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Washington, D. C. 20433

U.S.A.

A. W. CLAUSEN
President

April 25, 1983

MEMORANDUM TO THE EXECUTIVE DIRECTORS

Subject: The Energy Transition in Developing Countries

1. The last comprehensive report on this subject, Energy in the
Developing Countries, was reviewed by the Executive Directors in July
1980. Since then, the developing countries and the Bank have gained
valuable additional experience in energy. The Bank's activities in the
sector have also expanded substantially. Energy lending has doubled
since FY1979 and there has been a much sharper increase in oil and gas.
In parallel, under the joint UNDP/Bank Energy Assessments Program,
missions have been fielded in over 30 countries and a follow up Energy
Sector Management Program has been launched to assist governments in
implementing the recommendations of the energy assessment reports. The
lessons learned in the course of this operational involvement form the
basis of the analysis and conclusions contained in this report.

2. This analysis confirms that despite the recent drop in oil
prices, the Bank should continue to accord a high priority to the energy
sector in its overall program. Accelerating domestic production of
energy and programs to use energy more efficiently will be an essential
feature of the overall process of structural adjustment in the developing
countries and will lay the basis for their sustained economic growth.
The successful completion of the adjustment process in the energy sector
will entail a major increase in the allocation of investable funds to the
sector, both for energy production projects and for retrofitting programs
to conserve energy. The report estimates that, over the next decade, the
developing countries will need to invest about $130 billion per year in
the energy sector, about half of it in foreign exchange. This represents
a major expansion over the current level of external financial flows to
the energy sector in developing countries and it underlines the urgency
of expanding these flows from all sources--public and private, debt and
equity. A concomitant effort to strengthen the management and
institutional framework for the energy sector will also be necessary iTn
most developing countries.

3. The Bank has an important contribution to make in assisting
developing countries overcome the resource and managerial constraints in
the energy sector. Bank financing plays an important catalytic role by
attracting other investors and lenders to participate in high priority,
economically sound and financially attractive projects. More
importantly, the report demonstrates the wider catalytic role that the
Bank plays in the countries themselves--in terms of policy advice,
institutional strengthening, technology transfer and improved project
selection, design and implementation. As shown in this paper, the scope





and the need for Bank involvement in this vital sector are both great.
Consequently, we propose to continue with a diverse program of energy
activities, within the constraints of overall resource availability and
the guidelines on sector allocation that have been agreed by the Board.
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SUMMARY

The Global Setting

1. The world entered an era of higher energy costs almost a decade
ago. The transition was an abrupt one and most developing countries have
still not adjusted their energy consumption and production patterns fully
to reflect the higher cost of energy, and particularly imported oil whose
price has increased fivefold in real terms since 1973. This adjustment
process entails a wide range of actions: increasing the efficiency of
energy use through rational pricing and other demand management measures;
undertaking a vastly expanded and more diversified program of investments
to develop indigenous energy resources where these are cheaper than
imported energy; reorienting industrial, agricultural and transport
development strategies to take account of the higher costs of energy; and
strengthening the institutional and management capability in the energy
sector to carry out these tasks effectively. The transition process is
particularly difficult for the oil importing developing countries. They
must raise the resources for an expanded program of energy investments to
reduce their dependence on oil imports while at the same time continuing
to pay for these imports until the investments mature. The issues are
similar in several oil exporting developing countries. They too, must
restrain the growth of oil consumption and promote the utilization of
other energy resources in order to maintain the flow of oil export
revenues.

2. Developing countries account for a quarter of the world's
production and a fifth of the world's consumption of commercial energy.
Their shares of both consumption and production are rising rapidly. By
1995 they will account for a third of the world's production of
commercial energy and a quarter of the world's consumption. Thus, as a
group, the developing countries will continue to be net exporters of
commercial energy to the rest of the world. Underlying these figures is
a combination of slower commercial energy consumption and accelerated
indigenous energy production in the developing countries compared with
the past. Between 1980 and 1995, GDP growth in the developing countries
may be slightly lower than in the 1970s (4.8 percent a year vs. 5.1
percent a year), but the rate of growth in their commercial energy
consumption is expected to fall appreciably, from 5.9 percent a year in
the 1970s to 4.5 percent a year in 1980-95. In contrast, the growth in
commercial energy production in the developing countries is projected to
accelerate to 4.2 percent a year in 1980-95 compared with 3.6 percent a
year in the 1970s. This pattern is repeated in the oil importing
developing countries; as a result they are able to reduce the growth in
their net imports of oil from 6 percent a year in the 1970s to about 2
percent a year in 1980-95.

3. These projections are, of course, subject to many uncertainties
and assume that developing countries will take strong action to improve
the efficiency of their energy use and will be able to undertake the
necessary investments to exploit economic opportunites for substituting
imported oil by other cheaper energy sources - domestic or imported.
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4. The urgency of these measures is not alleviated by the recent
softening in international oil prices. Although oil prices have dropped
sharply over the past year, they remain considerably higher than the
prices that prevailed only four years .ago. Moreover, while the movement
of oil prices remains unpredictable over thet short-term, most analysts
agree that oil prices are likely to rise again in real terms during this
decade. Energy strategy and investment plarLning decisions must be made
on expectations about price in the late 198Cs and the 1990s. Hence, a
temporary decline in the price oiE oil should. not detract attention from
the longer-term importance of reducing dependence on imported oil that is
considerably more expensive than.many available alternatives.

Increasing Energy Efficiency

5. Recent experience and analysis have confirmed that developing
countries can improve the efficiency of energy use in virtually all
sectors. This requires a wide range of measures, of which rational
energy pricing has proved to be particularly important. A review of the
current state of energy pricing shows that oil importing developing
countries have in most cases already passed on the higher costs of
imported energy to final consumers. But most oil exporters continue to
price oil in their domestic markets below its opportunity cost. In both
groups of countries there are still imbalances in the relative price of
petroleum products and substantial improvements need to be made to bring
the price of domestically produced fuels (principally electricity but
also coal and gas) more in line with the opportunity costs of supply.

6. Experience has shown that appropriate pricing usually needs to
be supplemented with other demand! management measures such as promotional
or educational efforts along with training and technical assistance.
Effective demand management programs must be selective in their focus and
employ specifically designed strategies to meet the needs of different
sectors or user groups. For the larger energy users -- such as large
energy intensive industrial plants, large public and private transport
enterprises and electric power utilities -- direct government assistance
and support may be necessary to identify and realize the substantial
savings that can be achieved through better energy management,
maintenance, and other low cost improvements as well as through large
investments in retrofitting and process change. For the smaller users in
all sectors, the prioril:y is to develop the relevant policies conducive
to conservation as well as suitable institutions to provide them with the
information, incentives and know-how to improve their own energy
efficiency.

Increasing Energy Supply

7. Developing countries can reduce energy costs significantly by
investing in their indigenous energy resources. A review of the supply
potential and market requirements in developing countries indicates that
their production of commercial energy could rise from 1.7 billion tonnes
of oil equivalent (toe) in 1980 to 3.1 billion toe in 1995. A third of
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this increase would be in the production of oil, 27 percent in coal, 22
percent in natural gas and 19 percent in primary electricity (mainly
hydro and nuclear power). Achieving such a sizeable increase in energy
output will require action on several fronts. First, most developing
countries need to formulate clear strategies on how to use the several
available means of accelerating the identification, evaluation,
development and marketing of each indigenous energy resource. Second,
they must embark on a focused program of pre-investment work to minimize
the possibility of expensive mistakes in large, complex energy
investments. Third, there is a need to strengthen the management of the
energy sector, both in national planning and policy formulation as well
as in the capacity of individual energy enterprises to implement and
operate projects of growing complexity. Finally, and most importantly, a
massive effort is required to mobilize both domestic and external
resources for investment financing.

Energy Investment

8. The Bank estimates that achieving the projected level of energy
output in developing countries requires an average annual investment of
about US$130 billion (in 1982 dollars) over the next decade, or a
doubling of the share of energy investments in GDP from about 2-3 percent
of GDP during the late 1970s to an average of about 4 percent of GDP over
the next decade. This is a major financing problem even allowing for a
reallocation of resources from other sectors, and it underlines the need
for the greater effort to mobilize energy financing from all possible
sources, including both official and commercial, debt and equity. This
effort will be necessary and justified under a wide range of plausible
scenarios concerning future oil prices. The bulk of the projected
investments would still be advantageous to developing countries even if
the price of oil settles at a relatively low level (say US$25 per barrel
in 1982 dollars). Thus, the above estimate of investment requirements
constitutes a reasonable planning assumption.

9. About half of the projected investment requirements, i.e. US$64
billion per year, is in foreign exchange. This foreign exchange
requirement compares with an estimate of US$25 billion for the actual
flow in 1982 of external capital to finance energy investment in
developing countries 1/. Hence, these flows will need to expand by about
15 percent a year in real terms to meet developing countries' foreign
exchange financing requirements over the next decade.

10. Over half of the foreign exchange required for energy
investments is in the middle-income oil exporting countries, which are
generally in a better position to raise commercial loans and attract

1/ Based on available data on flows of publicly guaranteed debt in 1980 and
making some allowances for the addition of non-guaranteed debt, direct
private investments and real growth in guaranteed debt from 1980 to 1982.



- iv -

direct investments. However, financing for the low-income countries is
much more constrained. They are estimated. to require 16 percent of the
foreign exchange flowing to all developing countries but receive only 9
percent of publicly guaranteed external credits and an even smaller share
of other external capital. For these low-income countries in particular,
it is essential that greater support from official sources be provided,
particularly in the form of concessional credit consistent with their
overall debt servicing capacity.

11. A sectoral analysis of financing requirements and of past
external flows highlights the need for a quantum increase over current
levels in the external capital flows for oil and gas investments. This
problem is particularly severe for the oil importing developing countries
whose petroleum investment requirements are rising sharply and where the
prospects for direct equity investments or for non-recourse project
financing are much more limited. Financing from all sources, both
official and commercial, will need to be increased if the financing gap
in this sector is to be filled.

12. The mobilization of adequate local resources for energy
investment will be equally important. Appropriate pricing policies will
be critical to ensure a reasonable degree of internal cash generation to
meet dotestic investment requirements. Past reliance on budgetary
transfers to the energy sector has had acdverse affects on the autonomy
and operational capacity of energy enlerprises in many developing
countries. Improving domestic resource mDbilization is vital given the
likely scarcity of external capital which make it unrealistic to rely on
external financing of domestic costs, except in the most unusual
circumstances. To a large extent, the mobilization of adequate domestic
resources will be attained only if the prices of electricity, coal, oil
and gas fully reflect economic costs of supply. Further, augmenting
operational efficiency and strengthening the financial structure and
procedures of energy enterprises shou:Ld also make a substantial
contribution to resource mobilization.

Energy Sector Strategies

13. Making more efficient use of available financial resources
requires the explicit formulation of a development strategy in the sector
and a program for policy reform and institutional strengthening.
Experience indicates that these issues are most effectively addressed for
the energy sector as a whole, establishing relative investment priorities
and pricing policies that take account of substitution opportunities
among different fuels. Mobilizing domestic and external financing and
developing a framework to focus the use oif external technical assistance
are also best handled at the sectoral level. However, a number of
specific issues also need to be tackled in each energy sub-sector.

14. The power sector illustrates the need to improve strategic
planning even in the most established energy subsector in developing
countries. The increase in oil prices and the greater capital intensity
of non-oil based power generating capacity have increased the complexity
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of power system planning. There is also a greater need to improve plant
operating efficiency and reduce transmission and distribution losses.
These measures are particularly cost effective and significant not only
because power is usually the largest item in the public investment
programs of developing countries, but also because changing the mix of
electricity generation will probably be the most potent means of
achieving inter-fuel substitution in most developing countries. Between
1980 and 1995, oil based electricity generation is projected to decline
from 26 percent to 7 percent of total generation, with shares of coal and
gas fired thermal, hydro power and nuclear electricity all rising to
offset this change.

15. A sharp acceleration in oil exploration and development is
required, particularly in the oil importing developing countries. To
achieve this, governments need to formulate clear and realistic petroleum
development strategies which would define the contribution that could be
made by various sources of technological knowhow and finance. These
sources include domestic and international private oil companies,
commercial and official credit agencies and the national oil company.
Countries must identify acreage suitable for promotion to international
oil companies and the measures needed to establish an attractive
contractual and operating environment; establish a national capacity to
monitor and manage exploration activity in the country; and, where
appropriate, strengthen the ability of the national oil company to engage
directly in petroleum exploration and development.

16. Natural gas resources exist in about 50 developing countries,
including about 30 which are currently oil importers. However, there has
been little systematic exploration specifically aimed at discovering
natural gas. Even when gas discoveries have been made, development has
been slow because of market considerations, lack of infrastructure and
the absence of a coherent gas development program. In general, the cost
of gas production is lower and the potential domestic demand higher and
more diversified than previously believed. However, the economics of gas
use are highly site and project specific and the formulation of a
national gas development strategy requires complex and difficult
analysis. Thus, in parallel with efforts to explore and appraise gas
reserves, an active effort is needed to promote the use of gas, clarify
pricing and related contractual arrangements and to provide the necessary
infrastructure to use this fuel. Few developing countries have either
formulated such an integrated strategy for the exploration and
utilization of gas or developed an institutional capability for doing so.

17. In nearly all coal producing countries, recurrent constraints
are the absence of a coherent strategy, poor coordination between coal
production, infrastructure and utilization projects, and an institutional
framework which is characterized by limited managerial expertise and a
range of bureaucratic obstacles. Similar problems also affect the
planning and implementation of programs to import coal as a substitute
for more expensive oil. Without major improvements in these areas, it is
unlikely that many developing countries can take advantage of coal's
substantial competitive advantage over oil.
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18. Geothermal resources are widely distributed but only nine
developing countries have so far constructed geothermal power generation
facilities. Several other countries have good geological prospects and a
sizeable potential market for geothermal electricity, but the development
of this resource is limited by a lack of data and institutional drive. A
carefully phased program of reconnaissance work, market surveys,
geophysical surveys and exploratory drilling is needed to realize the
geothermal potential of these countries. However, several institutional
issues, including pricing, will need to be addressed before such a
program can be effectively implemented.

19. In all developing countries, a major effort will be needed to
counter the overcutting of trees to provide fuelwood or charcoal. These
fuels are the principal sources of energy for a large proportion of
developing country households, including low-income families in urban
areas. Recent studies have confirmed earlier evidence on the extent and
severity of a growing fuelwood crisis in a large number of developing
countries. The need to expand dramatically reforestation efforts and to
improve the efficiency of wood use through better designed cookstoves and
charcoal kilns is now widely recognized. However, even though recent
experience has identified the constraints that need to be overcome, the
mounting of effective large scale programs of afforestation and improved
cookstove dissemination has been slow and often ineffective. These
constraints include an inadequate infrastructure and institutional
capability, the difficulties of mobilizing strong local participation in
tree planting programs and the lack of appropriate technical packages for
specific areas. It is also clear that greater emphasis should be placed
on low cost approaches to tree-planting that are more closely attuned to
people's perceived needs and better integrated with their agricultural
pursuits. Moreover, many countries need to give higher priority to
fuelwood and rural energy problems generally. Stronger international
technical and financial assistance is also called for to help step up
investment efforts and strengthen national institutions.

20. The recent anticipation that developing countries would be able
to harness the enormous potential resources of renewable energy has not
yet been fulfilled for two principal reasons. First, the development,
adaptation and application of certain technologies such as photovoltaics
and biogas digesters, has proved more difficult and their costs have not
come down as quickly as was initially forecast. Second, the
institutional and po:Licy framework for assessment and commercialization
of suitable technologies has been weak. Heightened national and
international efforts in the areas cf resource measurement; planning and
marketing studies; research, development and testing; and pilot and
demonstration projects can all help materially to spread the use of the
solar, biomass, wind and other renewable technologies that are already
commercially viable for many uses.

The World Bank's Energy Program

21. The principal objective of the World Bank's energy program is to
assist developing countries to define and implement appropriate
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strategies to meet the urgent needs outlined above. The urgency and the
magnitude of structural adjustments necessary in the energy transition
imply much greater attention to policy and management issues,
preinvestment studies to formulate better strategies for energy supply
and utilization and the mobilization of financing for the large
investments required. The Bank has responded to these needs and
attempted to function as a catalyst in promoting strategy formulation,
policy reform and institutional strengthening; and in mobilizing the flow
of technology and finance to implement effectively the changed investment
priorities in developing countries. It has expanded and diversified its
energy lending and is putting greater emphasis on providing advice and
technical assistance to its borrowers.

22. Jointly with the UNDP, the Bank has launched the Energy Sector
Assessment Program designed to provide a rapid evaluation of the main
energy issues and options in 60 countries and to serve as a framework for
multilateral and bilateral technical assistance in the sector. This
program is being followed by an Energy Sector Management Program designed
to provide a rapid and flexible response to governments who request
technical or management assistance in implementing the strategy proposed
in the energy assessments and in carrying out pre-feasibility studies to
identify priority energy projects.

23. The Bank is the single most important official source of
external capital for energy development in the developing countries. Its
energy lending (including IDA credits) has doubled from US$1.5 billion in
FY79 to US$3.4 billion in FY82. Further, the Bank has made a special
effort in the energy sector to mobilize additional external financing and
promote opportunities for direct private investment. During FY79-82, the
US$10.1 billion of Bank lending for energy was associated with another
US$11.2 billion of cofinancing from other external sources.

24. In financing energy projects, the Bank has sought to build on
its traditional strengths in assisting in project selection and
implementation through better sector analysis, transfer of technology and
strengthening of institutions and sector management capacity. The Bank's
approach to project financing has emphasized the review of sector
objectives, priorities and investment options. The dialogue with
national policymakers covers a wide range of issues such as demand
management and pricing, interfuel substitution, investment planning,
resource mobilization and the respective roles of public and private
agencies in the development of the sector. This work has made an
important contribution in helping to define "energy' as an integrated
sector in many developing countries.

25. In recognition of the developing countries' needs, the Bank has
increased its involvement in the petroleum sector, where its presence
helps overcome the constraints impeding the acceleration of exploration
and development activity. The Bank has helped countries in formulating a
sound strategy which takes account of the need to offer international oil
companies a contractual and operating environment that is attractive,
stable, and consistent with the country's interest. This has involved
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the financing of data acquisition and technical assistance designed to
accelerate the competitive offering of neaw acreage to the international
petroleum industry on reasonable terms. The preliminary results of such
exploration promotion projects have been encouraging. The Bank has also
been ready to support the allocation of public resources to petroleum
development when it is convinced that this is an appropriate feature of
the country's optimal sectora:L and natiortal development strategy, as is
the case when the priorities of the international petroleum industry do
not match the priorities of the country.

26. While the need and the scope for increasing the scale of Bank
involvement in the energy sector is clearly considerable, there is a
definite resource constraint. The Bank's energy lending cannot exceed
about 25 percent of its total lending without curtailing its lending for
other high priority investments below acceptable levels. Applying this
guideline, the Bank's energy lending in FY83-87 is unlikely to exceed
approximately US$4 billion a year on average (1983 dollars), growing in
line with aggregate lending by the Bank. Despite the scarcity of IBRD
and IDA resources, continuation of Bank involvement at this level is
justified by the priority that the energy sector has in the overall
adjustment process for many develo-ping countries, by the complex and
substantial adjustment that is urgently required within the energy sector
in member countries, and by the very large volume of financing necessary
to carry out this energy sector adjustment in all countries.
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CHAPTER I

THE ENERGY OUTLOOK

1.01 The fivefold increase in real international oil prices over the
past decade 1/ has had profound effects on balance of payments and growth
prospects in developing countries. While the recent easing of the
international oil market has temporarily reduced the burden of energy
imports for many countries, the more fundamental challenge facing both
industrialized and developing countries remains unchanged: managing the
process of transition to an era of high-cost energy. This will entail
heavy investments to develop sources of energy which are more economical
than the import of oil; the management of energy demand through pricing
and other measures to increase the energy efficiency of economic
activity; and improved macro and sectoral management to cope with
problems of resource mobilization, technology transfer and coordination
among energy enterprises and ministries.

1.02 Developing countries have made big strides in the adjustment
process, particularly following the doubling of oil prices in 1979/80.
However, progress has been uneven and much remains to be done to tap
their potential energy resources and to maintain the momentum of economic
development despite the higher costs of energy. The purpose of this
report is to reexamine these strategic issues, mainly from a developing
country perspective, in the light of the experience gained in recent
years, and to reevaluate the financial and institutional constraints on
the effective management of the energy transition. 2/ This analysis also
provides a basis for reexamining the rationale for the World Bank's
activities in the energy sector, which have expanded significantly in
recent years (see Box 1.1 on the World Bank's Energy Program).

A. The Global Setting

1.03 The recent slowdown in the growth of world energy consumption

has led many to question whether the traditional relationship between
energy consumption and economic growth has been altered permanently . It
is clear that energy conservation measures and the price-induced fall in
the consumption of energy-intensive goods and services have added
significantly to the fall in energy demand attributable to the world
economic slowdown. However, there is still no widespread agreement on

1/ Based on the weighted average official selling price (in 1982
US dollars) of light crude oil (340 - 34.9° API, marker crude)

from OPEC countries for the period 1972-1983.

2/ The last major report by the World Bank on this subject was Energy in
the Developing Countries, August 1980.
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the relative importance of these factors, or on how closely these recent
trends will be reflected in the Luture relationship between energy
consumption and economic growth. Moreover, the future pace of world
economic growth is itself uncertain. Consequently, there is a wide range
of opinion on future trends in consumption of energy, particularly oil,
and their implications for the price of oil. The projections of energy
supply and demand in this report are also subject to these uncertainties
and should not be interpreted as firm foreacasts. The main objective of
presenting these projections is to Firovide a plausible global framework
for energy supply and demand in which to discuss policy and strategy
issues as they affect developing countries. Moreover it is important to
note that while the actual energy consumption projections will change
under alternative assumptions of econom-Lc growth or relative energy
prices, even relatively large changes in these parameters have virtually
no effect on the report's conclusions and recommendations regarding
energy policy and strategy in the developing countries.

