1960 to 702.6 million
tce in 1965, presumably owing to a reduction in coal
production in China. After 1965, the production of
conventional energy increased at average annual growth
rates of 7.8 per cent, 10.4 per cent and 4.4 per cent
during the periods 1965-1970, 1970-1973 and 1973-
1976 respectively, bringing the total production to
1,558.9 million tce in 1976 (table 5).

From the details given in table 6, developed
countries produced 164.1 million tce or 10.5 per cent
of that amount, developing countries, excluding China,
780.0 million tce or 50.0 per cent, and China 614.8
million tce or 39.5 per cent. Of the developing coun-

tries, energy exporting developing countries accounted
for 76.9 per cent with 622.8 million tce, and energy
importing countries for 23.1 per cent with 157.2 million
tce. During the period 1965-1970, the production of
conventional energy in developing countries of the
region, excluding China, increased at an average annual
growth rate of 11.9 per cent, which may be split into
energy exporting countries at 15.3 per cent and energy
importing countries at 3.8 per cent. During the period
1970-1973, energy importing developing countries in-
creased their production at an average annual growth
rate of 2.8 per cent, significantly below the annual
increase of production in energy exporting developing
countries of 15.9 per cent and in the region as a whole
of 104 per cent. During the period 1973-1976, pro-
duction of conventional energy in the region increased
at an average annual growth rate of 4.4 per cent, in
developed countries 4.9 per cent, and in developing
countries 3.0 per cent, of which production in energy
exporting countries increased at 1.8 per cent, and in
energy importing countries at 8.5 per cent, and in
China at 6.2 per cent.

Table 5. Production of commercial energy in the ESCAP region

(in millions of tons of coal equivalent)

Developing conntries

Y Total Developed 7 !
cars ola eveioped couniries S“btoxnl Eﬁﬂg,l;"::'?}‘:;“ﬂg China E”"f:u‘;’};’g:;””g
1960 . 7136 91.1 622.6 1212 4302 1.1
Annual growth rate (percentage) ~0.3 2.6 0.7 9.0 9.2 65
1965 . . 702.6 163.7 598.8 1865 3179 94.4
Annual growth rate (percentage) 7.8 4.2 8.3 153 48 3.8
1970 . . . 1,020.8 127.4 893.4 3792 400.7 1135
Annual growth rate {percentage) 10.4 38 11.2 15.9 8.6 2.8
1973 . . 1,369.9 1422 1,227.7 591.2 5134 123.1
Annual growth rate (percentage) 4.4 49 43 1.8 6.2 8.5
1976 . . 1,558.9 164.1 1,394.8 622.8 614.8 157.2
Average annual growth rate
1960-1976 (percentage) . 5.1 4.0 5.2 10.8 2.3 53

Sources: Same as table 1.

1. Solid fuels

creased at average annual rates of 3.0, 4.0 and 4.6 per

Solid fuels are a basic source of conventional
energy in the ESCAP region. They are produced in
15 countries of the region and their total production
reached 706.2 million tce in 1976, which accounted
for 44.4 per cent of the total regional production of
conventional energy (table 6). In 1960, production
of solid fuels totalled about 568 million tce, but declingd
to 471 million tce in 1965 owing to a reduction in
solid fuel production in China. After 1965, it in-

cent for the periods 1965-1970, 1970-1973 and 1973-
1976 respectively.

In 1976, developed countries produced 98.5 milii.on
tce of solid fuels while developing countries, .excludfng
China, produced 127.9 million tce (energy gmportmg
countries 126.4 million tce and energy exporting coun-
tries 1.3 million tce). China is the main producer of
solid fuels in the region, and in 1976 produced 480.0
million tce, or 68.0 per cent of the total production
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Table 6. Production of energy in the ESCAP region by sources

(millions of tons of coal equivalent)

Solid Ligwid N 1 Hydro and . . Hydy 4
Year Total }Zei!: ;g;i ‘z:;“ . ;::;}f;;y Year Total 22‘: L;f:‘é 4 N ‘:;‘;‘l eé;i:)%:{y
Tozal jor region Developed countries
1960 . . 7136 568.4 126.2 7.5 114 1960 . . 91.1 80.6 0.8 L1 85
1965 . . 7026 471.8 2017 12.4 16.8 1965 . . 1037 88.7 15 2.6 10.9
1970 . . 1,0208 547.8 416.9 344 21.7 1970 ., . 1274 949 13.8 56 13.1
1973 . . 1,3699 616.8 673.3 56.0 240 1973 . . 1422 88.1 311 9.5 13.4
1976 . . 1,558% 706.2 745.4 75.7 31.6 1976 . . 1641 98.5 34.0 12.6 19.0
Developing countries Energy exporting developing countries
1960 . . 6226 487.8 125.4 6.4 3.0 1960 . . 1212 0.9 115.3 4.8 0.1
1965 ., . 598.8 382.8 200.2 9.8 6.0 1965 . . 1865 0.7 179.5 6.1 0.1
1370 . . 8935 452.9 403.1 288 8.6 1976 . . 3792 0.9 356.0 21.8 0.6
1973 . . 1,227.8 528.7 642.2 46.3 10.6 1973 . . 3912 1.3 554.2 35.0 0.7
1976 . ., 1,394.8 607.7 711.4 63.1 12.6 1976 . . 6228 1.3 571.6 49.1 09
Energy importing developing countries China
1966 . . 71.1 66.8 2.0 0.9 1.4 1960 . . 4302 420.0 8.1 0.7 1.5
1965 . . 94,4 83.1 6.0 2.6 2.8 1965 . . 3179 299.0 14.7 1.1 31
1976 . . 1135 92.1 11.9 4.8 4.7 1870 . . 4008 360.0 35.2 23 i3
1973 ., 1231 97.4 12,7 7.6 5.6 1873 . . 5134 430.0 753 3.8 4.2
1976 . . 1572 126.4 14.9 8.8 7.0 1976 . . 6148 480.0 125.0 5.2 4.6
Source:  World Energy Supplies, United Nations Statistical Papets, series J.