1.04 World energy consumption is projected to grow at 2.3 percent a
year during the 1980-95 period, or somewhat more slowly than the 3
percent annual growth rate of the 1970s (see Table I.1). The future
pattern of energy consumption is likely to differ markedly from that of
the 1970s. Oil consumption, which was stagnant in 1982, is expected to
grow by less than 1 percent a year during the next decade. While oil
accounted for about 43 percent of the increase in global energy consump-
tion between 1970 and 1980, it is projected to contribute only 10 percent
of the increase during the 1980-95 period--largely because countries are
developing and using other sources of energy that have now become
economic. Among these other sources, the most significant change will be
for primary electricity--mainly hydro and nuclear power generation--whose
share in global consumption is projected to rise from 9 percent in 1980
to 15 percent in 1995. Coal will contribute 36 percent of the increase
in global consumption during 1980-95, compared to 20 percent during the
previous decade, but its share of the total will not change
significantly. The share of natural gas in global consumption will
increase slightly, to about 20 percent (see Figure I.1).



Figure 1.1: Shares of Fuels in World Energy Consumption, 1970-95
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Table I.1: World Commercial Primary Energy Consumption, 1970-95 a/

Million Toe b/ Growth Rate (% p.a.)
1970 1980 19S5 1970-80 1980-95

Oil 2311 3067 3355 2.9 0.6

Coal 1475 1825 2821 2.2 2.9
Natural Gas 889 1241 1930 3.4 3.0
Primary Electricity c/ 328 611 1423 6.4 5.8
TOTAL 5003 6744 9529 3.0 2.3

Percentage of Total Percentage of Increase

1970 1980 1995 1970-80 1980-95

Oil 46.2 45.5 35.2 43.4 10.3
Coal 29.5 27.1 29.6 20.1 35.8
Natural Gas 17.8 18.4 20.3 20.2 24.7
Primary Electricity c/ 6.5 9.0 14.9 16.3 29.2
TOTAL 100.0 100.0 100.0 100.0 100.0

a/ Energy consumption includes bunkers.

b/ Toe = tons of oil equivalent

c/ Primary electricity comprises electricity generated from hydropower,
nuclear energy or geothermal resources. Throughout this report, primary
electricity is converted into tons of oil equivalent at thermal
replacement value, assuming an average conversion efficiency of about 34
percent. See Annex 2 for conversion factors.

Sources: United Nations J Series and World Bank estimates.

1.05 A major assumption underlying the projections is that the
current softening of oil prices will not cause any fundamental change in
the long-run trend of rising oil prices. Oil prices will no doubt
fluctuate in the future as supply and demand conditions change in the
world oil market, but there is little likelihood that the decline in oil
prices caused by the current overcapacity in oil production will last
beyond the mid-1980s. The recent reduction in oil prices has been
brought about by a reduction in demand resulting from recession,
conservation and substitution by other fuels, combined with a sharp
increase in supply from nontraditional producers whose oil resources can
be developed profitably at these higher prices. Between 1980 and 1982
world oil consumption dropped by four million barrels/day, or about 6.5
percent. Over the same period, the average official OPEC price (in US
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dollars) declined by 4 percent: in real terms 1/. Because of continued
depressed demand, spot prices have been well below term prices since the
final quarter of 1982, leading to a reduction in the price of marker
crude from $34 to $29 per barrel by the first quarter of 1983. Depending
mainly upon the timing and strength of economic recovery in the
industrial countries, and OPEC's ability t:o restrict its production, oil
prices may drop further in 1983.

1.06 While the exact movement of oil prices in the short term remains
highly unpredictable and oil prices may be unusually volatile for many
years, the issue relevant to energy strategy and investment planning is
the range of prices expected in the late 1980s and 1990s. Analysts do
not expect a low price, say in the range of US$20-25 per barrel, to be
sustainable in the longer run for the following reasons. First, it would
cause a much sharper increase in the demand for oil (than projected in
Table I.1, for example), both because total energy demand would grow more
quickly and because a larger share of this demand would be met from oil,
whose price would be 'Lower relative to prices of other fuels. Second, on
the supply side, this additional demand for oil could only be met outside
OPEC sources by developing those petroleum resources whose cost at the
margin would be higher than US$20-25/bbl. It is now generally agreed
that giant oil fields which could be developed at lower costs than this
are highly unlikely to be discovered, and recent experience has also
shown that synthetic fuels, which could substitute for oil, are likely to
be much more expensive than was initially envisaged.

1.07 In short, while there is considerable uncertainty about the
precise rate of the price increase in the next decade, it is extremely
unlikely that the price of oil in the mid L990s will be below its current
level in real terms. Developing countries need to plan on this
assumption and to accord a high degree Df priority to increasing the
efficiency of energy use, reducing energy costs by replacing oil imports
with cheaper domestic or imported fuels, and improving the management of
the energy sector.

1/ The real change in terms of other currencies is different. In terms
of yen and French francs, the real price increased in 1982 compared
to 1981.
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B. Developing Countries 1/

1.08 Following a slowdown in economic growth to 1.9 percent a year
during 1980-82, GDP in developing countries is forecast to grow at an
average annual rate of 4.4 percent during 1982-85, increasing to a rate
of 5.4 percent during 1985-90 and 5.5 percent during 1990-95. The
average rate of 4.8 percent a year for 1980-95 compares with 5.1 percent
a year in 1970-80 and 5.9 percent a year in 1960-70. Future energy
production and consumption in developing countries will depend to a large
extent on whether these projected GDP growth rates are achieved. 2/ The
projections made in this report also assume the successful implementation
of investments, management reforms and policy changes in the energy
sector affecting the management of both supply and demand.

Commercial Energy Consumption

1.09 Developing countries account for a small but growing share of
the world's commercial energy consumption (see Figure I.2). During the
1970s their demand for commercial energy grew at nearly 6 percent a year
and their consumption of oil at much the same rate. After the sharp oil
price increase of 1979 and the economic recession that followed, commer-
cial energy consumption in these countries stagnated during 1980 and
their demand for oil decreased slightly--by about 5 million toe.

1.10 Based on the projections of economic growth and energy sector
developments stated in para 1.08 above, in 1980-95 commercial energy
consumption in the developing countries is projected to grow at 4.5
percent a year, i.e. at a lower rate than in the 1970s. The growth in
their demand for oil is projected to decrease sharply to about 2.7
percent a year, or less than half the figure for the 1970s (see Table I.2
below.) Despite this slowing down, energy consumption in the developing
countries will continue to grow faster than in the rest of the world,
partly because their economies are growing faster and partly because
increasing industrialization and urbanization will entail a rapid
increase in their commercial energy use. As a result, their share in
global energy consumption will increase from a fifth in 1980 to just over
a quarter by 1995 (see Figure I.2). This implies that almost half of the
projected increase in global energy consumption over the 1980-95 period
will take place in the developing countries. In oil, the developing

1/ For analytical purposes, countries are classified into four groups
(following the World Development Report, World Bank, 1983):
industrial market economies, centrally planned economies, capital
surplus oil exporters and developing countries. Annex 1 lists in
each group the countries that have a population of more than one
million and some countries with smaller population but with
significant oil, gas or coal production.

2/ This is, of course, a two-way relationship: these economic growth
projections are themselves unlikely to be achieved without the
necessary incease in energy production and supply.
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countries' share of incremental global consumption will be greater than
100 percent, because oil consumption in the rest of the world is
projected to decline in this period. Within the developing countries,
the share of oil in commercial energy consumption is projected to drop
from 47 percent in 1980 to 36 percent by 1995. As in the world at large,
this will be offset by significant increases in the shares of primary
electricity and natural gas.

Table 1.2: Gmmercial Primary Energy Consumption in Deivelopirg Countries, 1970-95

Million Toe Growth Rate (% p.a.)
1970 1980 1995 1970-80 1980-95

Oil 355 626 934 5.8 2.7
Coal 298 494 940 5.2 4.4
Natural Gas 47 95 324 7.3 8.5
Primary Electricity 56 130 396 8.8 7.7
TOTAL 756 1345 2594 5.9 4.5

Sources: UN J Series and World Bank estimates.

1.11 These aggregates are strongly influenced by the energy demand
and supply patterns in a few major countries (see Figure I.3). China
aLorce accounted for about 30 percent of the commercial energy consumption
in developing countries in 1980 and about 60 percent of the coal used in
these countries. Three other countries (Brazil, India, and Mexico)
account for a further 20 percent of the total, and the twelve largest
commercial energy users account for over two thirds of all the energy
consumed by 131 developing countries Moreover, the figures in Table I.2
do not reflect the importance of oil for most developing countries
because they are heavily influenced by the coal-based energy consumption
patterns of China and India. In developing countries other than China
and India, the share of oil in total commercial energy consumption in
1980 was 61 percent and is projected to fall to 44 percent by 1995.

Commercial Energy Production

1,12 Programs to increase domestic supplies have been stepped up in
almost all developing countries. Because of long lead times, the full
Jmpact of these programs has yet to be felt, but most of them have been
successful. New reserves have been identified for a variety of energy
sources--most notably oil and gas--and projects to develop already known
reserves of petroleum, coal and hydropower are underway in many
cotntries. Over the last decade a number of developing countries
switched from being oil importers to exporters of oil, including Congo,
Malaysia and Peru. Several countries mroduced oil for the first time
yror example, Cameroon, C''hani.. GCa emala, 'vo-, Coast. Thailand and
7ai re),
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1.13 As Table 1.3 shows, the 3.6 percent a year increase in develop-

ing countries' commercial primary energy production during the 1970s is
expected to be surpassed during the next fifteen years, even though their
energy consumption will grow more slowly than in the past. Whereas these
countries produced about one fourth of the world's commercial energy in
the 1970s, they are expected to supply about one-third by 1995. As such,
they will contribute around half the increase in global production of
commercial energy in 1980-95 (see Table I.4).

1.14 As in consumption, the growing importance of developing
countries, including the currently oil exporting developing countries, is
especially marked in oil, where their share of global production is
projected to rise from 30 percent in 1980 to 41 percent in 1995. (See
Figure I.4). Much of this additional oil production will be consumed
domestically. However, the developing countries will continue to be net
suppliers of oil in international trade; their surplus is projected to
increase from 293 million toe in 1980 to about 440 million toe by 1995.
Natural gas production in developing countries is also expected to
outstrip consumption, reflecting the growth of their gas exports to
industrialized nations. In coal, however, the growth of coal imports by
15-20 countries will mean that developing countries as a group will
become net importers, to the extent of about 54 million toe by 1995.

Table I.3 Commercial Primary Energy Production in
Developing Countries, 1970-95

Million Toe Growth Rates (% p.a.)
1970 1980 1995 1970-80 1980-95

Oil a/ 774 919 1375 1.7 2.7
Coal 294 502 886 5.5 3.9
Natural Gas 52 116 424 8.4 9.0
Primary Electricity b/ 56 130 396 8.8 7.7
TOTAL c/ 1176 1667 3081 3.6 4.2

a/ Includes natural gas liquids and oil production from secondary recovery
techniques.

b/ Includes hydro, nuclear and geothermal electricity.

c/ Excludes alcohol, oil shale, tar sands and other non-conventional primary
energy sources which may add a small amount (up to 10 million toe or less than
0.5 percent) to developing country .energy production by 1995, but whose
prospects are too uncertain to quantify.

Source: Table III.1.
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Table 1.4: Share of Developing Countries in World Incremental Production
and Consunption of Conmercial Prinary Energy

(Percent)

1970-80 1980-95

Production
Oil 20.5 158.3
Coal 57.6 38.6
Natural Gas 18.8 44.7
Primary Electricity 26.1 32.8
TOTAL 29.0 50.8

Consumption
Oil 35.8 106.9
Coal 56.0 44.8
Natural Gas 13.6 33.2
Primary Electricity 26.1 32.8
TOTAL 33.8 44.8

Source: World Bank estimates.

1.15 In interpreting the projections one should also note that the
developing countries' production, like their consumption, is concentrated
in a few countries. In oil, for example, 18 oil exporters supplied over
90 percent of total production in 1980. China and India accounted for 72
percent of total coal production in the same year. Thus, the energy
production of developing countries as a group will depend mainly on the
achievements in these major countries. In addition, the forecast produc-
tion shares also depend on global trends which may affect energy demand
in the industrial countries and output from the larger oil exporters.
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Oil Importing Developing Countries (OIDCs)

1.16 Although total commercial energy consumption in the oil
importing developing countries is projected to grow at about 5 percent a
year, their oil consumption will grow at about half that rate. Oil is
projected to account for only about one quarter of their incremental

consumption over 1980-95, as against its share of about one half during
1970-80. This is brought about mainly through the accelerated
development of their indigenous energy resources. For every type of
fuel, the projected growth rate of indigenous production in the OIDCs
exceeds the projections for developing countries as a whole. As a
result, their net imports of oil are projected to drop from 44 percent of
their commercial energy consumption in 1980 to about 28 percent in
1995. Nevertheless, oil will continue to be a major source of energy for
them, supplying about two fifths of their commercial energy consumption
in 1995 (see Table I.5). Thus, despite considerable efforts to
substitute for oil, the net oil imports of the OIDCs are expected to
continue growing, from 295 million toe in 1980 to an estimated 386
million toe in 1995.

Table I.5: Commercial Primary Energy Production and Consumption
in Oil Importing Developing Countries, 1970-95

Million Toe Growth Rates (% p.a.)
1970 1980 1995 1970-80 1980-95

Production
Oil 63.0 65.0 145.0 0.3 5.5
Coal 118.0 192.0 384.0 5.0 4.7
Natural Gas 14.0 27.0 115.0 6.8 10.1
Primary Electricity 41.0 98.0 306.0 9.1 7.9
TOTAL 236.0 382.0 950.0 4.9 6.3

Consumption
Oil 223.0 360.0 531.0 4.9 2.6

Coal 121.0 186.0 442.0 4.4 5.9
Natural Gas 12.0 26.0 120.0 8.0 10.7
Primary Electricity 41.0 98.0 306.0 9.1 7.9
TOTAL 397.0 670.0 1399.0 5.4 5.0

Oil Imports 160.0 295.0 386.0 6.3 1.8

Sources: UN J Series and World Bank estimates.
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Renewable Energy

1.17 Nearly all developing countries face a major challenge in
developing renewable sources of- energy. Not only must they confront the
crisis in the supply of the traditiornal biomass fuels, the main source of
energy for rural households, but they must also exploit the
possibilities--many of which have only recently become profitable--for
using biomass, solar and other renewable resources to provide energy in
rural areas and to replace petroleum.

1.18 As a group, developing countries consume as much biomass energy
as they do commercial fuels. In ten of the thirteen countries for which
the Bank has completed energy assessments, 1/ biomass fuels supply more
than half of the total primary energy consumed. In three of these coun-
tries the proportion of energy derived irrom biomass is 90 percent or
greater, and the average for the group exceeds 65 percent. Current
consumption levels have already caused severe problems in many
countries. In the group of ten countries mentioned above, it is
estimated that the consumption of woodl-uels is greatly outstripping
sustainable production, sometimes by a iactor of three or four. At
present rates of exploitation, accessible forest resources in many
countries will be practically obliterated within 20-30 years. The
situation is a grave one, not only because biomass fuels are an important
energy source, but because they are used by the majority of the
population, who have no real alternative other than a deterioration in
living standards. Moreover, the problem cf deforestation is not just an
energy problem; it has important agricult:ural and environmental causes
and consequences. The clearing of land for agricultural purposes has
been an important cause of deforestation, while the loss of forest cover
and organic residues 2/ leads to soil depletion and declining agricul-
tural productivity. Within the energy sector, siltation of reservoirs
and river systems is detrimental to the development of hydropower poten-
tial. It is essential that developing countries improve the efficiency
with which wood and combustible residues are both produced and consumed
to alleviate the mounting pressure on energy, agriculture and the
environment. Stepped up tree planting programs, improved management of
existing forest resources, the introduction of more efficient wood stoves
and charcoal kilns, and the development of alternative cooking fuels are
all important parts of the attack on the fuelwood problem.

1/ See Box 4.3 on the Jolnt UNDP/World Bank program of Energy
Assessments.

2/ Such as crop residues and dung which are increasingly used as fuel
instead of serving their otiher traditional role as fertilizers.
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Heterogeneity of Developing Countries

1.19 Different countries in the developing world face very different
energy problems and prospects. The most obvious distinction is between
oil exporters and oil importers which have been affected in very differ-
ent ways since 1973. For the developing countries that export oil, the
principal result of the oil price increases has been a major increase in
inflows of foreign exchange, opening up additional options for devel-
opment investment. These countties face two sets of energy issues. At
the macro level, they need to ensure that their economic policies do not
discourage the production of exportable goods other than oil, and to
maintain an appropriate pace of petroleum exploration and production. A
second set of issues, which oil exporters share with oil importers, is to
adjust their energy consumption and production patterns to take account
of higher energy costs. In this area the oil exporters have generally
made slower progress than the OIDCs and, in some of them (for example
Ecuador, Egypt, Indonesia, Peru or Tunisia), the rapid growth of domestic
oil consumption, if left unchecked, could virtually eliminate their ex-
portable surplus in the next decade.

1.20 Apart from the oil importer/exporter distinction, a number of
other classification criteria are relevant. Among the oil importers, the
share of export earnings absorbed by oil imports is a good indication of
the direct impact of higher oil prices on the balance of payments, and of
the resulting reduction in real national income caused by the implied
adverse shift in terms of trade. This ratio varies a great deal
depending on the importance of trade in the economies, the level of
industrial and transport activity and the availability of alternative
energy sources. For a sample of 39 OIDCs in 1980, payments for net oil
imports took over half of merchandise export earnings in 7 countries,
between one fourth and one half in 17 countries, and less than one fourth
in the remaining 15 countries. Another dimension of dependence on
imported oil is shown by the share of oil imports in a country's total
commercial energy consumption. About half of the OIDCs, including many
of the poorest ones, rely on imported oil for over 75 percent of their
commercial energy requirements; these countries have been especially
badly affected by higher oil prices.

1.21 The distinction between low and middle income countries is also
relevant: first, because the poorer countries generally have had the
least scope for reallocating resources from other parts of the economy to
pay for imports and, second, because they have also had the greatest
difficulty in borrowing commercially to pay higher oil import bills in
the short run. An important point made in Chapter V of this report is
that the low income countries' limited access to commercial borrowing
will make it particularly difficult for them to invest in developing
their own substitutes for imported oil.

1.22 Finally, a country's potential to reduce its energy costs by
developing indigenous energy sources depends upon its own energy resource
endowment. As these endowments are always imperfectly known, it is
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difficult to use them as a precise basis for classification. Never-

theless, based on the developing countries' known, economically develop-
able commercial energy resources in relation to their energy needs, they
can be classified into the three brc,ad groups shown in Table I.6. Coun-
tries in the first group have limited opportunities to lower their energy
costs because their own energy resources are small or extremely costly to
develop (for example Burundi, Haiti, Nepal. or Rwanda). Tt is important to
note that physical resource availability alone is not a sufficient crite-
rion. Nepal, for example, has an enormous hydropower potential in rela-
tion to its needs but precisely because these needs are so small, the
larger and cheaper hydrosites cannot be developed economically unless
agreement can be reached on exports of electricity to neighboring India.

1.23 At the other end of the spectrum are countries endowed with
substantial reserves of primary energy, such as cheap hydropower, or
abundant coal, oil, gas, or lignite. Somes countries in this group, such
as Bolivia, Cameroon and Colombia, have abundant resources of oil, gas or
coal and are or could become exporters of some of these fuels. Oil-
importing countries in the group include Colombia and India. These
countries are generally in the process of replacing imported oil with
cheaper domestic energy. India, for example, is raising its own oil
production, accelerating the development of large-scale hydroelectric
projects, replacing oil-fired by large coal-fired generating plants, and
economizing on transport costs through railway electrification and on
irrigation costs through rural electrification.