of solid fuels in the region. During the period 1973-
1976, production of solid fuels increased at average
annual rates of 3.8 per cent in developed countries,
10.9 per cent in developing energy exporting countries,
8.8 per cent in energy importing countries and 3.7
per cent in China. The annual average rates of growth
In energy importing developing countries are lower
than in energy exporting developing countries, even
though such energy importing countries as Bangladesh,
Pakistan and the Republic of Korea are well endowed
with this energy resource. It may be noted that gene-
rally solid fuels were produced not only for local use;
some countries, such as Australia, China and India,
exported a part of their production,

2. Liquid fuels

Liquid fuels are another important source of con-
ventional energy in the ESCAP region. Production
was 745.4 million tce in 1976, or 46.9 per cent of the
total production of comventional energy in the region
(table 6). During the period under review, production
of liquid fuels was characterized by high average
annual growth rates. The total production of liquid
fuels in the region increased at average annual growth
rates of 9.8, 15.2, 17.3 and 3.5 per cent during the
periods 1960-1965, 1965-1970, 1970-1973 and 1973-1976
respectively. Developed countries achieved very high
average annual growth rates of 57 per cent during

1965-1970 followed by 3.0 per cent during 1970-1973,
and 3.0 per cent during 1973-1976. During the same
periods, developing countries, excluding China, increas-
ed their production at average annual growth rates
of 14.7 per cent, 155 per cent and 1.0 per cent
respectively, including energy exporting countries at
14.7 per cent, 15.9 per cent and 1.0 per cent, and
energy importing countries at 14.7 per cent, 2.2 per
cent and 5.2 per cent. China increased production of
liquid fuels at average annual growth rates of 15.2,
17.8 and 21 per cent. However, it may be noted that
a significant part of the total production of liquid
fuels was exported to couniries outside the region.

3. Natural gas

In 1976, natural gas was being produced in 12
countries of the region. The production of natural
gas of the region as a whole was only 7.5 million tce
in 1960 and increased to 124, 344, 560 and 75.7
million tce in 1965, 1970, 1973 and 1976 respectively
(table 6). During the periods 1960-1965, 1965-1970,
1970-1973 and 1973-1976, production of natural gas
increased at average annual growth rates of 10.6, 22.0,
17.6 and 10.6 per cent respectively. In 1976, deve-
loped countries produced 12.6 million tce or 16.6 per
cent of the total natural gas production in the region,
developing energy exporting countries 49.1 million tce,
energy importing countries 8.8 million tce and China
5.2 million tce or 6.8 per cent.
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Especially high average annual growth rates of
29 per cent were recorded in production of natural
gas in energy exporting countries during the period
1965-1970. In energy importing countries the rates
were moderate at 12.5 per cent annually for the same
period.

In 1976, natural gas production accounted for 4.8
per cent of the total production of conventional energy
of the region, and it may be noted that part of it
was exported outside of the region.

4. Hydro and nuclear electricity

Hydro and nuclear electricity production in the
region reached 31.6 million tce in 1976. The pro-
duction level increased steadily from 11.4 million tce
in 1960 to 16.8 million tce in 1965 and 24.0 million
tce in 1973 (table 6). In 1976 the production of
hydro and nuclear electricity amounted to only 2.0
per cent of the total production of conventional energy
in the region.

In the region as a whole, the production of hydro
and nuclear electricity has developed at average annual
growth rates of 8.0, 5.2, 3.4 and 9.6 per cent during
the periods 1960-1965, 1965-1970, 1970-1973 and 1973-
1976 respectively. During the same periods, production
of hydro and nuclear electricity increased at average
annual growth rates of 5.1, 3.9, 0.8 and 12.3 per cent
in developed countries, at 14.1, 12.3, 6.5 and 7.7 per
cent in developing countries, excluding China, and at
8.0, 5.2, 34 and 9.6 per cent in China. An especially
high average growth rate of 43 per cent was achieved
in energy exporting developing countries during the
period 1965-1970, while the share of energy importing
countries in total regional hydro and nuclear electricity
production increased from 12.2 per cent in 1960 to
234 per cent in 1973 and to 22.5 per cent in 1976.
Hydroelectricity production is very important for energy
importing developing countries and in such countries
as the Lao People’s Democratic Republic, Nepal, Samoa
and Sri Lanka it is effectively the only indigenous
conventional energy produced.

B. EXPORTS OF CONVENTIONAL ENERGY

Figures quoted in this section are for recorded
exports, and do not include amounts for bunkers, which
are actual additional exports, or increases in stockpiles,
which are theoretical future exports, as some of the
figures for these items are not available.

Exports of conventional energy from the region
totaled 603.1 million tce in 1976, Exports increased
from 116.4 million tce in 1960 to 183 million tce in
1965, to 374.3 million tce in 1970 and to 586.5 million
tce in 1973. Exports increased at average annual
growth rates of 9.5, 15.4, 16.2 and 0.9 per cent during

the periods 1960-1965, 1965-1970, 1970-1973 and 1973-
1976 respectively.

Exports from developed countries increased from
4.9 million tce in 1960 to 36.7 million tce in 1976.
Average annual growth rates were 15.1, 17.1, 17.3
and 1.4 per cent during the periods under review.
The main conventional energy exporting developed
country was Australia, whose exports increased from
4.1 million tce in 1965 to 33.4 million tce in 1973
and 36.1 million tce in 1976.

Energy exporting developing countries increased
their exports from 104.1 million tce in 1960 to 532.4
million tce in 1976, at average annual growth rates
of 9.1, 15.4, 16.5 and 0.8 per cent during the periods
1960-1965, 1965-1970, 1970-1973 and 1973-1976
respectively.

Exports of conventional energy from energy im-
porting developing countries reached 28.3 million tce
in 1973 and 21.2 million tce in 1976. The main |
conventional energy exporting country was Singapore,
with exports of 24.2 million tce in 1973 and 17.3
million tce in 1976. These figures accounted for 88.6
per cent and 81.6 per cent of the total exports from
energy importing countries, and were essentially re-
exports after processing.

Exports of conventional energy from China de-
creased from 1.1 million tce in 1965 to 0.8 million tce
in 1970. After 1970, China increased exports signi-
ficantly to 2.7 million tce in 1973 and 12.8 million
tce in 1976. Exports increased at average annual
growth rates of 50 per cent during the period 1970-1973
and 4.7 times during the period 1973-1976.

C. IMPORTS AND COSTS

In terms of the region as a whole, the dependency
on imports of conventional energy is very significant
and increased until 1973. The volume of imports rose
from 127.0 million tce in 1960 to 631.9 million tce
in 1973, then declined to 606.1 million tce in 1976.
Imports increased at average annual growth rates of
12.9, 162 and 7.6 per cent during the periods 1960-
1965, 1965-1970 and 1970-1973 respectively, and de-
creased by 1.5 per cent during the period 1973-1976.

Developed countries of the region imported 376.9
million tce in 1970, 478.1 million tce in 1973 and
448.7 million tce in 1976. During the period 1965-
1970, imports increased by 16.8 per cent annually,
while during the period 1970-1973, the annual increase
was 6.1 per cent, followed by a decrease during the
period 1973-1976 of 2.5 per cent per annum. Japan,
the main importing developed country, imported 454.2
million tce in 1973, or 71.8 per cent of the total
amount of conventional energy imported by the regional
countries.
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) Energy exporting developing countries reduced
thelr. imports of conventional energy from 17.0 million
tce in 1970 to 10.4 million tce in 1973, and increased
them to 14.4 million tce in 1976.

Energy importing developing countries imported
1125 million tce in 1970, 143.2 million tce in 1973
and 142.8 million tce in 1976. During the period
1973-1976, the average annual growth rate declined to
_—0.5 per cent in comparison with an 8.5 per cent
increase during the period 1970-1973. China ceased
importing conventional energy in 1973.

The energy crisis has seriously affected the balances
of payments of energy importing countries of the region.
As a result of rising import prices of crude petroleum
fmd petroleum products, the share of crude petroleum
imports in the total import bill increased significantly.
For countries for which statistical data are available
(table 7), the share of petroleum imports to total
mports ranged from a minimum of 4.9 per cent to a
maximum of 30.5 per cent in 1974, but in the following
year the corresponding percentages were 6.5 and 34.0
respectively. The most seriously affected countries of
the region were Fiji, Japan, the Philippines, the Re-
public of Korea, Singapore and Thailand.

D. COMPOSITION OF ENERGY SUPPLIES
BY ENERGY FORM

The initial reaction of countries to the oil crisis
was to eliminate or reduce consumption of petroleum
products wherever it was feasible technically, or to
take medium-term measures to ensure a stable supply
of crude petroleum and petroleum products, preferably
at concessional rates. But modernization of agricul-
ture and industry, as well as development of infrastruc-
ture and transport on a new technological level, have
called for increasing expenditure of energy. Further-
more, an increase in the gross national product (GNP)
of a country seemed to be impossible without more
energy supplies, in view of the fact that total energy
consumption was closely related to the over-all growth
of the economy, since energy was consumed in the
process of production of goods and services.

One of the ways of solving the problem was to
increase indigenous energy production. For example,
some countries of the region have significant resources
of solid fuels, liquid fuels, natural gas, and substantional
hydroelectric potential.

During the period 1973-1976, Afghanistan increased
production of solid fuels at an average annual growth
rate of 10.8 per cent, Australia at 8.0 per cent, China
at 3.7 per cent, India at 9.0 per cent, Mongolia at
93 per cent, the Philippines at 57.0 per cent, the
Republic of Korea at 6.6 per cent and Thailand at
23.0 per cent.

_ During the same period, production of natural gas .
gncreased at an annual growth rate of 13.1 per cent
in Australia, 49.0 per cent in Brunei, 11.0 per cent in
China, 23.0 per cent in India, 60.0 per cent in Indonesia
and 3.9 per cent in Iran.

Production of hydro and nuclear electricity in-
creased at an annual growth rate of 13.1 per cent in
Australia, 49 per cent in Brunei, 3.1 per cent in China,
23.0 per cent in India, 60.0 per cent in Indonesia and
4.0 per cent in Iran.