1.24 Many developing countries with moderate amounts of one or
several energy resources find themselves between the two extremes. In
some (for example, the Philippines and Tanzania) resources have only
recently been found and are still being assessed with production having
just started. Other countries in this group (for example, Kenya, and
Costa Rica) are less well endowed with domestic energy resources but are
in a position to reduce the cost of imaported energy by substituting
cheaper fuels such as coal.
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Table I.6

COMMERCIAL ENERGY TYPOLOGY OF DEVELOPING ECONOMIES 1/

OIL EXPORTERS OIL IMPORTERS 3/
ENERGY RESOURCES/OPTIONS SMALL NET OIL IMPORTS AS % OF PRIMARY COMMERCIAL ENERGY CONSUMPTION IN 1980
(relative to country size) LARGE 2/ OR MEDIUM 0-25% 26-50% 51-75% 76-100%

Middle Income Low Income Low Income
Lesotho Burundi
Namibia Kampuchea Ethiopia

Laos, PDR Guinea Bissau
Nepal Haiti
Rwanda Niger

Somalia
Sri Lanka
Togo

LIMITED Upper Volta

Middle Income
Barbados
Cuba
Dominican Republic
Hong Kong
Israel
Jamaica
Jordan
Lebanon
Liberia
Mauritania
Singapore
Uruguay
Yemen, AR
Yemen, PDR

Middle Income Low Income Low Income Low Income Low Income
SYRIA, AR Zaire Ghana * Bangladesh Benin

* Pakistan Central African Guinea
Republic Madagascar

Middle Income Middle Income Chad Mali
Botswana *+ BRAZIL Equatorial Sierra Leone

+ Korea, PDR * Chile Guinea Sudan
+ Vietnam Guatemala Malawi Tanzania

Zambia Ivory Coast Mozambique
MODERATE + Zimbabwe Mongolia Uganda

Middle Income Middle Income
Costa Rica + Greece
El Salvador Renya
Honduras tirocco

+ Korea Republic Nicaragua
Paraguay Panama
Portugal Papua New Guinea

± Turkey Philippines
Senegal
Thailand

Low Income Middle Income Low Income Low Income Middle Income
*+ CNINA * ALGERIA Burma * Afghanistan * Bolivia

ANGOLA *+ INDIA
Middle Income Congo, PR Middle Income
* INDONESIA ECUADOR Middle Income *+ Yugoslavia

SUBSTANTIAL * IRAN * EGYPT * ARGENTINA
* IRAQ GABON Cameroon
*+ MEXICO * MALAYSIA *+ COLOMBIA
* NIGERIA * PERU
* VENEZUELA a TRINIDAD &

TOBAGO
TUNISIA

Not shown are economies with less than one million population and without production (or prospects of future production) of oil, gas or coal.
The economies included in this table are classified according to their energy resource potential (oil, gas, coal and primary electricity) that
could be economically developable during the next decade. Oil exporters are countries where official earnings from net oil exports exceed to
10% of their total exports earnings in 1980-81.

i Produced more than 70 million TOE during 1980.
3/ Economies in bold print had net energy imports amounting to 30% or more of their merchandise exports in 1980. (Information is not available for

all countries).

(+) Produced two or more million TOE of coal in 1980.
(*) Produced one or more million TOE of gas in 1980.

Economies shown in capitals produced more than 5 million TOE of oil in 1980.
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C. Alternative Scenarios

1.25 As indicated in para 1.08, the report's projections of energy
demand and supply in the developing countries are based on quite favor-
able assumptions about economic prospects and energy sector
developments. Varying any of these assumptions would result in different
energy supply and demand projections, but the policies and strategies
recommended in the report would remain largely unaltered. For example,
lower economic growth than assumed could result in lower energy
consumption than projected, but this would be a less desirable
alternative. Slower economic growth would also reduce the level of
energy investments required, but their relationship with GDP would likely
be unchanged, so that adequate financing would still be difficult to
find.

1.26 Another source of uncertainty is the precise evolution of
international energy prices in the short term, and their impact on
domestic pricing and investment policies. As indicated earlier, the
underlying trend of oil prices will remain a high and moderately rising
one even though there may be quite sharp short-term fluctuations in
response to market conditions. The above projections assume that devel-
oping country governments will base their retail pricing and investment
policies on these underlying trends and will not slow down their efforts
to manage energy demand or their programs to increase the production and
use of alternative energy sources. Slower progress in either of these
areas would raise oil consumption above that projected here. Less
effective energy demand management would both raise total energy
consumption and increase the share of oil in this consumption, because
for technical and institutional reasons, potential substitutes for oil
are unlikely to be made available more quickly than projected. If
indigenous energy resources are developed more slowly than anticipated
here, the demand for oil would again increase to compensate for their
reduced availability, even if the total demand for commercial energy
remained unchanged. In both cases, this higher demand for oil is
unlikely to be financially sustainable and the more probable outcome
would be a curtailment of economic growth for these countries.

1.27 Chapter V discusses the investments that will be needed to meet
the projected energy demand of developing countries. These amount to
about 4 percent of developing countries' GDP, and will pose a formidable
financing problem. However, all these investments are economic, and the
bulk of them would remain so even if the long-term price of oil were to
fall to, say, US$25/barrel (1983 dollars). Virtually all of the oil and
gas development projects proposed in both the oil exporting and oil
importing developing countries would continue to yield satisfactory
economic returns at this price. For example, the costs of incremental
oil production in the six major OIDC oiL producers (which account for
three fourths of OIDC oil production) range from US$10-20/barrel. The
costs of gas production in the developing countries are so far below the
price of oil substitutes that there is little doubt about the economic
benefit of exploiting gas, provided there is a market for its use. The
costs of coal development in the larger coal producers (China and India)
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are similarly well below the limits imposed by oil substitution even at a

US$25/barrel oil price. However, some coal development projects,
particularly of low-grade lignite, will be affected especially if they
involve large infrastructure investments. Some coal import projects will
also be affected, particularly those where quantities are small and heavy
infrastructural investments are required; but it is important to note
that the investments for these projects are not included in the estimates
made in this report. In electric power, the vast majority of hydro
projects would continue to be economically viable at a US$25/barrel oil
price, although a few of the planned small projects which are marginally
viable even now will become uneconomic. Finally, the extraordinarily
high rates of return and quick pay-back periods of almost all projects to
improve energy efficiency ensure their continued viability at much lower
energy prices.

1.28 Thus, although a definitive judgement on the economics of the
investments proposed in this report can only be made after a detailed
cost-benefit analysis on a project by project basis, there is adequate
evidence to indicate that the bulk of them would remain high priority
investment opportunities even if long-term international oil prices fell
by as much as 20 percent.

1.29 The basic explanation underlying this conclusion is that the
vast majority of developing countries have still not completed their
adjustment process to the dramatic energy price changes of the last
decade. At current energy prices, the bulk of the proposed investments
have relatively high economic rates of return and, as such, their
economics remain strong even if current price relationships are altered
significantly. Thus, while the actual projections of energy supply and
demand should be interpreted as illustrative and subject to a margin of
error, the essential conclusions and recommendations of this report
remain robust under a broad range of plausible assumptions.
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CHAPTER II

ENERGY DEMAND MANAGEMENT

2.01 Demand management is necessary for two reasons: to reduce the
energy used per unit of output in the economy and to induce a shift from
high-cost sources of energy towards cheaper ones, either domestic or
imported. Recent experience shows that both effects can be achieved by
the use of a range of demand management methods.

2.02 Most of the experience with energy conservation has been gained
in the industrialized countries, where a variety of programs have suc-
cessfully reduced the energy used for a given level of economic
activity. There are many obvious differences between industrialized and
developing countries in the level of energy consumption per capita and in
the sectoral pattern of energy consumption. However, there is a growing
body of evidence - including the energy conservation projects and energy
sector assessments carried out by the Bank - which indicates that in
developing countries, too, substantial energy and cost savings through
better demand management are both feasible and cost effective. Many
developing countries have embarked on programs to influence demand for
various sources of energy, but few have as yet formulated comprehensive
strategies for managing energy demancl.

2.03 In most low income countries, national levels of commercial
energy intensity (measured as tons of oil equivalent used per US$1,000 of
GDP) are below those in the industrialized countries, but middle income
developing countries are generally at least as energy intensive. Some
developing countries, notably India, Republic of Korea, and Yugoslavia
are close to, while others, such as China, are even well above the levels
of the most energy-intensive industrialized countries (see Box 2.1 on
Determinants of Energy Consumption). In energy intensive industries,
many industrial plants in developing countries have been found to consume
10 to 30 percent more energy per unit of output as best international
practice and some consume over twice as much.

2.04 Many oil-using plants can be converted to use other fuels (coal,
gas) costing 50 to 80 percent of their petroleum fuel equivalent; many
transport enterprises could reduce consumption per ton-kilometer by 10
percent or more through low-cost improvements and by much more if the
designs of vehicles and engines are modified; electric power
transmission/distribution losses could typically be reduced by amounts
equivalent to at least 5 percent of the total electricity generated; and
improved woodstoves for residential cooking require only half as much
wood as traditional stoves.

2.05 Developing country policymakers are becoming increasingly aware
of this potential. A few countries, notably Brazil, China and the Repub-
lic of Korea, have reduced their national commercial energy intensity in
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the last few years, and made a shift towards cheaper substitutes for

petroleum fuels. The substitution efforts already underway in other
developing countries include the replacement of oil by gas in Bangladesh,
Bolivia and Pakistan, by coal in Zambia and by bagasse in Mauritius. In
the vast majority of developing countries, however, tnis process has
barely begun and progress will require the resolution of a variety of
institutional, policy and informational difficulties and the development
of a well defined national energy demand management program.

A. Measures for Managing Energy Demand

2.06 The specifics of such a national energy demand management
program must obviously vary from country to country, but it is possible
to identify four broad categories of measures that can be used to achieve
the twin goals of raising energy efficiency and replacing costly sources
with cheaper ones:

- energy pricing policies;

- taxation and other fiscal incentives;

- direct capital allocation; and

- technical assistance, training programs, regulations, promo-
tional and educational programs.

Pricing

2.07 The most important of these measures is an energy pricing stra-
tegy which provides energy users with an incentive to eliminate energy
waste and to choose fuels on the basis of their costs to the economy. In
recent years, many developing countries have recognized the central im-
portance of pricing in strategies to manage the energy sector, and have
begun to raise prices to reflect increased costs, especially those of
petroleum fuels. However, in some areas and countries there is still a
tendency to keep energy prices considerably below opportunity costs.

2.08 In the oil-importing developing countries, increases in the
costs of oil have generally been passed through fully and promptly to
final users and the weighted average of retail petroleum product prices
is higher than import parity in nearly all of them. In many countries
the increase in retail prices has been quite substantial in recent years:
the real domestic price increase of petroleum products in terms of local
currency between 1975 and 1981 was about 40 percent in Korea, about 60
percent in Brazil, Pakistan, Philippines and Turkey and over 200 percent
in Colombia and Yugoslavia.

2.09 The situation is more mixed in the electricity sector of oil
importing countries. Of 33 countries surveyed recently, eighteen have
increased their tariffs in real terms since 1974, and some (e.g.
Pakistan, Sri Lanka, and Thailand) by as much as 50-100 percent.
Nevertheless, only seven of these countries have electricity tariffs that
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are equal to or exceed the long-run marginal cost of supply. Basing

electricity tariffs on the long-run marginal cost ensures that both the
level and structure of tariffs reflect the cost of expanding the power
system. An increasing number of countries, among them Bangladesh,
Indonesia, Kenya, Nigeria, and Sri Lanaka, have recently committed
themselves to considering the economic cost: of supply in setting tariffs.

2.10 In the oil exporting developing countries domestic retail prices
of energy are generally still well below international levels and in a
number of cases have fallen in real terms since the mid-1970s. Relative
price distortions are also more pronounced in these countries; for
example, in 1979, prices of diesel fuel were only about 40 percent of
those for gasoline, as compared with about 60 percent in the oil
importing countries, and 90 percent in international trade. Some of the
oil exporting developing countries have rezently improved their petroleum
pricing policies substantially, but further progress is needed. This is
particularly important in those countries (such as Egypt, Indonesia and
Nigeria) where the rising domestic demand for petroleum products is
reducing the available exportable surplus, with potentially serious
macroeconomic consequences.

2.11 Pricing is an essential instrument of energy demand management
not only because of its direct effect on t:he level of energy consumption
but also because it indirectly affects consumption, by influencing the
choice of energy-using technology. If energy prices are set below the
economic cost of supply, the wrong priorit:ies may be set for investments
that will consume energy, and technologies may be chosen whose use is not
in the nation's economic interoest. Some countries, such as Egypt, might
not have developed such energy-intensive :industries as aluminum smelting
had their power prices reflected long-run economic costs. Others, such
as Brazil, might have given greater emphasis to rail transport if diesel
fuel had not been subsidized. Moreover, at artificially low prices,
energy users will not have enough financial incentive to improve the
efficiency of energy use. Investments in improved boilers, systems to
recover waste heat, heat exchangers or process changes, are not likely to
be profitable if the equipment has t:o be purchased at commercial prices
but the fuel oil saved is subsidized.

2.12 The relative prices of dii-ferent energy sources strongly in-
fluence inter-fuel substitution. In an economy where fuel oil prices are
subsidized, the commercial development of indigenous coal resources may
require a subsidy on coal as well. Similarly, a subsidy on kerosene may
reduce the flexibility to set diesel oil prices: a wide differential
would cause diesel oil users to switch to cheaper kerosene.

2.13 Changes in relative prices can have substantial effects on
consumers' choice of fuels. Prices of diesel oil in the oil importing
developing countries for which data are available rose from 38 percent of
gasoline prices in 1975 to 61 percent in 1979 as diesel subsidies were
reduced. The pattern of consumption changed in response: for example,
Pakistan's diesel oil consumption clecreased from about 550 percent to
about 300 percent of its gasoline consumption in 5 years. By contrast,
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Brazil's decrease in the price of diesel oil relative to that of gasoline
contributed to diesel oil use increasing from about 90 percent to about
150 percent of gasoline use during the same period.

2.14 The above discussion focuses primarily on the role of pricing in
energy demand management, but the pricing of energy has a much wider
impact. As shown in Chapter III, apropriate producer pricing policies
will be a key element in increasing the participation of the private
sector in the development of indigenous oil, gas and coal. Where public
agencies are responsible for energy production and supply, appropriate
pricing will be necessary to generate sufficient resources for investment
and to ensure the financial viability of these agencies. As discussed in
Chapter V, the resource mobilization aspect of energy pricing,
particularly for electricity, is an area which requires urgent attention
in many developing countries.

2.15 However, it is important to recognize that decisions on energy
pricing can be politically and socially difficult and require a phased
approach based on careful analysis. For example, it is not always easy
to establish precisely the economic costs of specific fuels, which may
vary with estimates of reserves or the potential of the market. Some-
times it is even difficult to establish the landed cost of imported fuels
because of ambiguities concerning international freight costs or sources
of supply. The implications of different price structures for the level
of demand (e.g. peak consumption of electricity, relative shares of
gasoline or diesel in transport) and, in turn, the implications of the
level of demand for the design of power systems and refinery
configurations, also need to be taken into account. Adequate analysis of
these issues calls for a detailed study. In the Bank's experience, a
thorough study of energy pricing in a country may need 10 - 25 staff
months of analysis, assuming that the relevant information, for example
on production costs and expansion plans, is readily available.

2.16 Such a study would also address two concerns which frequently
prevent governments from lowering subsidies on consumer prices: the need
to hold down inflation and to provide lower income families with an
affordable supply of energy. Although the exact circumstances vary among
countries, there is now a growing body of evidence that these concerns
are exaggerated. First, in most industries energy accounts for a rela-
tively small proportion of the total costs of production, and the
exceptions, such as cement, fertilizer or aluminum, are not a large part
of industrial production in most developing countries. Adjusting energy
prices to their economic costs therefore has a limited effect on total
industrial production costs. For example, a recent study for Egypt
demonstrated that the inflationary effects of large and continuing energy
price increases is likely to be small: even if demand is completely
unresponsive to changes in price, a 30 percent annual average increase in
petroleum product prices between 1980 and 1990 would translate into a
less than 4 percent a year average increase in the consumer price index
over the same period. Second, most energy consumption surveys have shown
that, particularly in the poorer countries, the use of commercial energy
is largely concentrated among the middle and upper income groups, while
the poor rely primarily on wood and other non-commercial fuels. The
energy needs of the poor could well be better served if some of the
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resources spent on subsidizing commercial fuels were diverted to
expanding fuelwood production or for strengthening programs to
disseminate improved woodstoves.

Other Measures

2.17 While an appropriate energy pricing policy is an essential fea-
ture of an energy demand management program, other types of measures may
also be necessary to improve energy efficiency. There are a variety of
reasons for this. F:Lrst, energy users, either individuals or firms, may
simply be unaware of the potential for uSing energy more efficiently or

of the technical options available for doing so. This is particularly
true in developing countries where accesS to recently developed energy-
efficient equipment and techniques is limited and where an indigenous
energy conservation industry has yet to emerge. Second, as with any
new technology, there is still considerable skepticism that dramatic
improvements in efficiency can really be brought abouL; a skepticism
which energy users in industrialized courntries are only now starting to
overcome after the success of the recent years. Third, institutional or
policy factors may reduce interest in saving energy. For example, many
large enterprises have their input and output prices regulated. This is
typical of many of the energy-intensive industries (steel, cement,
fertilizers) in a wide variety ot countries (Brazil, China, Egypt,
Turkey). The managers of these enterprises may have little incentive to
invest in reducing their energy costs if they are able to pass on these
costs to their consumers, or if, as is often the case, they are not
sufficiently profit-oriented or are protected from competition. Finally,
capital shortages and imperfections in t[e financial markets or in the
allocation of public or private capital may make it difficult to obtain
finance for economically attractive projects that improve the efficiency
of energy use but do not expand capacity.

2.18 Promotional and educational programs may be used to raise aware-
ness and reduce attitudinal barriers to improved energy efficiency. Many
countries have also introduced more intensive training and technical
assistance to provide industrial ancd commercial enterprises, farmers and
householders with technical services to analyze and improve their manage-
ment of energy consumption. Regulations may require more energy-
efficient standards for industrial and transport equipment, buildings and
appliances. And finally, adequate finance should be made available for
economically viable energy conservation projects.

2.19 The potential of these options varies across the consuming
sectors and by the type and size of user at whom the program is
directed. It is important to identify the sectors where the greatest
impact can be achieved with a reasonable effort, and to design a strategy
that uses all available policy tools to meet the targets in these
sectors. The following sections review the potential for increasing the
efficiency of energy use in the main energy using sectors and identify
the measures that could form part of an appropriate demand management
program in each.
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B. Industry

2.20 Industrial energy consumers can be classified into two groups.

The first group comprises the energy-intensive industries in which energy
costs represent a large share of total production costs (between 15 and
50 percent and occasionally even higher). These include iron and steel,
cement, pulp and paper, chemicals, fertilizer, aluminum and petroleum
refining, which account for about half of the total commercial energy
consumed in industry in the developing countries. For these industries,
changes in the cost of energy have a crucial impact on the costs of
production and profitability, but their response to higher energy prices
is often limited by the regulated conditions under which they operate and
by their lack of human and financial resources to apply the technical
options that are available for reducing these energy costs.

2.21 The recent experience of the industrialized countries has shown
that energy costs per unit of output in these industries could be signif-
icantly reduced through a variety of measures, ranging from better house-
keeping, energy management and improved monitoring and control systems to
more capital intensive investment in retrofitting existing equipment and
using more energy-efficient processes. In most of the industrialized
countries, for example, energy consumption per ton of steel and cement
decreased by 5 - 15 percent between 1975 and 1979. The share of petro-
leum fuels in industrial energy consumption declined between 1973 and
1980 from 60 to 57 percent in Japan, from 52 to 43 percent in Germany,
and from 54 to 41 percent in the United Kingdom, with the increasing
substitution of natural gas, coal, lignite and electric power.

2.22 A first step in realizing such savings is to carry out energy
audits" for each of the major industrial energy users to analyze their
existing pattern of energy use and to identify the areas for improving
efficiency. Follow up training and technical assistance is generally
necessary for implementation. Special financial support may also be
required. Possibilities for reducing energy intensity and substituting
cheaper energy forms for petroleum in the energy-intensive industries
have been identified in virtually every country covered under the
UNDP/World Bank Energy Assessment Program, as well as through other Bank
sector and project work.

2.23 As Table II.1 shows, even with small investments, mainly of a
housekeeping nature, substantial energy savings are possible and paybacks
are extremely fast. To realize the bulk of the potential savings would
require larger investments and the replacement of inefficient equipment,
but the payback period of such undertakings is still generally less than
five years, and they earn economic returns of 17 to 50 percent a year.
This type of investment also helps to remove plant bottlenecks and per-
mits increased output, as well as reducing energy costs.
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Table II.1: Potential Energy Savings in Selected Industries

in the Developing Countries

Total Developing
Countries' Commercial Potential Savings (%)
Energy Consumpl:ion Category Category

Industry (million toe/p.a.) A a/ B b/

Iron and Steel 109.0 3 15 - 20
Petroleum Refining 54.0 7 15 - 25
Cement 52.0 11 18 - 28
Chemicals (Ammonia) 19.0 2 20 - 25
Pulp and Paper 15.0 11 12 - 15
Aluminum 13.0 2 10 - 15

a/ Small investments, consisting mostly of combustion efficiency
improvements, insulation, steam system efficiency improvements and
other housekeeping measures; paybacks within 10-20 months.

b/ Large investments in retrofitting existing plants and additions to
facilities, including waste heat recovery, combined heat and power
generation, increased use of waste fuels, simple process changes and
controls and replacement of inefficient equipment; payback in 2 to 5
years. Savings in categories A and B are not necessarily
additive in specific plants,.

Source: World Bank estimates based onl consultant studies.

2.24 The second group of industrial users comprises a multitude of
medium sized and small energy consumers. The potential energy savings
for this group as a whole are also substantial, but they are unlikely to
be achieved as quickly, and direct public intervention in large numbers
of enterprises is difficult. The appropriate strategy towards this group
is to facilitate the flow of infornation on techniques for improving
energy efficiency, and to ensure that energy prices provide appropriate
signals. In this context, stimulatirg the supply of energy conservation
equipment and more efficient energy consuming and conversion appliances,
for example by rationalizing the relevant import policies and investment
incentives or by encouraging the production of equipment under license or
in joint ventures, is likely to be particularly important. Supporting
the development of a 'Local energy audit and conservation industry and an
imaginative involvement of the development finance institutions can also
serve to accelerate energy savings in industry.

2.25 Industrial energy management programs are receiving much atten-
tion in China, which puts major emphasis on replacing oil with coal,
rationalizing regulations or quotas, shifting from heavy to light in-
dustry, and establishing energy conservation technical assistance
centers; Brazil, which has government protocols with major industries,
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particularly for petroleum substitution, and a special fund for invest-

ments in conservation/substitution; and the Republic of Korea, with

audits of major industries. Most developing countries, however, are
giving far too little emphasis to improving industrial energy
efficiency. The World Bank and a number of other agencies have gained
considerable experience in this area in the last few years, having
financed a number of audit programs and investments to improve energy
efficiency in industry. The World Bank is considering a growing number
of such operations, particularly in refineries, cement, steel, fertil-
izers and paper (see Box 2.2 on the Bank's role in improving energy
efficiency).