The production of liquid fuels increased in Aus-
tralia, China and India during the period 1973-1976.
All oil-exporting countries, excluding Indonesia, de-

" creased their production of liquid fuels.

The above figures show the heavy emphasis being
placed on the development of sectors producing in-
digenous conventional energy so as to make it possible
to reduce imports of energy resources.

For many non-petroleum producing countries, a
policy of substituting imports of petroleum by in-
digenous energy and its derivatives, such as coal, natural
gas, etc.,, seems to be possible. Besides serving as a
fuel for power generation and industrial heat/steam,
coal may also be used as feedstock for the production
of fertilizers and smokeless domestic fuels.

E. INFLUENCE OF SHORT- AND LONG-TERM
POLICIES AND PRIORITIES

As outlined above, some short- and long-term
policies have been planned by the countries in the
region to alleviate the consequences of the petroleum
crisis. The first step was to minimize imports of
petroleum or eliminate them entirely by importing
lower-grade petroleum products and replacing petro-
leum by indigenous energy resources, mainly coal.

Escalation in international oil prices had an im-
mediate effect on taxation of various oil products.
In some countries of the region, well-head prices of
indigenous crude petroleum remained at a relatively
low level compared with the international price of
crude oil and the tax was increased.

Special financing terms on a deferred payment
basis were negotiated for some imports of crude petro-
leum, for instance, the investment agreements of India
with Tran (about 2.4 million tce of crude oil per year)
and Iraq (about 2.8 million tce of crude oil).

Petrolenm exploration has now become an im-
portant activity in many developing countries of the
region even if the risks are high. Recent discoveries
of off-shore oil deposits in India and off-shore natural
gas deposits in Thailand have indicated profitability
of investments in oil and natural gas off-shore pros-

pecting.



Table 7. Share of crude petroleum in the total import bill of selected countries in the ESCAP region

1976 1971 1972 1973 1974 1975
Unit Total Petro-  Percene Total Peiro.  Percen- Total Petro-  Pereen- Total Petro-  Percens Total Petro-  Percen- Total Petro-  Percen-
smporis leum tage impor:s leum tage imports leam tage imports lesum tage imports Teum tage imports Leum tage
Australia i\filliﬁl‘? of 45141 2180 4.83 4,610.8 1944 422 4,309.8 2069 4.80 53815 1959 364 8,639.1 6444 7.46 8,5147 733.6 8.62
ustralian
dollars
Bangladesh Mil!ions of — — — — po— — 4,139 — 6,762 — - 8,908 746 837 15,611 1,161 744
taka
Fiji ?;‘lilli(tlms of 90.50 998 11.03 11156 11.69 1078 131,55 13.07 994 17465 1562 894 21933 3449 1573 22175 3851 17.37
i1 dotlars
Japan Billions of 6,797 805 11.84 6,910 1,066 1543 7,229 1,190 16.46 10,404 1,627 15.64 18,076 5,509 3048 17,174 5,830 33.95
yen
Malaysia Millions of 4,340 377 8.69 4,434 413 9.31 4,695 177 3.77 6,070 175 2.88 9,954 490 492 8,638 559 6.47
ringgits
Pakistan Millions of 5,478 165 3.01 4,368 192 440 5934 293 494 9,788 547 559 17,202 1,363 79221361 2,524 9.22
Pakistan
rupees
Philippines Millions of 7,299 623 8.54 8525 809 92.4% 9,159 939 1025 12,063 1,123 9.31 24,501 3,873 15.81 27,370 5,169 18.87
pesos
Republic of Billions of 617.3 39.0 632 8399 61.0 726 993.6 81.3 818 1,689.0 1105 654 2,781.5 3921 1410 3,520.8 6153 17.48
Korea won
Singapore Millions of 7,534 1,023 13.58 8,664 1,237 1428 9,538 1,383 1450 12,573 1,614 12,90 20,405 4,892 239719271 4,730 24.54
Singapore -
dollars
Thailand Millions of 27,009 1,198 4.44 26,794 1,941 7.24 30,875 2,432 7.8842,184 3,572 8.47 64,044 10,382 16.21 66,835 12,076 18.07
baht
Source: International Financial Statistics, vol. XXXI, January 1978,
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Under the circumstances of the permanent rise in
oil prices, national energy planning in developing coun-
tries began to play an increasingly important role,
and planning bodies have been established in various
countries of the region. For example, the National
Fuel Efficiency Service was established under the
Government in India. The purpose of this Service is
to examine critically the choice of fuel and equipment
in different industries on a continuing basis with a
view to advising the industries and the Government
of various possible solutions from the point of view
of national policies as well as techno-economic con-
siderations.

Many developing countrics were also faced with
the problem of establishing an institutional framework
for planning and co-ordination of over-all energy
policies. Under existing conditions, attention should
be given to working out national and regional energy
plans on both short- and long-term bases.

ENERGY SUPPLY PROJECTION
METHODOLOGY AND POLICIES

A, NATIONAL ENERGY SUPPLY STRATEGY
OF ENERGY IMPORTING DEVELOPING
COUNTRIES IN THE NEW ENERGY
SITUATION

The international energy supply situation has
‘pecome more unstable and expensive to the energy
importing countries and the problem may get worse
in the future. Especially for energy importing deve-
loping countries, the securing of stable energy supplies
ha§ become a national policy objective of the highest
priority.