2.26 There are also a number of opportunities to improve the
efficiency of the industrial use of fuelwood and other biomass fuels.
For example, in many countries the introduction of more modern kilns can
raise the amount of charcoal produced from a given amount of wood by
about 40 percent. Industrial fuelwood consumption could be much reduced
through programs directed at rural industry (tobacco curing, tea drying
or brick making) which uses almost as much fuelwood as the household
sector in many developing countries. Such a program can be relatively
easy to implement (as compared with programs to improve the efficiency of
household wood use) because there are relatively few users and they are
more easily reached.

C. Transport

2.27 The modern transport sector relies exclusively on petroleum
fuels and, depending on the industrial structure of the country, this
sector consumes from 20 to 40% of the petroleum consumption in developing
countries. As the opportunities for fuel substitution in transport are
very limited, it is especially important to increase the efficiency of
energy use in this sector. The mix of transport modes (road, rail, air,
marine, pipeline) varies widely among countries, and has a dramatic
impact on the overall intensity of energy use in the transport sector.
Automobiles typically consume two to three times more energy per pas-
senger-kilometer than buses or railways at reasonable levels of capacity
utilization, while truck transport consumes three to ten times or more
energy per ton-kilometer than rail freight, pipelines or maritime trans-
port. Such figures tell little about the comparative total cost and
convenience of different modes, but they indicate that strategies de-
signed to influence the transport mix should take explicit account of

energy costs and the availability of alternative transport fuels.
Typically, 65-80 percent of the fuel consumed in transport in the devel-
oping countries is used by road vehicles, with trucks consuming 60-80
percent of road transport energy, indicating the need for special atten-
tion to the trucking industry.

2.28 The scope for energy saving measures in road transport is signi-
ficant, but less well known or developed than energy saving measures in
industry. Experience in some countries, including India, shows that the
training of truck and bus drivers and supervision of their driving per-
formance can reduce their fuel consumption by 10 percent or more, while
better vehicle maintenance, including tune-ups, maintenance of tire pres-
sure, use of radial tires and wind deflectors, and prompt replacement of
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air filters, can save from 5-15 percent. Even larger savings are pos-

sible by improving the utilization of vehicles, mainly by reducing empty
backhauls, and by using truck sizes and designs appropriate for the loads
to be carried.

2.29 As in industry, it is useful to distinguish between large users
(such as bus companies and operators of large truck fleets) and small
users (individual owner/operators of cars, taxis, trucks). In the former
group, it is possible to audit the efficiency of vehicles and to train
and monitor drivers and vehicle mainltenance staff. In the latter group,
greater reliance has to be placed on information, promotion of awareness,
innovative regulations and the avAilability of equipment that can monitor
and enhance energy efficiency. Appropriate energy pricing is vital,
supplemented by a structure of- vehicle taxes and import duties that en-
courages the use of fuel-efficient vehicles. In countries that manufac-
ture vehicles, a special effort should be made to stimulate local pro-
ducers to improve and publicize the fuel e!fficiency of their products.

2.30 Significant savings in road transport fuel are being realized in
urban centers through traffic management designed to alleviate conges-
tion. Schemes in Brazil, Singapore, Thailand, Venezuela and other coun-
tries have achieved savings of: 5 to 15 percent through various restric-
tions, special bus lanes, or improved signalling; compared with their
costs, such schemes yield large benefits.

2.31 There are opportunities for improved energy efficiency in other
modes as well. Trains in North America and Europe have been modified to
consume 3-10 percent less diesel fuel; ships and aircraft can also be
made more fuel efficient, initially through improved maintenance and
operation, and subsequently through replacement by more fuel-efficient
models. In certain situations, alcohol can replace gasoline in road
vehicles (Brazil), railways can be electrified (India), and some road
vehicles can be made to run on compressed natural gas (Bangladesh) and
liquified petroleum gas (Thailand).

D. Households

2.32 The household sector accounts for a small proportion of the
total commercial energy used in developing countries--typically less than
10 percent in the poorer countries and between 10 and 20 percent in the
middle income countries. However, these statistics are somewhat mislead-
ing because they exclude fuelwood, wlhich is the principal fuel for house-
holds in developing countries. Including fuelwood and agricultural and
animal residues in the national energy balance makes the household sector
the largest energy user in most developing countries, accounting for
almost half of the total energy used in mcst of these countries and up to
90 percent in some of them (for example Burundi, Malawi, Nepal, and
Rwanda).

2.33 Because of the limited use of commercial energy in the household
sector, coupled with the tendency of goverments to hold down the costs of
kerosene, electricity and indigenously produced coal, higher
international energy prices have had a limited effect on the direct



energy costs incurred by households. Nevertheless, the economic value of
household energy consumption is substantial in some countries,
particularly those in temperate zones (China, Republic of Korea, Turkey)
and considerable scope exists for improvement in home heating and cooling
equipment, insulation, and substitution by more economical sources (such
as coal, biogas, solar devices).

2.34 The situation for fuelwood, which is used principally for cook-
ing, is different. Despite its increasing scarcity and related higher
prices and increased gathering time, wood is still burned very ineffici-
ently in the developing world. When food is cooked over an open fire, as
is common in many developing countries, only about 5 to 10 percent of its
energy content is typically used. Many traditional stoves are not much
more efficient. Laboratory and field tests show that wood requirements
can be at least halved through the introduction of improved stoves. Con-
siderable work has been done in many developing countries in designing a
first generation of more efficient woodstoves and in research and
demonstration programs aimed at disseminating them. However, it has been
more difficult than envisaged to design stoves which are simultaneously
cheap, much more efficient, and made of materials easily obtainable in
poor areas. Second, people have been reluctant to use new stoves which
require a change in cooking habits, or which do not provide some of the
ancillary benefits of traditional open fires (such as space heating,
lighting or protection against insects), or where fuelwood savings are
not perceived as important enough to warrant the cost of the stoves.
Finally, many of these programs have been hampered by a weak and
uncoordinated institutional framework and by the absence of a clearly
defined strategy for action.

2.35 Despite the generally disappointing experience so far with this
initial series, improved woodstoves should be the main focus of any
energy demand management strategy for the household sector in most
developing countries. Realizing their potential will require greater
support for work which has already started on a second generation of
stove programs characterized by the adoption of a more systematic
approach to stove design and dissemination, and a reorientation of focus
towards fuelwood users who are most conscious of the fuelwood problem--
particularly urban and semi-urban households and rural market towns for
whom wood is already a commercial energy source and where cash savings
could provide a strong incentive for buying a stove which reduces wood
consumption. An increased focus on urban wood users will probably also
lead to greater emphasis on promoting fabricated metal or ceramic
stoves. Such stoves have already been successfully introduced for
charcoal use in a few countries (Burundi, Kenya and Thailand) and their
replication in other countries merits attention.

E. Commercial and Institutional Buildings

2.36 The commercial sector is becoming an increasingly important user
of energy in the middle income developing countries and in some small
countries where air conditioning--particularly of hotels for tourists--
accounts for a significant proportion of electricity demand. In these
situations, the scope for energy savings may be sizable. In existing
buildings, savings of up to 25 percent can be achieved through better
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energy management, improved control and monitoring systems and minor

retrofitting investment. In some countries, solar collectors can econ-
omically displace conventional fuels for heating water in hotels and
other institutional buildings. 1/ Improved standards and regulations for
the design of new buildings can reduce their heating and cooling require-
ments to 50 percent of those of buildings designed as recently as 10
years ago. Substantial advances have been made in these areas in indus-
trialized countries and a variety of new techniques, equipment and mate-
rials have been developed. Governments can help in this regard by pro-
viding information on new designs to the local architectural community,
by revising the codes and regulations governing new buildings, building
equipment and materials, and by stimulating audit programs and the pro-
duction and/or import of energy management technology and know how for
the building sector.

F. Electric Power

2.37 Energy is consumed in the conversion of primary energy into
electricity and in its distribution to customers. A review of available
data for 76 developing countries shows that in half of them, the power
transmission and distribution system "loses" 15 percent of the electri-
city generated (Table II.2). These figures include both technical losses
and unmetered consumption. All types of losses cause financial
difficulties for the utility and require corrective action, but technical
losses represent economic losses for the country. It is expensive to
reduce losses, however, so the lowest possible losses are not necessarily
the most economic. Their optimum level deapends on the load and network
characteristics of the system and on the marginal costs of supply.
Research by the World Bank indicates that under normal circumstances,
transmission and distribution losses shoulcl be between 4 and 8 percent of
total annual generation and between 7 and 12 percent of peak power. 2/
Thus, the typical power system in developing countries needs to reduce
its losses by one third to one half. Many of the countries with higher
loss rates also have low per capita incomes and high energy costs and can
least tolerate this economic waste.

1/ See also, Chapter III, para. 3.98.
2/ cf. Energy Department Paper No. 6: Energy Efficiency: Optimization

of Electric Power Distribution System Losses; July 1982.
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Table II.2: Electric Power Lost in Transmission and
Distribution Systems in Developing Countries, 1980

Losses as percent Percent
of generation a/ of Countries b/

Less than 10 17
11-15 33
16-20 21
21-30 21
30-40 8

100

a/ Includes both technical losses and unmetered consumption.
b/ Sample of 76 developing countries.

Source: World Bank.

2.38 Reducing technical losses in transmission and distribution
requires two sets of actions:

- determination of optimal loss levels and design standards
for existing and new facilities; and

- investments in loss reduction facilities, including reactive
power control with capacitors, reconductoring, addition of
feeders, higher capacity transformers, and load switching
equipment.

2.39 Recently, general budget constraints on public investment have
induced utilities to defer reinforcing their distribution systems
because, for a year or two, doing so has less effect on the power
system's capability than failure to increase generating capacity. The
evidence shows, however, that it can be nearly three times cheaper to
save a kW of electricity by improving the distribution system than to
produce an additional kW from new generating equipment. Looked at
another way, the reduction of the distribution loss rate from 10 to 5
percent could be equivalent to one year's demand growth. Programs to
reduce power system losses are an increasingly important feature of the
Bank's work in the electricity subsector (See Box 2.3).

2.40 The scope for reducing generation losses in an electric power
system depends primarily on the marginal costs of generation, the
standards of design, maintenance and management, and occasional possi-
bilities for retrofitting thermal stations. Countries such as China and
India, where thermal generation produces more than 80 percent and 50
percent of the total power supply respectively, have considerable scope
for such improvements; energy audits of thermal generating plants should
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be carried out to determine what should be done and how. One major ne-
cessity is to restore the efficiency of existing units to their design
level, through improved management (see Chapter IV). A second necessity
is to ensure that the design of new plants is economically optimal, con-
sidering future cost structures and levels.

2.41 Another means of saving energy in the power subsector is to take
advantage of the complementarity between various energy demands. For
example, a convenient complementarity can exist between the production of
power and process heat in the medium temperature range (2000C to 4000C)
needed for many industrial processes. Waste heat from the utility can be
used by industry located close by. Cogeneration schemes involve the
production of electricity by industry, in excess of its own needs, for
sale to the utility. This type of arrangement is likely to be economic
when the industrial process requires both electricity and heat, with less
of the former than the latter. This kind of cogeneration is even more
attractive to energy users with sizable amounts of waste fuels such as
refuse or bagasse which is plentiful in many developing countries (see
Box 3.3 on cogeneration using bagasse).

2.42 In large systems, more attention to load management is
warranted. Refineries, cement factories, steel and chemical industries
have some flexibility in dramatical}Ly cutting their demand during peak
hours or during the whole day. Also, wherever electricity has been used
to substitute for fossil fuels in thermal uses, there remain idle
furnaces which the utility could use to enable it to delay the
installation of new peaking capacity.

2.43 In order to thrive, load management schemes require marketing
and tariff structures based on eccnomic costs. They also call for a
small amount of metering and monitoring equipment which technological
progress has made increasingly applicable in developing countries. The
World Bank is complementing its tra(ditional commitment to marginal cost-
ing studies by supporting system instrumentation to reduce the necessary
size of peak capacity.

G. Conclusions

2.44 The experience of the last few years has confirmed that con-
siderable potential exists for reducing the energy intensity of economic
activity and growth in developing countries. Further, there is scope for
reducing the total costs of energy used in the economy, by substituting
cheaper forms of energy for more expensive ones in both existing and new
facilities. The exploitation of th:is potential depends crucially on the
commitment of governments, institutions and enterprises to improving the
efficiency of energy use. Few developing countries have given sufficient
emphasis to this area, and in nearly all of these countries, demand man-
agement efforts, inc:Luding policy and institutional changes and the allo-
cation of investment, deserve much higher priority.

2.45 Effective demand management programs need to be selective in
their focus, but they should normally include the following:
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- identifying and realizing the substantial energy savings
that can accrue from improving the efficiency of energy use
in large energy-intensive industrial plants, in large public
and private transport enterprises (including railways),
industrial users of fuelwood and the power sector; these can
be low cost savings through better energy management,
training, or maintenance, as well as larger savings through
investments in heat recovery facilities, and modifications
to equipment and processes;

- developing an institutional and policy framework to provide
smaller energy users in all sectors with the information,
incentives and know how to improve their energy efficiency;
this includes appropriate pricing policies, fostering the
availability of energy-efficient equipment, special
financing arrangements, provision of information, and
research, development and dissemination efforts.

2.46 In the broader economic sense, a whole range of strategic and
policy choices affect the future pattern and growth of energy demand in
each country. The increased cost of energy requires more critical review
than is customary of the expansion plans of energy-intensive industries;
of policies affecting the choice of transport modes; the design of com-
mercial and insitutional buildings; urbanization patterns; sources of
primary energy for electric power, and the design and operation of petro-
leum refining facilities. The management issues posed by the links
between the energy sector and the rest of the economy are discussed in
Chapter IV.
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CHAPTER III

ENERGY SUPPLY PROSPECTS AND ISSUES

A. Ove!rview

3.01 Since 1973 all countries have made a major effort to expand

their energy production. Most developing countries quickly recognized
that higher international oil prices made it worthwhile to exploit and
develop indigenous energy resources that had previously been
uneconomic. Consequently, in most of them, stronger programs to increase
domestic energy supply became an essential feature of adjustment to the
new international energy situation. In the past, developing countries'
commercial energy consumption has grown much faster than production (5.9
vs. 3.6 percent per year respectively in 1970-80). In 1980-95, however,
through a combination of demand management and supply development, the
gap could be almost eliminated; as a group, developing countries'
production of commercial energy is projected to rise at over 4 percent a
year.

3.02 The projections summarized in Table III.1 show a particularly
high rate of growth of energy production in the oil importing developing
countries. Their indigenous energy production is forecast to grow at 6.3
percent a year between 1980 and 1995, with relatively high rates of
growth in gas and primary electricity.

3.03 These projections are ambitious in two senses. First, it is by
no means certain that sufficient financial resources will be mobilized to
implement the investment projects that will be required. And second,
even if adequate finances were available, production increases of this
magnitude will require a high degree of commitment to energy sector
development on the part of national policymakers, and the early
resolution of a variety of specific issues and constraints affecting the
development of each major energy resource. However, it is equally
important to emphasize that the projections, are both technically feasible
and economically viable.

3.04 The projections were prepared for countries individually, con-

sidering their overall energy demand and economic growth prospects. The
average economic grolwth rate associated with the projections is 4.8
percent a year over the 1980-95 period but, for the major developing
country commercial energy users, the energy projections were derived from
individual economic growth forecasts prepared as part of the Bank's
overall country economic work. The oil production projections assume a
sustained improvement of effort over the next two decades but no drastic
changes in the pace of exploration. In existing producers, it is assumed
that past rates of additions to reserves will increase somewhat, and that
ongoing secondary and enhanced oil recovery projects will yield better
results, where this seems feasible, while the development of existing
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reserves is accelerated. About half of the increase in oil production is
expected to come from already established, developed reserves and the
balance from reserves yet to be developed in fields already discovered,
or from new discoveries in known basins. The projections for natural gas
and coal were prepared on the basis of known reserves, but they are well
below the technical production potential because of logistic, economic
and market constraints. The forecasts for primary electricity production
were prepared on the basis of the projected growth in electricity demand
and utilities' expansion plans to meet that demand with the least cost
combination of generating facilities. Due to market or logistic
constraints, the projected increase in primary electricity production is
also substantially below the resource potential in a large number of
countries.

3.05 This chapter discusses the producing subsectors of energy in
turn, focusing on issues that are particularly relevant to each. Some
indication is also given of the role played by the Bank, in helping de-
veloping countries to accelerate their energy resource development.
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Table III.1: Commercial Eergy Production Trends the Developing Countries, 1970-95

Million Toe Growth Rates (% p.a.)
1970 1980 1985 19,90 1995 1970-80 1980-85 1985-95

Oil a! 63 65 105 131 145 0.3 10.1 3.3
Coal 118 192 246 316 384 5.0 5.1 4.6
Natural Gas 14 27 46 86 115 6.8 11.2 9.6
Primaary
Electricity b/ 41 98 147 211 306 9.1 8.4 7.6

TOTAL 236 382 544 744 950 4.9 7.3 5.7

All Develing Countries

Oil a/ 774 919 1069 1243 1375 1.7 3.1 2.5
Coal 294 502 598 736 886 5.5 3.6 4.0
Natural Gas 52 116 185 309 424 8.4 9.8 8.6
Primary
Electricity b/ 56 130 197 279 396 8.8 8.7 7.2

TOTAL NY 1176 166T7 2049 2567 3081 3.6 4.2 4.2

a/ Includes natural gas liquids and oil production from secondary recovery.
Includes hydro, nuclear and geothermal qlectricity. Table III.8 shows projec-
tions of electricity supply by source.
Excludes alcohol, oil shale, tar sands and other nonconventional primary energy
sources which may add a small amount (up to 10 million toe or less than 0.5
percent) to developing country energy production by 1995 but whose prospects are
too uncertain to quantify.

Sources:

1970 and 1980: United Nations J series and World Bank.
Oil Forecast. Prepared country-by-country on the basis of proven reserves
published by Oil and Gas Journal (1950 to date), and of information on
prospects for future oil exploration and development obtained from World Bank
projects, published sources and government: plans. Oil production profiles are
determined by existing reserves, additic'As to reserves and the reserve to
production ratio.

Natural Gas Forecast. Prepared country-by-country on the basis of published
estimates of proven reserves, and estimates of domestic demand obtained from
Bank sector and project work, published sources, government plans and existing
export contracts.

Coal Forecast. Based on project-by-project assessment of likely coal produc-
tion and project viability, reflecting the countries' overall energy demand and
prospects for domestic coal use and for exports. Coal production is limited by
lack of preinvestment work, manpower, institutional weaknesses and shortages of
capital.

Primary electricity forecast. Prepared on the basis of country-by-country
forecasts for total electricity supply and the least-cost generation mix to
meet that supply. Total electricity supply forecasts were based on national
power development plans, adjusted to accoumt for current Bank forecasts of GDP
growth and for limitations in the availability of individual fuels (given by
economic or physical constraints).
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B. Petroleum

Recent Trends

3.06 It is now widely accepted that there are a reasonable number of
economically justifiable petroleum prospects in the developing
countries. 1/ But, despite the rise in the price of oil, over the past
decade there has been little increase in exploration activity in most
developing countries. As shown in Table III.2, while exploration in the
oil importing developing countries as a group expanded between 1972 and
1980, it did not increase relative to worldwide activity. Moreover,
virtually all of the increase in activity has been concentrated in the
petroleum producing OIDCs and the share of non-producing importing
countries in total drilling has declined considerably since 1972. The
expanded programs of national oil companies in three countries -
Argentina, Brazil and India - alone account for almost 60 percent of the
increase in exploratory drilling in all oil importing developing

countries over the period. (See Figure III.1).

1/ See, for example, Third World Petroleum Development: A Statement of
Principles, National Petroleum Council, USA, 1982.
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;'Li ie 111.2: EKpIoration Activity in Oil TInportirg DLvelopirg Countries,
1972-80

1972 1974 1976 1978 1980

SeIsmic Activity (line-ThM 000)
Producing Countries n.a. 69 128 197 238
,m,baproducing Countries n.a. 61 39 55 61

i'U atal n.a., '30 167 252 299

eqxloratory Wells
Producirg 338 380 424 431 497
Nbnproducicng 35 39 47 38 36

Total 373 419 471 469 533
of v-bich:
Majors 64 60 78 71 106
Foreign national oil

cmppnies 1if 14 20 19 22
Foreign independents 1] 14 21 34 9
Dcaestic independents 8 11 3 10 17

Subtotal 99 99 122 134 154

National oil capanies 274 320 349 335 379
Argentina, Brazil, India (183) (242) (235) (223) (275)
0 dlk-' rs (91 ) (78) (114) (112) (104)

Total rtufer of wells
viorldwide 10,437' 11,591 12,808 15,207 17,290

mrber of wlls in O-IDCs
as % of ~rld total 3.6 3.6 3.6 3.1 3.1

Sairce: World Bark estimates based on consultant studies.



Figure MA: Who Does the Exploration in Developing Counties?
(Average Data for 90 Developing Countries, 4972-84)
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3.07 While caution is always required in assessing whether the pace
and distribution of petroleum exploration are appropriate, recent trends
appear less than desirable. The exploration results summarized in Table
III.3 at least partly reflect these trends. 1/ Gross additions to oil
reserves in the OIDCs have fallen short of production rates and are a
small fraction of the increases elsewhere. Moreover, the record is worse
than shown in the Table, since oil reserve additions were also
concentrated in very few countries. This pattern reflects a combination
of circumstances unfavorable to the OIDCs, notably the competition of
already-producing areas (particularly the US and Canada which have
attracted a very large share of the growth in exploration), and the time
taken by governments to adjust their legislative and contractual
frameworks to new circumstances and for the petroleum industry to adjust
to changes in the political environment.