To achieve the establishment of a secured energy
supply structure, the following policy objectives should
be achieved. First, to improve the degree of self-
sufficiency through accelerating all forms of indigenous
production. Secondly, the diversification of energy
forms, stressing the development of non-conventional
renewable energy sources as well as conventional
sources. Thirdly, the diversification of import sources.
Because for most energy importing countries it is not
easy to achieve self-sufficiency of energy supply, and
they will have to continue to rely upon imported
energy, it is important to devise a policy to avoid the
risks of relying upon one or very few emergy supply
sources.

Weights of priorities among these three objectives,
and target levels in each, may vary from country to
country, and will also be different in the short, medium
and long term, but all of them should be common
policy objectives for energy importing developing
countries.

B. METHODOLOGY OF ENERGY SUPPLY
PROJECTION

As the starting point of supply planning, energy
demands must be forecast as accurately as possible for
the short, medium and long term, detailed in each
energy form. It is to be hoped that such forecasts
will contain various scenarios with different demand
management policy measures and different assumptions
on economic and social conditions in each.

Secondly, before the actual planning of national
energy supply, assessment of indigenous energy re-
sources should be carried out. It is an essential element
of supply planning to establish the data base on the
physical potential of indigenous energy resources, It
should be extended further to detailed evaluation of
economic feasibility with consideration of various future
energy conditions. Such data and information are
currently very scarce in the developing countries, and
basic surveys and studies on energy resources are
urgently needed.

Thirdly, an assessment is required of the avail-
ability, stability and cost of imported energy in the
future. It is difficult to assess future international
energy supply conditions, but it is required in order
to analyse cost-benefit ratios of indigenous supplies
and to evaluate the feasibility of development projects
of indigenous resources.

After the assessment and establishment of the data
base is completed, the energy policy planner can proceed
with the planning of energy supply for the future.

The first step is to establish criteria for compre-
hensive evaluation of supply stability and cost and
benefit to fix the priorities of various energy supply
projects, Some of them may be new development
projects while some may be expansion projects and
others energy import projects. These criteria should
be considered in the context of long-term energy

strategy.

The second step is to make simple supply pro-
jections to meet the forecast demands starti'ng with
the simplest case, based upon the assumption that
existing conditions and policies will continue without
change. Supply should meet not only the total amount
but also the requirement for various energy forms of
forecast demands. In the normal case, the le_vel of
indigenous supplies is first projected, and then import
requirements are determined.

The third step is to consider alternative scenarios.
Unless the base case projection is a reasonable ome
from the viewpoint of achieving targets of the long-term
national energy strategy such as improving self-suffi-
ciency and diversification of energy supply forms and
sources, an alternative supply scenario should be pro-
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jected along with the necessary policy measures. Policy
measures and their effects (both plus and minus effects)
should be assessed deliberately. For example, a tax
incentive or subsidy of high-cost indigenous supply
would contribute to improvement of self-sufficiency but
governmental finance would be adversely affected. If
a high energy price policy is adopted to sustain the
profitability of the energy industry, the consumer’s
welfare, especially the lower income classes, will be
affected. For several alternative projections, economic
and/or non-economic resources, such as funds, tech-
nology and trained manpower, would be required for
realization.

Throughout these processes of planning, the criteria
for comprehensive evaluation should be followed in
order to select the best mix of energy supply sources
under given conditions. Various constraints, such as
limited availability of economic resources, social accept-
ance and so on, should be considered at each step of
the projections, and, of the several alternatives, the
policy-maker must choose the best plan from the
over-all point of view, namely, maximum national
benefit at minimum cost.

These processes of planning could be operated
efficiently and quickly by means of the computerized
energy modelling system discussed above, but in most
of the developing countries, basic conditions are not
sufficiently developed to allow introduction of an ad-
vanced sophisticated system. Above all, it is urgently
required that the energy resource data base be estab-
lished as quickly and precisely as possible.

Even before the preconditions for the energy
modelling system are completed, it would be possible
for developing countries to adopt systematic energy
planning in accordance with their status and conditions.

C. SOME CONSIDERATIONS ON CRITICAL
SUPPLY ISSUES

1. Indigenous production or import

The top priority policy objective for most energy
importing countries is to accelerate indigenous energy
production and development. However, in the short
or medium term, especially in the transition period, it
is expected that a lot of problems will arise.

One of the main purposes in improving the self-
sufficiency of energy by accelerating indigenous pro-
duction is to secure energy supply, and another is to
lessen the heavy burden of imported energy costs on
the balance of payments. But neither of these purposes
is easily attained. For example, new development
projects will contain risks such as possible delays in
completion, unknown reliability, and unexpected cost
increases. Sometimes those risks may be larger than

the risks of imported energy supply in the future.
Also, problems may arise with balance of payments
from the acceleration of indigenous production in the
short run, because new development projects require
capital goods and technologies, most of which are not
available in the domestic markets of the developing
countries and have to be imported. For most of the
energy importing developing countries, the policy of
accelerating indigenous production will be justified be-
cause in the long run indigenous supply will be pre-
ferable to imported energy in terms of security and
cost of supply.

2. Supply diversification policy

The diversification of supply sources and forms
should also have a high priority in energy policy. This
includes not only expansion of non-oil production, but
diversification of oil import sources. However, unless
supply programmes are planned and implemented de-
liberately and harmonized with the demand manage-
ment programme, friction and confusion in the demand/
supply balances of individual sectors or energy forms
may occur during the transition period.

For instance, expansion of coal production or im-
ports can be considered as an oil-replacement measure,
but it is an important question whether substantial
coal demand exists in harmony with the time schedule
of the coal supply programme. It may be possible to
switch from oil or gas to coal for electricity production
and industrial process, but in many cases plants may
have to be remodelled or replaced, which would take
a relatively long time and require much capital ex-
penditure. The grade of coal available may also be
in question. With existing technology, it may not be
possible to transport low-grade coal economically, and
then its uses may be limited. Construction or expansion
of transportation facilities, such as port facilities, rail-
roads, stock yards and so on, for coal requires more
space and is more costly than for oil facilities. En-
vironmental problems in production, transportation and
utilization of coal should not be ignored. Some of
the problems can be solved by development of new
technology, for instance gasification or liquefaction of
coal. The energy policy planner should devise a coal
supply programme with deliberate evaluation of all
these factors.

Sufficient attention must be paid to the oil demand/
supply balance even if oil demand should be reduced
in the long run. The supply diversification policy, if
it is effective, will naturally result in reduced growth
or actual reduction of oil demand, but reduction rates
may be different among the various fractions qf petro-
leum products, such as gasoline, kerosene, diesel oil
and fuel oil. For instance, a shift from oil to cqal
may occur mainly in electricity production and in-
dustrial processes, which are usually consumers of
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heavy oil. In such a case, conversion to coal may
result in a drastic reduction in demand for fuel oil,
causing either a surplus of fuel oil or a shortage of
lighter products. This would have a serious impact
on the domestic oil market as well as the refinery
production pattern.

As one of the measures to secure oil imports,
import source diversification can be pursued. Because
gravities and contents of crude oil vary from one
source to another, diversification of oil import sources
necessitates refineries processing various qualities of
crude oil. In order to cope with such a situation,
the oil refinery industry may have to make a large
investment to remodel plants in order to cope with
changed production patterns in spite of the relatively
low growth of total oil demand. At the same time,
interchange of petroleum products among neighbouring
countries should be actively pursued.

The cases mentioned above are examples of
demand-supply balancing problems in each energy form.
There would be many similar problems in matching
demand and supply appropriately without surplus or
shortage in each form of energy and in each period,
from the short term to the long term.

3. Availability of capital and technology

Generally, essential economic resources such as
capital, technology, skilled manpower and management
ability, which are required to develop energy resources,
are scarce in the developing countries, though the
degree of scarcity varies from country to country. In
particular, big energy development projects with new
innovative technologies have considerable risks and
their lead times are fairly long. In most cases, it is
difficult to implement them without outside assistance.
On the other hand, there is a great need and desire
for developing countries to develop their resources
themselves.

At the time of decision or choice between various
development systems (for example, taking the case of
an oil development system, in choosing between a con-
cession-type agreement, a production-sharing agreement
with an international corporation, or fully nationalized
development using contractors), the policy-makers
should evaluate all factors expected for the future,
and should determine the choice of system from the
point of view of maximizing long-run benefits while
achieving short-term objectives. If they rapidly pursue
a nationalistic type of development, they may fail to
attract the necessary capital and technology.

4. Optimum path from short- fo long-term

Many discrepencies may exist between short-term
and long-term policy objectives. Basically, planners
should focus their attention on long-term objectives,

but cannot ignore short-term problems, as they may
be extremely important from the economic and social
as well as the political point of view. However, de-
cisions on investment, changing of institutional arrange-
ments, pricing and taxation will have long-term effects
which might determine the energy demand-supply
structure in the future,

The policy planners will need an effective method
to find out the optimum path from short- to long-ferm
solutions. A simulation type of energy modelling
system would be effective in assessing and selecting
options of policies and measures. The introduction
of the shadow-price concept may also be important for
investment planning or pricing and taxation planning?

D. GENERAL POLICY FRAMEWORK FOR
SUPPLY MANAGEMENT

In order to achieve the long-term objective of
national energy strategy, securing energy supply through
improvement of energy self-sufficiency and diversifica-
tion of energy supply sources and forms, energy
importing developing countries need a long-term energy
policy framework.

First, in respect of the energy resources data base,
large inputs of money and skilled manpower are needed,
and a long lead time is required for basic research and
surveys.

Secondly, improvement of technological potentials
for energy production should be stressed. Activities
in research and development for new technologies as
well as in the training of manpower for introduction
and adjustment of advanced technologies should be
strengthened. Ideally, these activities should be con-
ducted on the basis of a long-term plan for the develop-
ment of technologies.

Thirdly, the establishment of fund-raising systems
should be noted. Tt might be essential not only to
give high priority to energy financing in the government
budget but also to make arrangements to give incentives
for private investment from both inside and outside

the country.

Fourthly, pricing and taxation policy should be
¢learly stated. In addition, special consideration should
be given to new alternative energy supplies which are
currently not competitive but may become so.

3 Shadow price is a price or valuc worked out with the due regard 10
unpriced social benefits or losses or resources which are not satisfactorily
priced in commercial markets. By using this concept, a planner may be
able to develop the optimum solution consistent with both economic and
social viewpoints.
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AN OUTLINE OF MAJOR ISSUES*
(NR/WGMEPP/3)
INTRODUCTION

_ The purpose of this paper is to present preliminary
information and viewpoints, based on a systematic
approach, which could contribute to the drawing up
of a regional strategy for a collaborative effort among
ESCAP member countries for the optimum energy
development in any of them.