Prospects and Strategies

3.08 These recent trends highlight the need to accelerate the pace of
exploration in the developing countries, particularly in the oil
importers. To bring about such an acceleration will require closer
collaboration between international oil companies (IOCs) and developing
countries, purposive action by developing countries to improve the
policies and legislation affecting petroleum exploitation and measures to
increase the efficiency of national oil companies.

3.09 For host governments, the principal task is to formulate a clear
and realistic petroleum development strategy which would set out the
contribution that could be made by various sources of technological know-
how and finance. These sources include domestic and international
private oil companies, commercial and official credit agencies and the
national oil company (NOC). For example, key decisions must be taken on
the division of labor between IOCs and a national oil company, on
alternative mechanisms for collaboration (such as joint ventures, service
contracts, etc.) and on how best to promote the local acquisition of
relevant technical and managerial skills.

1/ "Partly" because causality undoubtedly runs two ways: results are
poor because activity is limited and insufficiently diverse; but at
the same time the pattern of activity is partly attributable to poor
results.
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Table III.3: Oil and Gas Reserve Changes in Developing Countries, 1973-81
(billion barrels of oil equivalent)

Oil Importing All
Developing Developing

Countries Countries

Reserves, year end 1972
Oil 1.2.4 488.8
Gas 7.3 170.0

TOTAL 19.7 658.8

Gross additions to reserves,
1973-1981

Oil 4.9 177.3
Gas 19.2 121.6

TOTAL 2i4.1 298.9

Cumulative production,
1973-1981

Oil 5.4 119.0
Gas 3.4 9.2

TOTAL 8.8 128.2

Reserves, year end 1981
Oil 1.1.9 547.1
Gas 23.1 282.4

TOTAL 35.0 829.5

Source: World Bank estimates based on information from Oil and Gas
Journal and British Petroleum Statistical Review.

3.10 To formulate and manage a petroleum sector strategy effectively,
most developing countries need to strengthen their capabilities in the
following areas:

- Promotion. Public agencies need to be able to identify
"promotable" areas, package and present related technical
data for foreign oil companies, explain the applicable
legislative/contractual framework, conduct publicity
campaigns and negotiations.

- Monitoring of activity. Public agencies need technical
skills to represent the national interest adequately, for
example to review or react to IOC exploration programs and
to identify specific opportunities to be followed up by
nationals as the IOC's work progresses.



- 42 -

- Administration and management. Countries must be able to

maintain and retrieve reports and information, deal exped-
itiously with requests for a wide range of approvals, audit
IOCs' financial accounts and maintain internal accounts.
When public petroleum agencies become fully operational,
they must acquire associated corporate skills in
organization, capital budgeting, project control, and so
forth.

3.11 Nearly all Bank loans in petroleum have assisted the borrowing
country in formulating petroleum development strategies. For most of the
countries covered by the Bank's oil and gas program, promotion is the
most urgent requirement. Bank assistance has been particularly valuable
to countries in the development of an exploration plan or strategy, in
larger countries (notably India, Pakistan, Turkey, and Peru) as well as
smaller countries with less petroleum experience (Equatorial Guinea,
Jamaica, Liberia, Madagascar) (See Box 3.1 on the World Bank's petroleum
exploration promotion projects). While the Bank's program has emphasized
promotion, it has also included training to prepare NOCs to monitor and
interpret the results of exploration activity and, in certain cases,
engage directly in exploration when the priorities of the international
industry do not match the priorities of the country and where the NOCs
have the capacity to do so.

3.12 Role of the International Oil Companies. International oil
companies (IOCs) have made major contributions to the development of
petroleum resources in developing countries, not simply in their share of
exploration (roughly 25 percent of developing countries' annual explora-
tory wells), but in the success of their exploration/development
programs. They are major sources of risk capital and they bring a wealth
of management experience and up-to-date technological expertise to any
project they are involved in, thereby facilitating the mobilization of
debt capital as well. And, no less important, they bring a variety of
ideas and approaches to the exploration/development process which should
be especially prized in many developing countries where exploration has
not yet been successful. Whether or not these companies invest in
exploration in developing countries depends to a large extent on actions
by the governments of those countries. Studies commissioned by the World
Bank and others have identified several common deterrents to IOC
exploration in the developing countries. These include:

- the companies' perception of the geological prospectivity of
developing countries;

- legislative and contractual frameworks which limit access to
acreage or the right to export petroleum, or fail to provide
adequate financial incentives;

- unstable economic and political conditions;

- cash constraints.
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3.13 Geological prospectivity is fundamental to international oil
companies' assessment of new exploraticn ventures, especially in oil
importing developing countries where less information is available.
While no country can change its geology, it can facilitate access to
existing data and in some cases generate new information through low risk
and low cost investments in the orderly compilation of existing
geological data and in the limited acquisition of new data (aeromagnetic
or gravity surveys, reconnaissance seismic surveys or even, in some
limited cases, drilling).

3.14 Such investments improve the government's knowledge of a
country's petroleum prospects and enable it to design a strategy to
attract interest from a wider spectrum of IOCs, rather than waiting for a
company to make a proposal. Good information would, at a minimum, reduce
IOCs' perception of technical risk and, hopefully, help stimulate new
interest in exploration by identifying new exploration plays or
concepts. Even if they fail to do the latter, these programs may be
justified: national policy planning will gain from a better understand-
ing of the country's petroleum potential, and prospects may be identified
which, though of no interest to the international industry, are of
economic merit from the country's point of view.

3.15 Loans to support such improvements in geological data are a
feature of the World Bank's petroleum program. Guinea-Bissau and the
Philippines provide examples. Past programs mounted by IOCs in Guinea-
Bissau had proved unsuccessful and all acreage had been abandoned. The
Bank agreed to finance Guinea-Bissau's share of a new offshore seismic
campaign with remaining financing put up by the seismic operator on a
speculative basis. The data produced, integrated with previously
acquired data, were then sold to industry. The proceeds covered the cost
of acquisition and the number of companies expressing serious interest in
the country increased from two to twelve, with contract negotiations
underway. In the Philippines, a recent:ly approved Bank project will
finance a phased seismic and drilling program, over areas which interna-
tional companies had identified as possibly interesting to the
Philippines though not to themselves, on account of the probable small
size of any discovery. The data acquired will nevertheless be made
available to industry as work proceeds.

3.16 The legislative and contractual framework governing petroleum
exploration and production is at least as important to the lOCs as the
geological potential or the cost of exploration when it comes to deciding
on new ventures. I1t is therefore important that when host governments

have decided to encourage international companies, they should act to
minimize administrative and physical obstacles to these companies'
efficient operation. The contractual teirms offered by the host govern-
ment will form the framework within whichi an IOC will evaluate the risk
of a proposed venture as well as its expected return. Thus they should
provide reasonable answers to the concerns of such companies (division
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and repatriation of profits, eligibility for foreign tax credits 1/,
right to explore and develop as well as control of operations and reason-
able arbitration procedures). While the Bank has not been directly
involved in contract negotiations, its familiarity with many contracts in
different countries has made it an objective source of advice on dif-
ferences of opinion between oil companies and host governments (see para.
3.20).

3.17 IOCs are probably prepared to step up exploration in several
developing countries which presently restrict access to prospective acre-
age, and particularly in those which are relatively large producers with
established national oil companies (for example, Brazil, Ecuador, India,
Peru, Turkey). Policies that unduly restrict access to acreage can be
disadvantageous to the host country. Where they result in even modest
delays (one to two years) or cost increases (10 to 20 percent) versus the
alternative of inviting immediate IOC participation, all the financial
benefits of having refused to share the benefits of successful
exploration with the IOCs are likely to be lost. And, of course, such
policies shift all exploration risk to the host country.

3.18 The World Bank has increasingly emphasized the benefits of an
open door policy. India, Pakistan and Turkey are among those countries
which have recently taken steps to release acreage held by the national
oil company to international industry, with some encouraging preliminary
results.

3.19 Concern for the right to export crude oil may limit IOCs' inter-
est in exploration where prospectivity and the size of the host country's
internal market for petroleum make exportation very unlikely. Integrated
IOCs with sizeable downstream demands for petroleum, or foreign national
companies with "briefs to secure crude oil supplies for their home
countries, are likely to place a premium on offshore access to produc-
tion. Other companies may value the right to export because it provides
assurance of a minimum access to foreign exchange. Though an oil import-
ing country can hardly promise to export oil, increased attention might
be paid to ensuring that contracts allow any revenues from domestic sales
to be converted expeditiously into foreign exchange. This is of
particular importance because it is virtually impossible to mobilize
financing on a non-recourse basis when export revenues are not available
to secure debt repayment.

3.20 Several countries have recently made conditions more attractive
to IOCs. Peru and Turkey have improved the contractual terms offered.
Equatorial Guinea and Liberia have established a new legislative frame-
work whereby petroleum exploration contracts can provide for incentives
attractive to IOCs. The Bank has consistently advised governments to be

1/ Certain provisions of tax law in the US significantly reduce the
profitability of international exploration for US companies.
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pragmatic, making their acreage competitive while ensuring that returns
would be shared satisfactorily under different circumstances. Most of
the Bank's exploration promotion projects provide for experts to advise
the government on petroleum laws, contracts and negotiations, and help
build mutual confidence between the [OC and the host country. The Bank
has also concerned itself directly with some of the more significant
issues in these areas and developed or promoted new alternatives. For
example, it has encouraged the consideration of fiscal systems which, in
accordance with a predetermined or negotiated formula, adjust government
revenues in direct relation to the IOC's actual profits as measured by
its discounted cashflow return on investment.

3.21 IOCs are of course not only concerned about the investment
framework at a particular point in time but also in its likely stability
over 10-15 years. Sometimes assurances of such stability are written
into the contracts companies make with governments. Among the other
options available is the maintenance of a World Bank financial presence
during the exploration and/or development phases.

3.22 The Bank has developed several, instruments to ensure its
presence during exploration, mainly to limit private investors' percep-
tions of political risk. Discussions with IOCs suggest a good deal of
interest in such arrangements, although so far there have been few
projects in which Bank participation is specifically intended to
stabilize a government/investor relationship. One example is the
recently approved petroleum project in the Ivory Coast; the Bank also
played this role in exploration projects :Ln Pakistan although these did
not involve direct Bank financing. Ihe Bank may do more in this area as
more countries receive international oil companies for the first time and
as, hopefully, smaller oil companies consider increasing their explora-
tion in developing countries.

3.23 Any new incentives to IOC exploration should be widely
publicized by the host country. Most. larger countries are accustomed to
mounting the required promotional efforts and the larger TOCs are
generally well equipped to keep abreast of new developments. But for
smaller countries and with smaller companLes more promotion is probably
required.

3.24 Promotional work is a feature of close to half the petroleum
loans approved by the Bank to date. It may be that, with enough informa-
tion, middle-sized or smaller oil firms could be attracted to invest in
developing countries. Many of the projects identified in these countries
may, under the right circumstances (for example with a World Bank
presence), be better suited to the independent oil companies than to the
larger internationals. Independents may be willing to look at smaller-
scale projects (such as the appraisal of one- or two-well discoveries);
they may be unconcerned about physical access to production; or they may
be prepared to enter into less conventional arrangements such as manage-
ment contracts.
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3.25 The Bank has found that the issues outlined above can be
addressed constructively and resolved. Projects that have completed the
first promotion cycle have positive results and as indicated earlier,
interest in ongoing projects is strong despite the less than favorable
market conditions. Shortages of cash have, however, become an
increasingly serious constraint on investments by IOCs in exploration and
production. More consideration might usefully be given either to con-
tracts which involve these companies in exploration and production in
return for a management fee plus a performance incentive (so that the
company need advance no capital) or to the government's direct participa-
tion in exploration. Though in certain cases such forms of contract may
be the only way to maintain the momentum of exploration, their use
requires caution, since they shift the burden of risk and finance on to
the host country.

3.26 As the reserve additions shown in Table III.3 suggest, a signif-
icant number of developing countries are gas prone. IOCs have shown
little interest in exploring for gas except in the very few cases where
actual or possible export-scale projects have been identified (Algeria,
Cameroon, Indonesia and Nigeria). Their reservations about developing
gas supplies for domestic consumption stem from the lack of transmission
or distribution facilities, from gas pricing practices (see para. 3.54
below), and from the difficulty of converting the proceeds from domestic
sales into foreign exchange. While gas is of little interest to IOCs it
can help the country materially to reduce energy imports. Given this
difference in perspective, in several countries exploration of gas-prone
areas will probably have to be done mainly by national oil companies
(Western Desert in Egypt, and in Pakistan). As explained below (para.
3.43 onwards) much could be done to accelerate the development of gas
resources which have already been discovered and to encourage IOCs to
explore for gas in developing countries. The Bank can and has already
played a very important role in this field in a growing number of
countries including Bolivia, Egypt, Morocco, Pakistan and Thailand. This
role may increase in the future as companies are trying in a number of
cases to associate the host government in the appraisal and development
of gas resources, partly because of shortages of funds, and partly
because gas development projects for export and/or domestic use are much
more closely linked to government policies than oil projects (Tanzania,
Sudan).

3.27 The Role of National Oil Companies. National oil companies
(NOCs) are an arm of the government in managing the petroleum sector.
They vary widely, from the small units in charge of distribution in many
African countries, to a fully integrated oil company in Brazil. National
oil companies serve two important functions. First, they can assist the
government in developing a petroleum sector strategy and in managing the
activities of the private sector in petroleum exploration and
development. However, it is important to ensure that the policies of the
national oil company do not become de facto the country's petroleum
development policy and that there is a staff capability at the national
level to review and monitor the work of the NOCs. The second function of
NOCs is to carry out an exploration and development program, either alone
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or in association with private companies, where direct public sector
execution of such a program is an appropriate part of the country's
petroleum development strategy.

3.28 It is quite common for exploraition to be worthwhile from a
country's point of view and yet of no interest to IOCs, where:

- Host country and IOC priorit[es differ markedly. A devel-

oping country facing crippling petroleum import bills and
few short-term options is likely to assign a much higher
priority to accelerating the pace and/or broadening the
scope of exploration (in that country) than is an IOC facing
a wide range of possible projects around the world. The IOC
has to allocate its own limited technical and managerial
talent to those projects which promise it the highest
returns. A project being promoted by a country may have
economic merit but simply not rank as high as projects
elsewhere on the IOC's list. The IOC can afford to wait; it
may even feel constrained to wait by cashflow
considerations, particularly in the current environment.

- Pre-tax economics justify proceeding but post-tax economics
do not. Obviously a country appropriately calculates
benefits and costs on a pre-l:ax basis; an IOC on a post-tax
basis. Even under generous fiscal provisions (for tax plus
other payments to government) there may be as much as a
US$5 to US$8 per barrel difference 1/ between the
anticipated project cost which will cause an IOC to abandon
its interest in exploration and the cost at which the
economic benefit to the host country vanishes.

- Exploration promises larger benefits to the country than

those which would accrue to an individual IOC investor, for
example, by making adjacent acreage not leased by that
particular company, more attraLctive to other investors; and

- IOC interest has lbeen constrained by strategic rather than
strictly economic consideratiLons; for example, a lack of
interest in gas, or in developing supplies that are unlikely
to be exportable.

3.29 In the Bank's experience, such circumstances create a large
number of specific opportunities for direct public sector sponsorship of
exploration. A cautious approach should be adopted in pursuing such
opportunities, for example by concentrating first on ventures where
technical and commercial risks are low, for which national competence
exists, or for which experts can be contracted on reasonable terms.

I/ 1982 dollars. Future revenues and costs discounted at 10 percent.
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3.30 The Bank has approved eight projects for exploratory drilling by
national oil companies, targeted at specific opportunities rather than as
part of a broad exploration program. The Philippines project follows the
prescription implied by the two preceding paragraphs: clear potential
for country benefit; limited risk (a phased exploration program over an
area with recognized petroleum potential); absence of IOC interest; a
national oil company with demonstrated competence; and a commitment to
contracting expertise from international oil companies as appropriate.
Projects in other countries repeat the pattern. In Bolivia, for example,
the Bank sponsored delineation (rather than wildcat) drilling which de-
monstrated that gas reserves were sufficient to justify an export pipe-
line to Brazil. As a result, IOCs present in Bolivia but reluctant to
invest further in exploring gas-prone areas began to express new interest
as their prospects of participating in an export project (a condition of
the Bank loan) grew brighter. In Tanzania, Bank credits have financed
the appraisal of a known offshore gas structure abandoned by the industry
as too small to be of commercial interest. The Bank-sponsored program,
implemented by internationally recognized exploration and drilling con-
tractors in cooperation with the national oil company, has proved up
sizeable reserves. Options for local use of the gas are now at an ad-
vanced stage of review. At the same time the government has pursued an
active exploration promotion program which has resulted in the extension
of an existing contract and the signing of three new ones. Similar
projects are underway in Egypt, India, Morocco, Portugal and Turkey, and
more are likely to be undertaken.

3.31 Given the strategic importance of the petroleum sector, some
countries wish to develop their own capability, to avoid exclusive de-
pendence on foreign capital and know-how. Given the very large capital
requirements and special technology of the petroleum industry practically
no oil importing developing country has developed even a fledgling capab-
ility in the private sector. Hence, the role of the state-owned oil
companies has grown, especially in larger developing countries with es-
tablished petroleum sectors. Where national oil companies are
sufficiently technically competent and financially independent to under-
take complex capital-intensive exploration programs (as they are, for
example, in Argentina, Brazil, India, Peru, Yugoslavia), the Bank will
consider supporting their efforts. Bank presence contributes to improv-
ing project design and implementation as well as to strengthening the
managerial capacity of these institutions. A recently approved loan to
India's national oil company will finance a part of its exploration
program in a prospective offshore basin.

3.32 The Bank's dialogue with national authorities is a very import-
ant part of loan preparation. The dialogue focuses not simply on the
specific project but on exploration strategies for the country as a
whole. Typically this involves matching exploration targets with the
financial and human resources available to the national entity, discuss-
ing acceptable levels of national risk, and considering the role of IOCs
and international oil service companies. Typically too, considerable
time is spent discussing how to make the national company more effective,
not only in those programs which it undertakes alone but also in those
which it undertakes jointly with the international industry.
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Development

3.33 Moving from petroleum exploration to development is a continuous
process whereby additional data are acquired and analyzed, leading to
decisions on whether to commit additional expenditures. A distinction
between these phases is commonly used in the industry, however, referring
mainly to the mode of their financing.

3.34 In most producing OIDCs, petroleum is produced from a variety of
fields, some at an early stage of development, some mature and some
virtually exhausted. Experience has shown that problems are most likely
to occur at the early stage of production and when producing fields start
to decline. The process of appraising a discovery, until the operator
can finally decide on its commerciaLity, can take months and possibly
years, depending on the nature of the discovery (oil/gas), its location
(onshore/offshore), and the terms of the exploration/production agree-
ment. This is the time where the relationship between the IOC and the
host government is most vulnerable, or when inefficient decision making
may cause an interesting discovery to be abandoned. At this stage, in-
vestments in appraisal delineation drilling, reservoir studies and
assessment are critical, but the willingness of IOCs to undertake them
depends on their perception of future profitability, while NOCs, even
where they have the technical skills, may be constrained by the
availability of funds. During this phase, a project may be delayed by
inadequate information, slow decision making, and/or lack of alternatives
to contract terms which did not foresee the situation.

3.35 Delays may also be caused by difficulties in mobilizing finance
for the large investments that are generally necessary at this stage,
particularly for offshore development. Early in the development stage,
reserve estimates are often too uncertain to be used as a basis for
raising project finance. While an IOC may be able to raise its share of
finance from commercial sources supported initially by a corporate
guarantee, a government may not have this option. Unless resources can
be mobilized from other sources such as the World Bank, the government's
only alternative may be to reduce its participation and thus its
benefits.

3.36 The evaluation/delineation process may result in a discovery
which is economic for a country but not for an IOC. This may be because
the field is too small to become economic for the IOC under any reason-
able terms that could be negotiated, or because the discovery is some
distance from the market or export points, so that the company wishes to
accumulate several more discoveries before deciding to proceed with a
full evaluation (e.g. Chad, Niger, Sudan). A government may wish to
appraise and develop such a discovery at it:s own risk. This situation is
often contemplated in petroleum agreements which provide for further
appraisal and development of such a discovery at the government's "sole
risk". To pursue this option a government would require funds urgently
for appraisal drilling until the discovery is proved sufficiently
economic for finances to be mobilized commercially.
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3.37 The World Bank can help significantly to accelerate the

appraisal and development of discoveries made by national oil companies
by providing enough funds and continuity to move smoothly from the
"wildcat" phase to the evaluation phase. In Morocco, for example, the
Bank financed an exploration program which resulted in a potentially
significant discovery. The Bank was then able to direct resources from
further exploration to the evaluation and further development of the
resources discovered, mobilizing technical assistance and providing the
necessary financing which was not available from commercial sources.