Energy use is pervasive throughout the economy
qf. any country. In the current decade, abrupt transi-
tions in cost and availability of energy are having
far-reaching effects, particularly on the oil-importing
developing countries. It has been a pointer to the
harsh reality that energy production and consumption
patterns are intimately connected to economic viability,
food production, environmental conditions, the lifestyle
of the citizens, policy independence and even the inter-
national status of each country, both developing and
developed.

It is simultaneously a challenge to and an oppott-
unity for the ingenuity of the people of the region
to come closer towards a collective attempt at remould-
ing the future development and use of indigenously
available energy resources, while keeping in view
complementarity among the countries of the region.
Without the vigorous introduction of new supply and
conservation technologies, the difference between pro-
jected energy demand and supply in some countries
may assume ominous proportions. Traditional indi-
genous supply capabilities developed up to the present,
and projected for the near future, appear to be
inadequate to overcome the impending demands.
Balancing the energy budgets through increased imports
of conventional fuels could widen the gap in balance
of payments to an apparently unrealistic level in the
context of anticipated world production rates of liquid
fuels in particular, with a scarcity condition looming
large on the horizon.

It is not appropriate for the countries of the
ESCAP region to undertake a rigorous programme of
energy demand restriction risking a stunted economic
growth, The option is open to them also to consider
the possibility of a shift in the traditional outlook for
energy supply management by considering much wider
groupings of countries of the region, wherever technical
feasibility and economic complementarily co-exist.

The primary requirement would, therefore, appear
to be to organize the essential infrastructure of appro-

* This paper was prepared by Mr. M. K. Chatterjee, consultant on
energy planning, at the request of the ESCAP secretariat. The views
expressed in it are those of the author and do not necessarily reflect those
of the United Nations.

priate institutional development as a nucleus for energy
planning and programming, based on an analysis of
techno-economic data specially collected for the purpose
through systematic effort, culminating in a conscious
choice for an optimum solution to the energy problems
of each developing country of the ESCAP region.

Production of energy being a long lead item, the
developing countries of the region would obviously
need to undertake a number of advance actions on
their own as well as on bilateral or multilateral bases,
drawing on the expertise made available by ESCAP
and/or other international organizations to supplement,
wherever necessary, the expertise obtainable from in-
digenous sources. The line of action, broadly speaking,
may cover:

(a) Intensive survey of indigenous energy re-
sources followed by selective exploration programmes;

(b) Assessment of demand for total energy over
time, broken up into different forms of energy, whether
indigenous or imported;

(c) Analysis of the possibilities of replacement
of imported energy by indigenous resources to the
fullest extent;

(d) Drawing up of a national energy policy based
on which a national energy plan could be prepared;

(¢} Reinforcing techno-economic research capa-
bilities to make use of existing technology developed
elsewhere and/or adapting the technology to suit local
requirements.

All the above activities should be initiated by a
competent team of experts in energy planning, for which
prior training of personnel and proper institutional
facilities are prerequisites. It is therefore necessary
first to build up a national energy planning unit which
could undertake appropriate action in proper sequence.

OBJECTIVES

The Working Group on Energy Planning and
Programming has been constituted as a forum for
identifying the main issues confronting the developing
countries of the ESCAP region and exchanging vi?ws
on the problems and strategies of energy planning,
highlighting policy measures suited to the non-oil pro-
ducing developing countries in particular and assessing
the applicability of various concepts and technologies
already in use in the world. In this respect, a review
and evaluation of the following items is desirable.

(a) The impact of the new world energy situation
on the economies of the energy-deficient developing
countries of the ESCAP region;
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(b) Policy measures already taken or planned
?y individual countries aimed at conserving energy and
improving efficiency in the use and augmentation of
energy supplies, particularly from indigenous energy
resources;

_ {c) Bogtlenecks in the availability of essential
inputs of capital, technology and trained manpower;

(d) Institutional arrangements already in vogue
at the country level.

As a follow-up measure, the possibilities of co-
operation among the developing countries and with the
developed countries of the ESCAP region may be
assessed in such areas as:

{a) Exs;hange of information and experience in
energy planning production and consumption;

i (b) ‘Energy production and consumption techno-
logies which have recently become competitive as a
result of the oil price rise on the international market;

(c) Available energy expertise for mutual aid;

_ (d) Available training facilities in energy plan-
ning /prgduction/ utilization in different countries within
or ou-tﬂde the region and under international/national
organizations dealing in energy matters;

(e) Th_e broad magnitude of financial require-
ments over time for improving or setting up the nuclei
for energy planning/programming in each country.

SCOPE

Since the onset of the new world energy situation,
a general consensus has evolved on the need for
national energy policies and planning. Such a need
was pa.tticularly felt by the energy-importing developing
countries because the effects of the energy crisis on
their economies had been extremely adverse, calling
for every possible action on a country basis and through
collaborative efforts in the ESCAP region as a whole.

The practice of energy policy formulation is of
recent origin, being undertaken seriously during the
1960s, and therefore cannot be qualified as a fall-out
effect of the energy crisis, although stimulated by it.
Following the Hartley Commission’s report of the late
1950s, the OECD countries followed up the idea of
energy policy planning during the 1960s. In 1967,
ESCAP, then ECAFE, issued Comprehensive Energy
Surveys — An Qutline of Procedure* in order to assist
the countries of the region in assembling data for
this purpose. In India, the first ever comprehensive

! United Nations publication, Sales No. 67.ILF.14.

energy survey was carried out between 1963 and 1965,
and a f}llly fledged energy planning unit commenced
fupcponmg from then on under the planning com-
mission. These early attempts, prior to the energy
crisis, considered in great depth the scope and intricate
details of the methodology for comprehensive energy
planning through the application of the analytical tool
of energy balances as an over-all framework for model-
ling the future course of events. The methodology
and analytical tools are amenable to modifications
suiting the needs of individual countries,

Energy policy in each country should reflect to
a large extent the over-all development goals, and
these can be translated into such objectives as the
development of indigenous energy resources, self re-
liance and rural energy supply. Many developing and
developed countries have yet to draw up comprehensive
policies appropriate to their situations. In any event,
the need for an energy policy has been keenly felt
everywhere in order to provide guidelines for emergy
planners to prepare detailed programmes under the
constraints of time, financial and human resources and
limited knowledge of energy supply and consumption
patterns. This has pointed to the basic need for
reliable data on resources, demand aspects and supply
possibilities of energy.

RESOURCES, DEMAND AND SUPPLY

Current statistics for resources, production and
consumption in countries of the region are included in
document NR/WGMEPP/1, and aspects of demand and
supply are considered in document NR/WGMEFPP/2.

It is emphasized that there still remains consider-
able lack of clarity in defining energy reserves and
resources, particularly on an internationally comparable
scale, notwithstanding the efforts of the World Energy
Conference, whose latest publication, Survey of Energy
Resources, 1974, is a significant advance on earlier
data. In that publication, resources and reserves have
been indicated on the basis of a uniform set of assump-
tions and definitions. More recent discoveries have
been advised in government and company statements,
and assessed in various periodicals, but it is by no
means clear whether these additions have been stated
on a comparable basis. The next report by the World
Energy Conference is expected in 1980.

It is possible that extensive drilling carried out
by oil companies in the sedimentary areas of many
of the countries of the region may have indicated
considerable resources of coal although these may not
have been reported. Therefore, the result of explora-
tion effort in oil-importing developing countries in
particular may be carefully studied for any indications
of the existence of coal resources. In developing coun-
tries, coal production is likely to be limited to meet
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local demand. The emphasis, therefore, is to be on
tapping a simple, low capital cost industry with
minimum mechanization. In most of these countries,
serious efforts in exploration and development and
the linking of technologies, markets, finance and trans-
port facilities through national planning, supported as
necessary by international co-operation in the region
as a whole, could be the immediate task.

Because of the labour-intensive nature of the coal
mining industry in developing countries of the region,
the machinery supply problem would not be so limiting
a factor, but it would be essential to have an uninter-
rupted supply of steel or wooden roof support for
underground mines, conveyor belts, ventilation equip-
ment, electric cable and explosives. Adequate infras-
tructure facilities would be required.

In regard to oil and natural gas, most countries
have had some experience with transnational companies,
and are aware of the costs, time-scale and infrastructure
required.

On the other hand, hydroelectric resources are
normally developed by government agencies, sometimes
with the assistance of consultants. In view of the large
untapped potential in several countries in the region,
Governments are in a good position to plan future
developments.

In the case of nuclear fuels, exploration seemed
generally to be in the hands of private companies until
recently, and increased government interest may result
in further significant finds. Very few of the countries
are likely to be able to use nuclear fuels as such, but
there are good possibilities for export.

One of the difficulties still apparent, particularly
for developing countries, is the lack of reliable data
on non-conventional energy resources, and it is neces-
sary to evaluate the availability and effective cost of
these forms of energy in considering a policy approach.
The use of wood for cooking in many countries, and
the use of cow-dung as a fuel and also as an input to
biogas plants, are well established. Attemps are being
made to use other inputs to produce biogas, but
economics must be considered carefully. Solar energy
and wind energy are used in some areas only. Geo-
thermal potential needs expert evaluation.

In the short term, energy policies centre around
the management of energy demand. The introduction
of measures to cut down on wasteful processes, and
the stressing of conservation would be a necessary
step, in order to use less energy for the same output.
Import policies would have to be reassessed, both in
the short term, and in the medium and longer terms,
related to the survey, exploration and development of
indigenous energy resources which it is hoped would
gradually assume a larger share of supply.

For any country, the specific policy will be subject
to both internal and external constraints, and it is not
feasible to evaluate or judge the policy of a particular
country. However, general patterns of policy may
be sought.

On of the points that is obvious, but should be
stressed repeatedly, is the need for realism in assessment
of resources, consideration of time-scale for develop-
ment (and, in some cases, social and environmental
acceptance) and in forecasting demand trends. De-
partures from realism may result in much-magnified
variations in incremental demand, and possibly high-
cost imports.

ALTERNATIVE ENERGY STRATEGIES

With the dramatic changes in the price of imported
energy, the prospects of utilizing indigenous coal re-
sources for balance of payments and security of supply
reasons have considerably improved in the region.
This factor is now leading many countries in the area
to reappraise their energy supply options in both their
medium-term and longer-term plans. Earlier optimistic
assessments of the additions of nuclear power as a
principal substitute for petroleum energy are now being
revised downwards in a number of countries in the
region. It is now realized that if capital costs, capacity
utilization, lead time and capital carrying charges are
properly considered, and adequate cost penaltie