3.38 Enhanced Recovery. While the problems of early development of
petroleum discovery are important, the eventual efficient recovery of the
reserves already proven also requires attention in developing
countries. In most of them oil is still largely produced through primary
depletion of the reservoirs, which at best recovers only 5-25 percent of
the oil in place. Methods to maintain reservoir pressure such as
water/gas injection or assisted recovery (gas lift, pumping), are being
used but not to the extent proven feasible in industrialized countries,
where pressure maintenance is now applied routinely from the outset of
production. These projects, or more generally the rehabilitation of
fields which have been producing for a long time, often imply large
outlays of finance and manpower relative to the incremental production
expected. It is generally true that investments based on established
reserves have a lower technical risk, and so are more attractive to the
financial community. However, the first enhanced recovery project in a
field will be risky since the technical processes involved are not
proven. Here, the Bank's participation in designing and implementing a
"replicable" technical package can not only increase production but also,
by proving the usefulness of a new technique, open the way for future
commercial financing of similar projects. To make such investments at-
tractive to an IOC may require a specific agreement to ensure an adequate
return on its capital. While some progress has been made in negotiating
such agreements, particularly in Latin America, there are still consider-
able difficulties to be resolved:

- NOCs or host governments are usually slow to agree to
adequate pricing provisions, mainly because it is very
difficult to predict the incremental production from this
type of operation, particularly if it has not been tried
before in the country.

- Field rehabilitation and pressure maintenance projects have
long gestation times and may never produce spectacular
results; managers of national oil companies tend to prefer
investments in exploration which, while admittedly more
risky, have potentially higher returns.

- Such projects require sophisticated technology and expertise
which NOC staff may not be familiar with and may therefore
be reluctant to use.
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Finally, the accountability of the NOC in such projects is

greater than in explorat:ion, where anything approaching the
world average success ratio is considered acceptable.

3.39 World Bank projects are addressing these issues in China, Peru,
Romania, and Turkey. In several other development/exploration projects,
studies have been initiated to assess the feasibility of enhanced
recovery and provide governments and NOCs with the necessary information
to consider developing such projects.

3.40 In summary, the World Bank can assist developing countries in
accelerating the realization of their petroleum potential in a number of
ways. The Bank can help countries in developing a realistic and
appropriate petroleum sector strategy; it can help the countries to
promote prospective acreage to the international oil companies so as to
increase the level of private sector activity in the country; and it can
help the government in financing its own program of petroleum exploration
and development, wherever this is part of the apropriate petroleum
development strategy for the country.

Natural Gas

3.41 One of the most important conclusions of the Bank's recent ex-
perience in gas development is that the costs of gas development are
lower, and the potential domestic demand higher and more diverse, than
previously believed. Recent Bank studies also demonstrate that the cost
of producing and transporting gas is well below the border price of
imported petroleum fuels. In a large number of developing countries,
better utilization of natural gas resources can greatly reduce dependence
on oil imports or allow larger oil exports.

3.42 Natural gas reserves exist in about 50 developing countries,
including 30 which import oil. Many gas deposits, mostly found in the
process of exploring for oil, have not been fully evaluated because of
the lack of immediate incentives to invest in their development. Proven
reserves therefore underestimate poteantial supply, and in many countries
they are being reevaluated upward, as governments become aware of the
potential contribution to domestic energy supply. For many developing
countries, even currently proven reserves of gas could supply about half
of their long-term commercial energy needs,

3.43 Bank projections indicate a potential fourfold increase in na-
tural gas production in developing countries, from 116 million toe in
1980 to about 424 million toe in 1995. nTis rapid growth rate is higher
than those projected for other fuels, even though it is based on conserv-
ative estimates of domestic and export markets. Because of long lead
times between discovery and use of gas and. the slow rate of its develop-
ment, production is also far below the potential that could be
technically and economically supported by current proven reserves. In
about 15 developing countries with sizable gas reserves, current produc-
tion levels are on average only 16 percent of the level that current
proven reserves could support.
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3.44 Over 70 percent of the gas produced in developing countries is

expected to be consumed domestically; only a few countries are potential
exporters in this century. For developing countries as a group, the
share of gas in commercial energy consumption is projected to grow from 7
percent in 1980 to about 12 percent in 1995, with the volume of consump-
tion growing at 8.5 percent a year. In some developing countries, such
as Bangladesh and Pakistan, gas is expected to supply half the additions
to commercial energy consumption over the next decade. Over this period
developing countries as a group are likely to use 50-75 percent of their
domestic gas consumption as fuel in electric power and industry, another
20-40 percent as feedstock in fertilizer and petrochemicals, and 5-10
percent in the residential and commercial sectors. In many countries
with limited industrial infrastructure, particularly in Africa, the share
of gas used for power is expected to be even higher than the average.
However, achieving these substantial changes in the energy mix will
require a strong commitment to formulate policies, and to build and
strengthen institutions in all gas producing countries.

3.45 Gas for Domestic Use. In many countries, following gas
discovery, the immediate question has been whether or not it is export-
able. Recent studies by the Bank indicate that developing gas for domes-
tic uses often provides much greater benefits to the economy, which can
also be realized sooner, since such investments mature more quickly than
those for export. This, together with the large front-end costs of
liquefied natural gas (LNG) projects, the uncertainty of export prospects
in the next decade and the lack of direct linkage to economically produc-
tive sectors, makes the domestic market the more important one for most
countries.

3.46 Given the lumpy investments necessary for gas development, a
long time horizon is needed for investment decisions and the estimation
of production costs. A Bank study recently estimated the long-run
marginal cost of producing and transporting natural gas, in ten countries
which have a variety of reserve and production characteristics, so that
their results can be extrapolated to other countries. 1/ 2/ For these
countries, the long run marginal cost of nonassociated gas ranges from
US$10-55 per toe at the wellhead and from US$12-75 per toe (equivalent to

1/ The LRMC is estimated by dividing all discounted capital and
operating costs by the discounted gas volumes. The discount rate
used is 10 percent a year. These estimates exclude taxes and royalty
payments; they also exclude a depletion premium reflecting the
scarcity value of the resource.

2/ The ten countries are Bangladesh, Bolivia, Cameroon, Egypt, India,
Morocco, Pakistan, Tanzania, Thailand and Tunisia.
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$1.65 to $10.25 per barrel of oil) at the distribution gate. 1/ Most
developing countries are at an early stage of gas development and the
long run marginal cost of gas is unlikely to rise. In all cases, the
cost of gas at the distribution gate is far below the cost of imported
petroleum products.

3.47 The marginal cost of associated gas, produced jointly with oil,
is more difficult to estimate, and needs further study. The wellhead
cost in most cases is negligible and the development and transmission
costs are similar to those of nonassociated gas. In some countries, such
as Brazil and Egypt, the cost of associated gas is low. But where fields
are scattered, as in Nigeria, associated gas is more costly than non-
associated gas and its use may not be as economic as commonly believed.

3.48 Both associated and nonassociated gas include, in various pro-
portions natural gas liquids, of which liquefied petroleum gas (LPG) and
natural gasoline are a part. Since these products are easily marketable
and are generally more valuable, the cost share allocated to lean gas on
a heat equivalent basis, after allowing for the other joint products, is
often very small.

3.49 The Bank has also reviewed the economics of natural gas use in
the developing countries. Preliminary results from studies on the value
or "netback" 2/ of gas in a variety of uses in the power, industrial,
fertilizer and petrochemicals, and residential sectors, indicate that gas
is an economically attractive fuel in most uses. The studies also show
that the ranking of different uses is a highly country-specific and com-
plex procedure. In planning gas utilization strategy, the netback values
of gas in different uses, as well as the net present value and quantities
of gas used for different projects, should all be considered. However,
some general conclusions can be drawn, which are illustrated in Table
III.4.

1/ These estimates are for large gas users. The costs of residential
distribution would add about US$86-450/toe for burner tip
equivalence. The range depends on population density, volume of use
per household, and whether the city is existing or new. In many
cases gas competes favorably with kerosene and LPG and it is cleaner
to burn than most other fuels.

2/ The "netback", or the average value of gas in a particular gas-using
project, represents the gas price that would cause the project just
to break even. It is defined as the present value of the net
benefits of the project, excluding the cost of gas used, divided by
the present value of gas consumed in the project. Both the net
benefits and gas volumes are discounted to take account of their
differing time streams.
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3.50 The use of gas to generate electricity and as a boiler fuel can
provide large economic benefits, and in many countries this will consti-
tute a major part of the total gas use. This is an important result for
planning gas use because in most countries these markets already exist
and can be tapped speedily and with relative certainty. The technology
of conversion is well established and the required investments, both in
infrastructure and equipment, are generally well justified by the econo-
mic savings from using domestic gas rather than liquid petroleum fuels.
Once the distribution network for the main power and industrial users is
set up, the cost of delivering gas to other users nearby also drops
sharply, and additional markets for gas become economic.

3.51 The value of gas in the power sector and as an industrial boiler
fuel depends on the costs of fuels it replaces, together with any capital
cost savings. When used for small, peaking power units, gas can be very
valuable, but the volume of gas thus used is generally small. For base
load power generation, the netback for gas may range from US$310 per toe
when gas-fired combined-cycle plants can substitute for oil thermal
plants, to US$210 per toe where gas is simply substituting for fuel oil,
and to US$130 per toe in a system based on coal and hydro power. The
comparison between hydro and natural gas power systems is complex and
netbacks depend largely on specific hydro costs, which can vary from less
than one thousand to several thousand dollars per kW.
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Table III.4: Illustrative Netback Values for Natural Gas
in Developing Counitries a/

(1982 US dollars)

Netback
Use ($/toe)

Power Generation - peak (new diesel) thermal 340
- base (thermal system) 210/310
- base (hydro/coal system with coal

replacement) 130/180

Fertilizer - developed site, domestic market 225/350
- developing site, limited infrastructure, 140/245

export market 120/250
- developing site, limited infrastructure,

domestic market 215/335

Residential/Commercial
Distribution - existing city, without

space heating 80/215
- new city, with space heating 330/380

LNG - small scale, limited infrastructure 90/100
- large scale, with infrastructure 130

a/ The assumptions underlying these estimates are given in Annex 3.

Source: World Bank staff and consultant estimates.

3.52 The value of gas in urea production also varies widely from
country to country depending on whether t:he fertilizer is for domestic
use or export, the location of the country in relation to the export or

import center, and the state of existing infrastructure. Moreover, be-
cause of transportation costs, export oriented fertilizer projects
generally yield lower netbacks than those for the domestic market. In
the former case the netback falls as the distance to export markets
increases. Netbacks for ammonia/urea are sensitive to end-product prices
which have recently been fluctuating substantially. Since gas accounts
for a much lower proportion of total costs in these cases than, for
example, in power, varying assumption on tend-product prices or the cost
of capital have a disproportionate effect on the gas netback value.

3.53 Where a gas transmission system exists or where one has to be
built for industrial loads, residential/commercial gas distribution will
often be worth considering. The most: promising situations are medium to
high density new urban developments, particularly where the housing is
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being planned and there are space heating as well as water heating and

cooking needs. Residential gas use in developing countries is usually
small. In many countries it will remain so, but in a number, such as
Iran, Turkey and Pakistan, this market could be significant.

3.54 The netbacks in Table III.4 should not be the sole criteria for
ranking and selecting projects. Other factors such as financing require-
ments (often billions of dollars for LNG), financial and economic risks,
foreign exchange availability, the impact of projects on employment, and
the technical and physical aspects of each alternative, need to be taken
into account. In addition, the quantities of gas and the rate at which
markets grow vary substantially from use to use. If there is not enough
gas to meet all competing demands, the low volume uses with high netbacks
may have to be traded off against higher volume alternatives yielding
lower netbacks. In general, the first step in the selection would be to
maximize the aggregate net present value of all the projects which could
be supplied with the gas available.

3.55 Unconventional uses of gas represent a small share of total gas
consumption, but they can be of particular importance to some countries
and regions. In recent years, there has been significant technical pro-
gress in using gas as compressed natural gas (CNG), LPG, or methanol in
transport, though confined so far to a few countries (notably Canada,

Brazil, Italy, the Netherlands, and New Zealand). As the transport
sector accounts for about one half of total petroleum consumption in many
developing countries and even more in some African countries, the
economics of using gas as a transport fuel on a large scale deserve
attention. Countries with large gas resources at a low cost, and where
gas is transported to major cities, may find this worthwhile. The Bank
has financed pilot projects in Bangladesh, Egypt, and Thailand
investigating the potential use of CNG and LPG. Unconventional and

marginal sources of gas, such as flared gas and coalbed gas, and gas
pockets, have not been tapped in many countries. Again, technologies
exist to make their use possible, but the economics have to be carefully
evaluated.

3.56 Gas Pricing. Producer and consumer prices have an important
bearing on gas development and use. Low producer prices and difficulties
in achieving pricing contracts have discouraged companies from exploring
for gas or developing it once it has been discovered in a number of
countries, including Nigeria, Papua New Guinea and Tunisia. Pricing
disputes in Pakistan have reduced production far below demand and
potential supply. Where consumer prices have been below long-run
marginal costs of supply, gas utilities have made insufficient profits to
support investments, particularly in transmission and distribution
systems.

3.57 Prices should be linked to the economic value of the resource.
Border prices are a good measure of this value when the gas is a trade-
able commodity. Where this is not the case the economic value of gas is
determined by comparing demand and supply over time to ascertain the
marginal use of the gas as development proceeds. Since the demand and
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supply balance changes over time, prices should be flexible but predict-
able. In Pakistan, for example, prices that may have been justified ten
years ago do not allow for the higher marginal value of gas in today's
market. In all cases the long-rnm marginal cost will have to be
considered along with other criteria such as the government's perceptions
of the value (depletion allowance or rent) of gas as a depletable
resource, impact of prices on the financial viability of gas producing
and transporting entities, ease of administration, and the ability to pay
of different consumer groups.

3.58 Exports. Natural gas exports from developing countries as LNG
or by pipeline grew rapidly from 5.5 million toe in 1970 to about 40
million toe in 1982. Trade in LNG has grown more rapidly than the gas
export market as a whole and developing countries, notably Algeria and
Indonesia, account for 55 percent of current world LNG exports. (See
Table III.5).

3.59 Over the next few years, trade in natural gas is expected to
grow more slowly than in the 1970s. About 10-20 possible LNG projects in
the developing countries are being reviewed at present. 1/ There is a
potential market for these exports principally in Japan and in Western
Europe, but given the state of world demand these projects will compete
with each other and only a few may be realJized in the coming decade.

Table III.5: Major Gas Export Projects In Developing
Countries, 19832

Gas Volume (MMCFD)
Exporter Pipeline LNG Total Destination

Afghanistan NA - NA USSR
Algeria 930 930 France
Algeria 565 565 USA
Algeria 250 250 Belgium
Algeria 450 450 Spain
Bolivia 200 200 Argentina
Indonesia 1085 1085 Japan
Iran 380 380 USSR
Mexico 288 288 USA
TOTAL 868 3270 4148

(excl. Afghanistan)

Source: Institute of Gas Technology, December 20, 1982.

1/ These include possible exports from countries such as Cameroon,
Nigeria, and Trinidad & Tobago, which are not currently in the LNG
trade.
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3.60 LNG export projects require large proven reserves of at least

40-50 million toe ( 1.5-2.0 trillion cubic feet), large investments in
equipment and infrastructure, and long gestation periods. In addition,
they usually require extensive investments in ports, housing for
employees, and community related services. Consequently, long-term
agreements by buyers and sellers over the volume and price of gas are
vital, and this makes LNG projects particularly sensitive to producers'
and investors' perceptions of political and market risks. The economic,
political, legal, and financial issues are unusually complex and require
intensive study by highly skilled teams of staff and consultants at a
high cost.

3.61 Regional gas trade is another prospective area of growth.
Bolivian exports to Argentina, which the Bank has assisted, and Mexican
exports to the US, are examples which may be followed by the Bolivia-
Brazil, Iran-Turkey, Bangladesh-India pipelines presently being studied.

3.62 Several developing countries not yet exporting gas, notably
Bangladesh, Cameroon and Nigeria, have large proven gas reserves which
could support exports. In the next decade, gas trade will diversify, but
it will still involve only about 15 countries with substantial gas
reserves and the advantages of the presence of international oil
companies, closeness to markets, and perceived political stability.

3.63 Formulating a Gas Development Strategy. Several developing
countries such as Argentina, Brazil, Egypt, India, Nigeria, and Thailand
with a combination of large reserves, low production costs, and a large
number of high value uses, are on the threshold of major programs of gas
development and have requested the assistance of the Bank. In others,
such as Bolivia, Cameroon, Chile, Ivory Coast, Morocco, Tunisia,
Tanzania, Turkey, and Zaire, gas is beginning to be used and could well
become a major energy source. A few countries, such as Algeria, Mexico,
Pakistan, and Venezuela, already use gas to meet a significant share of
their energy requirements. The experience of these countries illustrates
the importance of formulating a gas development strategy at an early
stage. They have well developed natural gas production, transmission,
and distribution networks and competent gas agencies. However, most of
them lack a strong institution to develop an overall natural gas strategy
and integrate the activities of the various agencies. As a result, gas
use projects have been selected in isolation, without coordinating
exploration, production and a broad study of different uses.

3.64 The main prerequisites for a gas development strategy are:

- a full evaluation of reserves, production potential, and
costs;

- a detailed study of markets, including potential ones, and
ranking of different uses under different supply
scenarios;
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a clear contractual/ economic framework to cover in
particular the structure and level of producer and
consumer prices, so as to ensure that gas producing and
transporting companies recover their costs, and that gas
is used efficiently by consumers;

finance for large and lumpy investments;

- an institution to integrate the activities of production,
transmission and distribution companies, and consumers
(e.g. power, industry, households);

- personnel trained in the t:echnical, economic, financial
and marketing aspects of gas, and efficient entities to
produce, transport and market gas.

3.65 Gas development planning is a dynamic process: it requires the
country frequently to re-evaluate its reserves, and its policies toward
depletion and utilization. As gas markets evolve it may be necessary to
shift gas to new higher value uses that may take a longer time to
develop. Prices should reflect changes in the supply and demand
balance. Similarly, the relative importance of exploration changes over
time as a better knowledge of both supply and future demand is gained.
There is no unidirectional sequence consisting of (i) exploration, (ii)
negotiation with companies on production and pricing terms, (iii) produc-
tion, and (iv) use. In fact, without an assured market, pricing and
related contractual agreements, and a commitment to provide the necessary
infrastructure, a gas discovery is unlikely to be evaluated and even more
unlikely to be developed. This vicious circle should be broken by devel-
oping supply and markets simultaneously.

3.66 On the supply side, exploration and development should proceed
systematically, to ensure that once a certain production volume is
dedicated to a given market other supply sources are developed to meet
other known and potential uses. Private companies may be efficient in-
dividually, but an institution in the country needs to ensure that the
sum of their activities achieves the country's objectives. Private oil
companies and local and foreign investors require a clear understanding
of government policies. A basic policy on the pricing of gas should be

clear even before gas is discovered, in order to motivate adequate ex-
ploration and appraisal activity by producers. This can be achieved by
take or pay contracts or by a flexible sysl:em of progressive taxes, which
relates prices to the economic value of gas so as to keep producers'
returns within a reasonable range and protect the government's
interests. Perceptions that not all commercial discoveries will be de-
veloped, as production potential may exceed market needs, often reduce
companies' interest in exploration. The government should indicate the
compensation it is willing to pay for successful exploration as well as
the conditions under which it will permit exports.

3.67 The market for gas also needs t:o be evaluated regularly. A
study of the potential for substituting gas for other fuels in use, and
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plans for future industrial, power and fertilizer plants, as well as

residential sector demand, should normally be carried out. Not only
should the existing long-term plans of industry be considered, but also
the alternative industrial strategies that would become possible if
larger gas reserves were proven. A review of recent gas development
projects financed by the Bank indicates that the development of proven
reserves has often been delayed not for lack of adequate markets but
because there was no study to assess the size of the market and select
the optimum use and consumer pricing strategy. Such information would
also be helpful in promoting more rapid exploration, since the value of
gas depends on an assessment of the market for its use.

3.68 Because producers, particularly if they are international oil
companies, are unlikely to assume the risks of developing markets, the
responsibility for planning, financing, and implementing projects for gas
distribution and use rests with government agencies. 1/ Consideration
should be given to establishing a small gas development strategy unit to
guide the efforts of the public and private agencies involved in gas
development and to coordinate development plans for gas with the policies
and investment plans of gas users.

3.69 Natural gas shares many of the characteristics of public
utilities like electric power and water supply. These characteristics,
together with the oil industries' demonstrated lack of interest in
developing gas for domestic use, point to the important technical and
financial role that can be played by the World Bank, with its experience
in power, water supply and natural gas operations. (See Box 3.2 on the
World Bank's involvement in gas development in Thailand). The Bank can
assist developing countries by:

- financing gas transmission and distribution;

- providing technical assistance to define better contractual
arrangements and producer and consumer prices;

- financing market development studies and gas reserve
evaluations;

- promoting opportunities for private partners to invest in
gas;

- developing means of raising finance for gas secured against
exports of oil products.

1/ Possible exceptions are "enclave projects" such as fertilizers (Exxon
in Pakistan) or export oriented projects (methanol, urea). Even in
these cases it is likely that projects will be in joint venture with
the government.
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C. Coal
Supply Outlook

3.70 Coal is produced in about 35 developing countries, almost
entirely for indigenous use. Coal remains up to 30-40 percent cheaper
than oil as a fuel for electricity generation and for many industrial
uses. However this advantage is dwindling and in some developing
countries it has disappeared, because of substantial inefficiencies in
the management and coordination of programs involving coal and because of
delays caused by government procedures and interventions. In most
developing countries in the years to come, coal will only be a viable
alternative to oil if the governments and agencies involved can
drastically improve the management of alL aspects of the coal chain,
including exploration, production, transport and use. As Table III.6
shows, substantial increases in coal production are projected for the
period 1980-95: from about 500 million toe in 1980 to 886 million toe by
1995. Over 60 percent of the projected increase will take place in China
and India and the aggregated projections are therefore highly sensitive
to developments in these countries.

Table III.6: Coal Production in Deve:Loping Countries, 1980-95

Million toe Annual Average
1980 1995 Growth Rate

1980-95

China and India 35'J 594 3.4
Other large producers a/ 135 257 4.4
Small producers b/ 8 35 10.3
All developing countries 502 886 3.9

a/ Twelve countries, each of which produced more than 2 million toe in
1980.

b/ 27 countries, each with a 1980 production level less than 2 million
toe.

Source: World Bank estimates.

3.71 China is already the world's third largest coal producer (after
the US and USSR) and its 1980 production level was nearly five times that
of any other developing country. Chinese coal production has been
growing at 15-25 million tons annually over the past two decades and is
projected to continue expanding at the somewhat higher rate of 20-30
million tons annually over the next decade (equivalent to about three
percent a year). Although there is no reason to suggest that such large
growth cannot be achieved, the projected increase is larger than any
country has obtained in the past and its achievement will require a
strong and sustained commitment. In India, the principal constraints
that will need to be overcome in achieving the projected increase of 8-10
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million tons annually (equivalent to about 5 percent growth a year) are
the mobilization of the necessary resources, reductions in project
delays, improved linkages with major customers and removal of bottlenecks
in transporting coal to the principal users.

3.72 Achieving increases as large as those projected will require the
resolution of the issues which are discussed below. If these issues are
not resolved the effects could be significant -- both reducing the
quantities of coal available and raising their cost of production,
thereby making coal a less competitive fuel. Small producers may be able
to offset shortfalls by importing. But for larger producers the effect
on the pattern and cost of energy supply may be substantial. The Bank is
helping a number of developing countries in addressing these issues, as
part of its growing program of operations in the coal subsector (See Box
3.3).

Constraints

3.73 Considerable progress has been made recently in improving the
geological and preinvestment data base on coal reserves for a large
number of developing countries. 1/ During the next decade, however, coal
development will still be held back by a number of serious limitations:
the heavy capital costs of coal development, most of which need to be met
domestically; the long lead times of coal investments; the shortage of
adequately prepared, economically attractive projects; the difficulty in
finding markets for export-oriented projects; and the limited engineering
and managerial expertise in developing countries to implement a major
coal expansion program.

3.74 Coordination. Lack of coordination between investments in
coal, power and transport is the major reason for the suboptimal use of
investments in the coal sector. Traditionally, coal, power and transport
investments have been implemented by separate companies, depending on
different ministries, often with widely different access to qualified
staff and local and foreign funds. In addition, the implementation
techniques, construction practices and start-up times of coal, power,
rail, and port projects are very different, so that coordinating these
projects can be very difficult. There are now examples where programs
cannot be completed as planned for lack of capital or human resources
(Romania and Turkey) or where huge investments in one part of a program
cannot be used efficiently because another essential part of the program
has not been completed in time or is not operated efficiently (Colombia,
India, Turkey). There is a risk that such problems will become more
common in the 1980s. Governments and companies involved in coal
production, transport and use need to recognize that established

1/ Since 1978 the World Bank has carried out coal and lignite surveys in
about 30 developing countries. Other multilateral and bilateral
agencies have also been active in this area.
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procedures and traditions in the coal industry are often incompatible
with the requirements and dynamics of complex integrated projects.

3.75 Implementation. Project implementation problems are another

important limitation on the growth of coal supply. Speedy implementation
of coal development projects is hindere.d by cumbersome bureaucratic
procedures and restrictions, the lack of freedom of action and low
salaries in the public sector, which is responsible for coal production
in many countries; shortages of local cost financing for investment
programs; and a general lack of qualified manpower. Few countries have
plans to develop a cadre of skille,d manpower, which is essential for
future coal development and, because of the limited experience of
multinational companies in this area, it is unlikely that this expertise
can be quickly obtained "off the shelf". In addition, coal exploration
programs are apt to suffer from:

-- a dichotomy of objectives between geological survey
institutes and coal producers and users, i.e. between the
need for systematic mapping and drilling countrywide and
the need for faster coal production growth;

- the inefficiency of many geological survey institutes and
mining companies in developing countries in managing
exploration programs, combined with reluctance to accept
foreign technical assistance; and

- insufficient planning of exploration programs and

targeting of optimal coal deposits, taking into account
medium- and long-term coal use and transport patterns.

3.76 Finance. During the years L975-80, 15-20 percent of total coal
investments in developing countries were financed by external funds, 2-3
percent by private sources, and the bulk by government budget allocations
or domestic subsidized loans. During the 197 0s coal prices in many
countries were set to cover only operating costs, yielding virtually no
funds for further investment. Delays in the allocation of public funds
have repeatedly slowed down programs underway. Major changes are
urgently needed in the coal pricing policy of developing countries, to
limit cross subsidizes and allow coal companies to generate a good part
of the local funds required for expansion.

Formulating a Coal Strategy

3.77 In an urge to develop indigenous energy resources, physical

targets for coal supply have sometimes been set without adequately
evaluating specific investments. As a result, certain uneconomic
projects both private and public have had to be subsidized. (Argentina,
Brazil, Republic of Korea, and Turkey provide only a few of the
examples.) In some countries, such as Turkey, coal development has
become more costly because of long delays in implementing programs which
were overly ambitious in their design and scope. Defining the management
and manpower resources, the organfizational and procedural framework
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required for coal development and adopting solutions for efficient
implementation of coal programs will be essential if developing countries
wish to realize the economic value and competitive advantage of coal.
This requires the formulation of a well defined strategy which few
developing countries, including the traditional coal producers, have so
far carried out. Such a strategy would:

- establish a realistic program for coal development,
imports and use, in the light of the country's overall
energy situation;

- define the investment resources, the organizational
framework, and the manpower needed for the program;

- set out how these resources would be mobilized, noting the
roles of the public and private sector; and

- provide for realistic coal pricing taking into account, on
the one hand, coal production costs given reasonable
standards of efficiency and, on the other hand, the
requirements of the sector for investment finance.

Coal Imports

3.78 For many developing countries imported coal is a potentially
attractive option. In 1980, only four developing countries imported more
than 1 million toe of coal, while eleven others imported 0.1-1 million
toe -- primarily of coking coal. In future, coal use in nearly all
developing countries will be limited by difficulties in domestic
supply. However, few developing countries are studying the options for
importing coal or have begun to make the necessary investments in
infrastructure. Exceptions are a few Southeast Asian countries, Chile,
and Cyprus. Many governments are stressing the indigenous production of
energy, rather than replacing one import (oil) with another (coal), and
government regulations often act as obstacles to such replacement.
Consumers have also been noticeably reluctant to switch to imported coal,
partly because they are unfamiliar with coal contracting and coal use and
partly because they are uncertain about future international coal prices.

3.79 Although thermal coal imports in developing countries will
increase only slowly, fifteen to twenty countries are likely to use
imported coal by 1995. Government action to facilitate such imports will
be required in almost all of these countries. First many of the
investments in the necessary infrastructure (port handling, storage,
internal transportation, etc.) will need to be publicly financed. And
second, governments must act to make any necessary changes to the
regulatory framework to permit coal imports and to encourage the large
users (power plants, cement factories), who would generally initiate this
shift to coal, to begin the necessary investments and to embark on long-
term contacts with potential foreign suppliers. Since a shift to coal
takes a long time to accomplish, many countries which are not now
planning to import coal should also explore if this is part of their
least-cost energy development strategy.
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Peat

3.80 Peat consumption in the eLeveloping countries is limited to
household use of manually extracted deposits. The physical and thermal
characteristics of peat in situ and, in particular, its high moisture
content limit its widespread use. However, a few developing countries,
including Bangladesh, Burundi, Indonesia and Senegal, are currently
investigating the potential exploitation and distribution of peat on a
larger scale for household and industrial purposes. In Burundi, a Bank
loan makes some funds available for a peat mining test. While over the
next decade peat is not expected to make more than a small contribution
to the overall supply of energy in developing countries, in some
countries it might help substanti ally to alleviate household fuel
shortages or provide a source of thermal electricity.

D. Geothermal Energy

3.81 Geothermal e-nergy is the natural interior heat of the earth. As
such, it occurs everywhere and the total resource is enormous, but only a
very small proportion can be exploit;ed with present technology.
Geothermal energy is used mainly to generate electricity. Installed
capacity for geothermal power generation in the developing countries in
1980 was just under 700 MW, about 38 percent of the world total. Nine
developing countries (Table III.7) have so far constructed such
facilities which are generally economic only in areas of high temperature
steam. The Philippines, with 559 MW installed capacity today and another
225 MW under construction, is secondL only to the US in geothermal power
production. The projected increase in geothermal power capacity, to
perhaps some 4000 MW for all developing countries by the early 1990s, is
expected to take place primarily in the Philippines and other already
producing countries.

3.82 In countries with temperate climates geothermal steam can be
used directly for space heating. Geothermal energy has a much more
widespread potential as a source of process heat in industry (such as
food processing) or for crop drying. Unfortunately, the cost of
developing geothermal resources by dLrilling is relatively high, so that
industrial development must be on quite a large scale to justify the
expense. It may be possible to use geothermal fields to provide electric
power, process steam and heat, and distilled water to a cluster of
processing industries. Such a concept might be particularly appropriate
to small island sites where power demand alone is insufficient to justify
geothermal development but where there are natural resources to be
processed.

3.83 The development of geothermal energy is held back mainly by lack
of data and institutional drive. Only a fraction of the known potential
thermal areas have been scientifically investigated and fewer
developed. A number of priority countries can be identified for
technical and economic evaluation. These countries, which are listed in
Table III.7, are characterized by good geological prospects and a sizable
potential market for geothermal electricity.
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Table III.7: Geothermal Development in the Developing Countries

Countries with Projects, or Priority countries for
Projects Under Construction Geothermal Evaluation

China Mexico Cape Verde Korea
El Salvador Nicaragua Costa Rica Mauritius
Indonesia Philippines Djibouti Rwanda
Kenya Taiwan Ethiopia St. Lucia

Turkey Guatemala Tanzania
Honduras
Yemen A.R.

Source: World Bank

3.84 Evaluating geothermal energy potential in a developing country
requires a three-phase program. The first phase involves the collection
of existing data on geothermal manifestations, the geochemical testing of
surface samples, and a preliminary evaluation of the potential market.
This reconnaissance phase may take 1-2 years in some countries and
typically cost up to US$0.5 million. If the results are favorable,
geophysical surveys of selected thermal areas are required. This second
phase, lasting 6-12 months, would often cost between US$750,000 and
US$1.5 million; many countries would need technical assistance. The
final stage of such a program, drilling exploratory wells, may cost up to
US$10 million and take up to three years. Appraisal wells must then be
drilled and tested before a commitment can be made to construct a power
plant.

3.85 Few countries are likely to undertake such a systematic program
until the institutional difficulties facing geothermal development are
resolved. The electric utilities which are the main market for
geothermal energy have no background in mineral exploration and are
disconcerted by the risk and uncertainty associated with this resource.
Most oil companies see geothermal resources as a poor alternative to oil
and gas exploration, often precisely because the only market for such a
discovery would be the electric utility with which they have only limited
interaction. Due to this lack of major alternative uses for steam in
most locations and the relatively low initial risk of failing to find
commercial resources, many companies feel a need to agree to a steam
price with the electric utility even before commencing exploration; there
are few international precedents for steam pricing. Moreover, the
shortage of technicians and contractors experienced in geothermal
development is particularly acute in the developing countries, though
also of concern globally.

3.86 Such problems can only be resolved by concerted action. In the
Philippines, for example, a group within the national oil company has
been made specifically responsible for geothermal development. Electric
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utility managers should be made aware of the potential contribution that
geothermal energy might make. Further study and contract initiatives are
also needed to ease and speed up the geothermal contractual process, and
to take account of the uncertainties which may arise during field
development. This is an area where the World Bank could be of assistance
to developing countries, as in the case of natural gas. Even in the
Philippines, where two international oil companies are active and others
have expressed interest, several policy studies will be carried out under
a World Bank loan (see Box 3.4). The Bank's involvement in geothermal
exploration/development and geothermaLl power development has been limited
to date (6 projects), but it is now increasing, particularly at the
upstream end. Other multilateral and bilateral agencies could also
usefully orient their energy prograras to provide more of the technical
assistance and finance which most countries will need if they are to
consider more seriously the use of geothernal energy.

E. Fuelwood.

3.87 Recent studies confirm earlier evidence on the extent and
severity of the fuelwood crisis. Nearly half of the world's population
today lives in areas where fuelwood is acutely scarce or has to be
obtained from elsewhere, and extrapolation of current trends in
population growth, forest area and planting programs suggest that up to 3
billion people will be living in such areas by the year 2000. The
economic, environmental and human consequences of this are very
serious. Fuelwood gathering is one of the contributory causes of
deforestation, which is already claimLing about 10 million hectares a year
of forests in the developing world, leadling to soil erosion, reduced
agricultural productivity and siltation of reservoirs, river beds and
irrigation canals. The desertification of arid and semi-arid regions
increases as people remove vegetation in the search for fuelwood. The
increased burning of animal and agricultural residues as substitutes for
wood will have a further detrimental impact, by reducing the availability
of valuable nutrients and organic sofil conditioners. The direct cost to
rural and poorer urban households is also likely to be large. Many of
these households have no real alternative to fuelwood other than greater
use of dung or crop residues, and the increasing scarcity of fuelwood is
likely to cause major social and economic difficulty.

3.88 Although data on fuelwood prcduction and consumption are
notoriously weak, it is estimated that even if the demand for wood can be
reduced by 20-30 percent through conservation and replacement by other
fuels, about 50 million hectares of trees would need to be planted in the
developing countries between now and the end of the century, to bring the
projected demand and supply in the year 2300 into better balance. This
would necessitate a five-fold increase over current planting levels
worldwide; in Africa a 15 fold increase would be required. Most
governments and international aid agencies are aware of the urgent need
to increase fuelwood production and have recently stepped up their
efforts in this area. Even so, the moun-ting of effective large-scale
fuelwood planting programs is proving, by and large, to be a slow
process.
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3.89 Few countries have the infrastructure and institutional
capability to support large-scale fuelwood planting. Strong local
participation in planning and implementation is generally vital to the
success of planting programs; however, fuelwood is usually most scarce
where there is high population pressure on land and where people are
consequently most reluctant to devote land and effort to purposes other
than food production. Establishing nurseries and other facilities, and
training foresters or special extension agents in rural afforestation, is
a long process. The development of appropriate technical packages for a
specific area also takes time, requiring extensive local trials and
research to identify the proper species and provenances and the best
combination of planting, fertilizing or pest control techniques.

3.90 Quick action to deal with these problems is often impossible,
since many national forestry services lack the expertise for the
nontraditional tasks required in social forestry, and forestry training
programs are weak. In addition, some governments are still unaware of or
unmoved by the fuelwood problem, or are unwilling to review the price and
incentive structure essential to a sustainable fuelwood program.
National programs, where they exist, are often poorly designed. Even
when donors have provided support, it has not always been easy to
mobilize domestic counterpart funding: long-term fuelwood programs are
vulnerable to budgetary cuts during times of economic difficulty.

3.91 The Bank's own fuelwood lending experience (see Box 3.5)
confirms that a considerable amount of groundwork must normally be done
over several years before large-scale planting programs can be
implemented. Rapid implementation has been possible only in a few
countries (India, the Philippines and the Republic of Korea) where all or
most of the following conditions have prevailed:

- strong awareness of the need for tree planting exists at
the small farmer, village and central government levels,
frequently as the result of the increasing scarcity and
rising prices of forest products;

- land can be made available for planting trees--for example
around homesteads, along farm boundaries, roadsides and on
marginal agricultural land;

- an adequate network of forest access roads and tree
nurseries exists, and an effective low-cost seedling
distribution system has been devised;

- satisfactory arrangements have been made for resolving
conflicts between grazing and tree planting;

- an effective extension service has been created;

- there are well-developed cash markets for fuelwood, giving
a strong profit incentive.

3.92 The last point is worth elaboration. Urban and industrial users
generally view wood as a commercial fuel, while many rural households
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perceive it as an essentially "free" good. Large state-operated
plantations may help to supply the urban market but the costs of
producing and delivering fuelwood from such plantations may be higher
than rural consumers are willing or able to pay. Fuelwood can be
produced much more cheaply through on-farm and community planting
programs using seedlings provided by nurseries run by the state, schools
or non-governmental organizations, but the success of such programs
depends heavily on whether people see tree planting as meeting a major
need. This is more likely to be the case where trees can also be used
for needs such as building poles and fodder, as well as fuel, and where
tree planting is integrated with other agricultural activities, as part
of comprehensive agro-forestry programs.

F. Other Renewable Energy Technclogies and Resources

3.93 The sharp increase in conventional energy prices and the need to
develop substitutes for fuelwood have aroused considerable interest in
the other renewable energy resources of developing countries. This
interest has been enhanced by a number cf other factors. First, the
developing countries are generally well endowed with solar and biomass
resources and many of them have wincl regimes and water resources which
could also be tapped for energy. Second, although some technologies for
harnessing these resources have long been in use--mini hydro and
windmills for example--recent technological, advances have broadened their
applicability and improved the efficiency with which they capture useful
energy. Third, unlike fossil fuel deposLts which yield energy in the
relatively concentrated and portable forms suitable for large-scale
industrial and urban use, many renewable energy technologies are best
exploited on a small-scale, decentralized basis, and are thus well
matched to the needs of dispersed rural populations. This relative
advantage is heightened by the fact that conventional energy sources are
frequently not available, or only available at high cost, in rural and
remote areas of developing countries. Finally, much of the equipment
needed for many renewable energy teclnologies is suitable for production
in even the less industrially advanced developing countries.

3.94 Recognizing these factors, many developing countries have
embarked upon renewable energy development programs which are being
supported by numerous donor agencies. However, with some exceptions--
Brazil, China, India, and the Philippines, for example--efforts to
realize the vast renewable energy potential of the developing world have
not yet developed into large-scale national undertakings. There are two
principal reasons for this. First, certain technologies are proving more
difficult to develop, adapt and apply, and have remained more expensive,
than was foreseen. As mentioned earlier, designing socially acceptable
and readily replicable improved cookstoves has proved to be a major
task. While photovoltaic array costs have continued to decline, they
have not fallen as far as forecast, partly because the expected volume of
production has not been reached. Biogas diLgestors have proved to be more
complex and demanding to maintain and operate than many early
investigators had assumed, and conditions allowing the economic
production of alcohol for vehicle fuel are less common than was
anticipated.
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3.95 Second, and perhaps more important, renewable energy development
has been slowed down by weak institutions and policies. National
programs are made more difficult to coordinate by the multiplicity of
agencies--both local and international--involved. Most developing
countries urgently need to begin formulating strategies for renewable
energy development, which evaluate the potential of the various
technologies, and their probable importance, in the light of the
countries' specific energy needs and circumstances. In many cases,
available information will give a good sense of the priority areas for
renewable energy development and of what research and development and
other preinvestment activities are needed in these areas. While in the
long run there can be no substitute for comprehensive resource surveys
and planning exercises, short-term studies of the potential of
particularly promising resources and of the market prospects for specific
renewable energy technologies can help to put ongoing programs on a
sounder basis. It should, in particular, be possible to strengthen
national programs by increasing the emphasis on:

- assessing energy needs and resources, to provide a firmer
technical and economic basis for technology choices and
investment decisions;

- research and development programs to build up national
capabilities for assessing, adapting and using new technologies;
and

- commercialization, by providing greater support for
manufacturers and vendors through market studies and the testing
and certification of equipment; by developing closer linkages
with programs in rural electrification, irrigation, agricultural
credit; and by promoting demonstration and pilot projects with
private and public sector sponsors.

3.96 The site-specific nature of many renewable energy technologies
and the different needs of different developing countries make it
impossible to generalize about the emphasis that the various technologies
should receive. However, most of them can be classified into two broad
groups on the basis of their readiness for commercialization in the
developing countries.

3.97 Technologies in the first group are, under many circumstances,
technically and economically viable in developing countries today. Solar
water heating using flat plate collectors for residential/commercial and
industrial uses is perhaps the most widely applicable technology in this
group. In countries with good insolation, commercial and industrial
solar water heating installations typically have payback periods of 5 and
1.5 years when replacing oil- and electricity-based systems,
respectively. Many developing countries (such as Brazil, Cyprus,
Mauritius, Mexico, Morocco, Papua New Guinea) have solar water heating
programs underway, but to realize the potential of the industry will
require governments' attention to a number of issues. Government-
sponsored studies of market potential, as well as demonstration and pilot
projects, research and development of new products, and public
certification of these products to protect consumers, can all help
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materially to spread the use of new technologies such as this.
Mechanisms to help consumers overcome the high costs of installing solar
water heating include leasing arrangements and installation by the
electric utility, which recovers the cost in monthly installments.

3.98 Other renewable energy technologies ready for commercialization
include wind energy for small-scale water pumping and electricity
generation, small hydro systems, and alcohol production from biomass.
While less broadly applicable than solar water heating, because it is
much more site specific, wind energy is of greater development interest
as a technology capable of supplying power in isolated areas. Even where
wind speeds are quite low (3-4 meters a second), Bank studies show that
windmills can be the cheapest means of pumping water from moderate depths
(e.g. 20 meters). They require little sophisticated maintenance and
simple water tanks can provide storage. These attractions have led to a
modest revival of interest in wind pumping, mainly for village water
supply and livestock watering in a ntumber of developing countries
including Kenya, Sri Lanka, and Thailand. Wind-based electricity
generation requires somewhat higher wind speeds (generally over 4.5
meters a second) to be economically attractive, and wind-based generators
may be difficult to maintain, particularly in remote areas. One of the
main constraints on the more rapid comaercialization of windmills in
developing countries is the lack of data on wind regimes, the collection
of which should begin urgently. Increasing the availability of
information on wind energy technologies and integrating wind systems into
rural water supply and agriculturaL credit programs would also be an
important contribution.

3.99 Small hydro is, like wind, a ifamiliar and relatively simple
technology whose costs are highly site specific. Costs for both
equipment and civil works can vary widely but the average costs--about
US$1,900/kW for the smaller systems (less than 1 MW) and US$1,600/kW for
the larger ones (up to 10 MW) are within the usual economic limits for
hydropower. Mini hydro has traditionally been seen as appropriate in
those rural areas to which it is impracticable to extend the national
grid. It can also be an attractive option for supplying electricity to
the national grid, as in a recent Bank--assisted rural electrification
project in Malaysia. The principal need in developing mini hydro is for
cost-effective national programs that can deal with hundreds of small,
widely dispersed projects in a fiLeld traditionally served by large
centralized facilities. Methods for identifying and evaluating
individual projects on a "wholesale" basis need to be worked out, as do
means for building and operating large numbers of such projects. This
can involve difficult institutional choices since the institutions with
the greatest expertise (the utilities) may lack the necessary interest or
adaptability, while those with the greatest interest (institutions for
renewable energy or appropriate technology, local communities) may not
have the necessary technical, managerial or financial capability.

3.100 Alcohol production from biomass for use as a vehicle fuel is one
of the best known renewable energy applications because of the large-
scale program being carried out in Brazil. Several developing countries
(for example Costa Rica, Malawi, Papua New Guinea, Philippines and
Zimbabwe) have begun small gasohol programs and others are examining the
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prospects for developing this resource. The experience of the past two
years has confirmed that the economics of alcohol production are highly
site specific and that, to be successful, alcohol projects require
careful integration of activities in agriculture, industry, transport and
energy. The capital costs of ethanol plants outside Brazil have turned
out to be higher than anticipated and the economics of alcohol production
have been directly affected by the softening of world oil prices. In
certain conditions (such as landlocked countries or remote locations
where a surplus of molasses is available and the cost of gasoline is
high) alcohol production is still an economically attractive option, but
the number of developing countries where agricultural, industrial and
transport sector conditions converge to make alcohol production viable is
more limited than was initially envisaged.

3.101 Many more technologies fall into a second group which show
considerable economic promise, but where there are still some technical
barriers to be overcome, further cost reduction is necessary, or greater
operational experience is required, before widespread use in the
developing countries can be expected. The more important technologies in
this group are biogas installations in commercial livestock operations,
large-scale electric power generation from wind and from wood,
photovoltaic water pumping, concentrating solar collectors for industrial
process heat, and biomass gasification for direct heat applications (e.g.
greenhouse heating, crop drying) and for generating engine fuel.

3.102 The Bank program in renewable energy covers lending for fuelwood
and alcohol projects to assist in the development of biomass resources;
inclusion of renewable energy technologies in Bank projects to obtain
operating experience to determine most economic systems and applications;
and institution-building assistance to develop local capacity for
utilizing renewable energy. The Bank has also undertaken a systematic
review of the technical and economic status of several technologies; the
results of the work on biomass gasification and on solar pumping have
already been published. The Bank has also contributed to the UN
Conference on New and Renewable Energy by preparing with UNDP a global
study in pre-investment requirements for renewable energy, and it
maintains an active involvement in the inter-agency follow up to the
Nairobi Plan of Action.

G. Electric Power

3.103 The planning of electric power systems in the next fifteen years
will be dominated by two considerations: the continued rapid growth of
demand, and the fact that the power system can be an important instrument
for changing the mix of a country's energy consumption. Demand for
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electricity grows relatively rapidly because of its versatility and
efficiency in end-use; for some purposes (e.g. computing), electricity is
the only usable energy source. A clear manifestation of consumers'
preference for electricity is the costs that industrial users in many
developing countries are willing to incur to meet their own needs when
supply from the power utility is inadequate or unreliable: about US20-504

per kWh, as compared to power tariffs in the range of US4-20¢ per kWh.

3.104 Historically, electricity use in the developing countries has
grown at about 9 percent a year, althouglh in some of the more rapidly
industrializing countries (Brazil, Indonesia, Republic of Korea,
Thailand, for example), growth rates have been much higher. Over the
past two years, the general slowing down of economic activity has reduced
the growth of electricity demand in some developing countries, notably
Brazil, but more commonly (in China, India, Indonesia, Pakistan, Sri
Lanka, and Turkey for example), the gJrowth of electricity consumption is
constrained by supply and there is a long waiting list fdr service. In
such countries, the future rate of growth of electricity consumption will
be determined as much by the schedu:le of commissioning new plant as by
the growth in the underlying demand for electricity.

3.105 The growth of demand for electricity comes not only from new
connections but also from exislting consumers. Though utilities can use
changes in price and other techniques of load management to limit demand
to a certain extent, in practice it is impossible to limit consumers to a
given amount of electricity. If capacity is inadequate, the quality of
service deteriorates rapidly, with severe consequences for the equipment
both supplying and using electricity. This means that once a power
system is in operation, planning its expansion to meet less than the
level of demand will inevitably lead to rec±uctions in its efficiency.

3.106 Given these factors, the consumption of electricity in the
developing countries is projected to grow at about 6.2 percent a year in
1980-85, rising to 7.0 percent a year in 1985-95 as economic activity
picks up. Though lower than the past trend, this forecast nonetheless
implies that electricity consumption will double during the 1980s, and
will continue to increase its share of total energy consumption. Even
after this increase, the untapped market for electricity in the
developing countries will be enormous: three quarters of developing
country households will still not have access to electricity and the
industrial sector, the main user of electricity, will still account for
less than 20 percent of GNP.

3.107 Power systems offer efficient means of using coal, lignite and
gas to distribute energy to a wide range of users. Some energy sources,
such as hydropower, nuclear and, to a large extent, geothermal energy,
can only be harnessed effectively in the generation of electric power.
In countries which have appropriate energy sources, an important
objective of the next fifteen years will be to modify the pattern of
electricity generation, using the power system as an instrument to reduce
dependence on imported oil. The large scope for this is evidenced by the
major share of electricity in the energy sector: in 1980 electric power
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supplied 24 percent of the commercial energy consumption of developing
countries, and 30 percent of that of the oil importing developing
countries.

Changing Generation Mix

3.108 For many countries, changing the energy sources from which
electricity is generated is an essential part of adjusting to the higher
price of oil. Plants using sources such as hydro, coal, lignite, gas,
geothermal and nuclear energy, which may have been uneconomic at lower
oil prices, typically require larger investment outlays than oil-based
plants but the savings in fuel costs can more than compensate. As shown
in Table III.8, and Figure III.2 between 1980 and 1995, oil-based
electricity generation is projected to decline by about 25 percent in
absolute terms, and from 26 percent to 7 percent of total generation.
This dramatic decline is caused mostly by a stronger reliance on coal,
which overtakes hydro as the largest power source, and to a lesser
extent, on gas and nuclear energy. The projections do not provide for
any conversion of existing oil-fired units to coal since recent studies
show that this is generally more expensive than accelerating the
construction of non-oil-fired units.

Table III.8: Electricity Supply in Developing Countries, 1980-95

tWh Growth Rate (% p.a.)
1980 1985 1995 1980-85 1985-95

Primary Electricity
Hydro 500 682 1289 6.4 6.6
Nuclear 18 95 262 39.5 10.7
Geothermal 3 10 34 27.2 13.0

Sub-Total 521 787 1585 8.6 7.3

Conventional Thermal
Electricity
Oil 342 293 257 -3.1 -1.3
Gas 64 121 321 13.6 10.2
Coal 393 578 1346 8.0 8.8

Sub-Total 799 992 1924 4.4 6.8

TOTAL 1320 1779 3509 6.2 7.0

Source: World Bank estimates.





Figure 111.2: Electricity Generation Mix in Developing Countries, 1980-95
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3.109 The scope for changing the generation mix depends on the size of
the system and other country conditions specific. A dozen developing
countries with a sizable amount of low-cost energy to substitute for oil
will be able to maintain the costs of incremental supply (generation,
transmission and distribution) between US24 and 44 per kWh. Examples are
Algeria, Angola, Colombia, Gabon, Trinidad, Uganda, Zaire, Zambia and
Zimbabwe. At the other extreme, several countries will continue to rely
heavily on oil or expensive hydro and will be unable to avoid costs of
US12 - 24¢ per additional kWh; examples are Benin, Chad, Kenya, Mali,
Niger, Somalia and Yemen PDR. For this latter group, not only is the
resource base too small or very costly to develop, but the use of
imported coal is not economic because their power systems are small
and/or because they are landlocked, In between these two extremes, most
countries should manage to phase out a large share of their oil-based
generation, keeping the installed capacity for peaking and cycling.

3.110 It may be possible to replace some oil-based generation with
imported electricity. A key factor here is the development of national
and regional interconnecting grids, which allow a pooling of resources
and substantial economies of scale in generation and transmission.

3.111 For some countries without sufficient natural resources for the
generation of power, nuclear power plants are an alternative. Two
important considerations here are the significant economies of scale in
their construction, and the fact that for technical and economic reasons
they must operate close to their full available capacity. Less than a
dozen developing countries have power grids large enough to use the
smallest economically viable reactors--about 600 MW--and for many of
these countries this increment represents several years of base load
growth, limiting the scope for more than sporadic expansion programs.
Even if technical progress and export credits make smaller reactors a
more attractive alternative to coal-fired units in future, there will
remain the major difficulties of ensuring good plant availability and
that reactors and the fuel cycle are managed safely. The problem lies
less in securing a highly trained elite than in establishing a broad
basis of skilled manpower (200 people per unit) to operate and maintain
facilities, and strong regulatory institutions to monitor plant policies
throughout their life cycle. Some countries already have some nuclear
capacity and plan that by 1995 nuclear energy will supply 15 to 50
percent of their electricity; including Argentina, Brazil, India,
Pakistan, Philippines and Republic of Korea. Countries such as Mexico,
Romania and Yugoslavia will soon start modest nuclear power programs.
But for the reasons just outlined, by the turn of the century, nuclear
power is expected to supply less than 10 percent of the electricity in
developing countries as a group.

3.112 The economics of coal-based generation depend not only on plant
size--the per kW cost for a 30 MW unit is twice that for a 300 MW unit--
but also on the opportunity cost of coal. Large mine-mouth coal-based
plants, using coal at US$40/ton, would produce electricity at about
US4¢/kWh, as against US7 /kWh from oil-based plants; the same units using
imported coal at US$80/ton generate electricity at about US5.5¢/kWh.
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Smaller coal units are competitive with oil-fired diesel units only under

the best pithead conditions. About thirty developing countries are
expected to use coal for electricity by 1995, with this source supplying
over a third of total electricity requirements in about a dozen of those
countries, including some new coal users. Lignite must be used at
minemouth and on a large scale to be economic, yet in spite of this and
other technical difficulties, it is making an economical and important
contribution in Romania, Thailand, Turkey and Yugoslavia.

3.113 The role of gas-based generation depends greatly on country
characteristics. In countries that produce gas, gas turbines are nearly
always economic for peaking duty even though they do not replace much
oil. The proportion of power generated from gas will largely depend upon
the quantities of gas available and on whether the opportunity cost of
the gas used makes it competitive with other sources for base load
generation. For example, where gas is priced at US$2.50/million Btu
(US$100/toe), electricity supply from gas-flired steam plant can cost less
than US34/kWh, and the cost of generation from more sophisticated
combined-cycle plants would be even lower. Gas could thus play a major
role in generating electricity in marny of the gas-rich countries such as
Bangladesh, Indonesia, Mexico, and Nigeria. 1/

3.114 Hydroelectricity generation is projected to increase by more
than 150 percent during 1980-95. Even after this increase, less than 15
percent of the harnessable hydro potential of the developing countries
(about 7,600 billion kilowatt hours a year) will have been developed.
The cost of hydroelectricity is quite site specific. Though US$1,500/kW
is currently typical for many countries, unit costs for hydro projects in
preparation range from US$900/kW in Colombia to over US$5,000/kW in Upper
Volta. In general, real hydro costs are rising because the most
attractive sites have been developed first. Where coal or oil is
available at international prices, hydro's economic limit is roughly
US$2,000-$3,000/kW; but proposed schemes must be studied individually.
In some landlocked countries, such as Nepal or Upper Volta, schemes with
significantly higher unit costs can be economically justified.

3.115 An imaginative effort needs to be made in harnessing energy
resources now used on a limited basis for auto-generation, usually by
industries beyond the national grid. The use of wood and crop wastes as

1/ Combustion turbines located near wellheads could also be used to tap
some of the enormous amount of associated gas which is currently
flared in Nigeria and several other oil producers. Power generated
from gas currently flared could provide hundreds of megawatts of low
cost base load electricity to both national and, in West Africa,
regional, networks. While energy collection by power transmission
instead of a gas gathering system still raises some unresolved
technical, economic and politicaL pro'blems, this is an area worth
exploring.
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fuel for power generation is well established in the wood and food
processing industries. For example, power from bagasse is used by the
sugar industry to meet most of its energy requirements in some 76
developing countries and its use could be extended to augment public
power supplies (see Box 3.6). However, there are institutional
obstacles. Electric utilities are hesitant to increase their reliance on
a new and untested supplier of energy. Meanwhile the sugar industry is
hesitant, or unable, to invest in upgrading its equipment to produce
surplus electricity unless it is assured of a market at a fair price.
Governments have a major role to play in helping to resolve these
institutional questions by fostering mechanisms to bring together the
various parties and resolve differences. Similar problems affect the use
of other waste products for power generation.

Power System Strategy

3.116 As developing countries have had power systems for many years,
the basic principles of system planning and operation are well known.
However, the rise in oil prices and the consequent increase in the
capital intensity of new generating plants have made the issues to be
dealt with much more complex and reinforced the need for good planning
and management, because mistakes are now much more expensive than
before. In this context, five points deserve special emphasis.

3.117 First, in searching for the least-cost plan for expanding
generation, it is more important than before to evaluate a range of
options, including the use of gas, imported coal, urban waste or
agricultural residues, which might not have been economic at the oil
prices of a decade ago. As alternatives to oil-fired generation
generally require longer lead times, and may turn the power sector into
the major single user of these primary sources, it is essential that
plans have a long time horizon. At the same time, given the uncertain
economic environment, it is necessary to keep some flexibility in
planning; as power markets, resource data and energy prices change, and
decisions on the scale and timing of key investments need to be reviewed
and reevaluated periodically. As a result several alternative projects
must stand ready to be undertaken at any time.

3.118 Second, wherever hydro power is available, it is essential that
major hydro resource surveys are undertaken to provide a data bank of
alternative options for consideration as power needs grow. These surveys
cost less than 1 percent of the ultimate investment in hydro projects and
can lead to considerable savings by permitting the selection of optimal
sites. Brazil has benefited enormously from the hydro surveys conducted
in the 1960s, which formed the basis for a major hydro expansion program,
minimizing the need for thermal generation.

3.119 Third, improvements which permit existing facilities to be used
more fully, and losses to be minimized, offer great scope for increasing
power supply at lower cost. (Measures in this area were discussed in
Chapter II.)



- 79 -

3.120 Fourth, as power utilities' financial requirements have risen

sharply (for investment, working capital and expenditures on maintenance
and loss reduction), it is more important that they show better operating
results and minimize reliance on budgetary grants. As pointed out in
Chapter V, domestic resource mobilization will be a critical factor in
implementing power investments, and power utilities need to take remedial
measures in several areas, including raising power tariffs and tightening
operating procedures. The Bank's lending program in power (see Box 3.7)
puts a strong emphasis on institutionaL development and on helping
utilities to maintain financial viability.

3.121 Fifth, there are several cases where international
interconnection of power systems and/or bi-national projects could
significantly reduce the costs of electricity supply (or improve its
reliability) to individual countries. For instance, Nepal, Uganda and
Zaire have hydro potential that can be efficiently used on a scale that
exceeds their own needs and could serve neighboring markets
economically. In West Africa, several hundred million dollars could be
saved by developing Nigeria's abundant pctential for thermal generation
and linking it with its neighbors' hydro-based systems. Although
problems stand in the way of these regioral schemes, examples abound in
the world (Itaipu, Central American -Interconnection, Zambia and Zimbabwe)
to show that they can be solved even under a variety of institutional
conditions.

H. Oil Refintng

3.122 The slower growth of oil consumption has resulted in a global

excess of primary distillation capacity in petroleum refineries. In the
developing countries themselves, crude distillation capacity is estimated
at about 1 billion tons a year, 1/ which should accommodate the projected
growth in their oil consumption tup to 1995. Except under special
circumstances, there is probably little need for investments in
additional distillation capacity in developing countries. However, as
discussed below, there is an acute need to rehabilitate and improve the
energy efficiency of old refineries, and to invest in new secondary
processing facilities to convert surplus fuel oil into middle distillates
(diesel oil, kerosene and jet fuel).

3.123 Most of the refineries in desveloping countries are over 15 years
old and were designed to minimize capital costs at the expense of higher
energy consumption. The increased cost of energy over the past decade
makes it worth considering several changes to increase energy
efficiency. In addition, as refineries get older and because attention
to maintenance, especially preventive maintenance, has generally been

1/ Including new facilities that are expected to be onstream by 1985 and
restarting facilities that are not operating, due to war or civil
strife.
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inadequate, substantial repairs and replacement of equipment are

necessary (see Box 3.8). In evaluating the merits of each of such
investments, it is important to consider the scope for rationalization on
a nationwide or regional basis, as some existing refineries are too small
and serve too limited a market to be economically and financially viable.

3.124 Because of the growing demand for diesel fuel (for transport

vehicles and agricultural equipment) while fuel oil is being replaced by
the increasing use of natural gas and coal, developing countries'
refineries will find it impossible to match the composition of their

output of petroleum products with the changing composition of demand,
which is projected in Table 1II.9. The share of middle distillates is

expected to continue increasing, reaching nearly half of petroleum demand
in 1995, while that of fuel oil declines, to about 21 percent in 1995.

Table III.9: Structure of Petroleum Demand in Developing Countries,

1970-95

Percent Rates of growth (% p.a.)
1970 1980 1995 1970-80 1980-95

Gasoline 15 14 18 5.5 4.26
Middle distillates 30 34 47 7.4 4.66
Fuel oil 38 35 21 5.2 -0.84
Others 1/ 17 17 14 6.1 2.74
TOTAL 100 100 100 6.1 2.75

1/ Liquified petroleum gas, bitumen, asphalts, lubricants and solvents.

Source: World Bank estimates.

3.125 Most of the refineries in developing countries are austere in

design. Out of 245 refineries operating in developing countries, only
about 60 have advanced conversion facilities such as hydro-crackers or
fluid catalytic crackers. In developing countries, total secondary
conversion capacity amounts to 13 percent of crude distillation capacity,
compared with 21 percent in industrialized countries. The inadequacy of
secondary conversion facilities to process fuel oil into distillate
products has compelled many developing countries to process more
expensive lighter crude oil, often spiked with refined products, as well
as to engage in sometimes unprofitable balancing trade in refined
products. Taking into account facilities that exist or are under
construction, and assuming that secondary conversion facilities are fully
used, it is estimated that by 1995 the production of middle distillates
could not exceed 30 percent of refined products while fuel oil would
amount to about 39 percent.
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3.126 The relative scarcity of middle distillates and easy
availability of fuel oil is expected t:o be a global phenomenon during the
next decade, and not one affecting only developing countries. A
substantial share of the investment in conversion facilities needed to
correct this product imbalance will have to be undertaken in developing
countries. The economic returns from such investments depend on specific
circumstances. However, it appears that if the current inadequacies and
inefficiencies of refineries in developing countries were corrected, the
economic cost of petroleum products for many developing countries could
be reduced considerably.

I. ConcLusions

3.127 The exploitation of domestic energy resources raises issues that
vary from country to country and by type of fuel. However most countries
need to place much greater emphasis on developing a coherent and
operational supply strategy in each of the energy subsectors which will
identify clear development priorities and take into account the
increasing interrelationships among these subsectors. This applies as
much to the traditional energy sources--e:Lectric power and fuelwood for
example--as to those fuels whose exploitation and development is of more
recent origin--non-conventional renewable technologies, or natural gas
and coal for many countries.

3.128 A much larger share of resources---both human and financial--will
need to be devoted to energy sector development in the future than in the
past. Mobilizing and managing these resources effectively will, in turn,
require considerably stronger institutions and policies for the energy
sector in most developing countries. Donor agencies will have to make a
commensurate effort in providing technicaL assistance for institutional
development and policy analysis. The remtainder of this report reviews
the human and financial resource requirements that are associated with
the energy supply and demand management programs discussed above, the
potential options and prospects for mobilizing those resources, and the
role of the World Bank in this cooperative effort.
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CHAPTER IV

MANAGEMENT OF THE ENERGY SECTOR

A. Scope of the Problem

4.01 The sharp increase in the price of energy during the 1970s and
the associated changes in the relative costs of alternative energy
sources have imposed a colossal management burden on developing
countries. All countries need to conserve energy and to replace
expensive sources of energy with cheaper ones. Those which rely heavily
on imported oil, especially, need to step up their efforts to identify
and invest in their own energy resources. Designing and carrying out
strategies for the energy transition requires better management both
within enterprises supplying energy and at the national level, where
there is a need to coordinate the activities of suppliers and to promote
efficiency in energy consumption. The quality of management is the key
to future investments; not only to identifying projects and implementing
them successfully, but also to raising the finance for them. Chapter V
explains that the developing countries will need to raise about US$66
billion a year in domestic currencies to finance energy investments in
the years to 1995. Energy enterprises must be able to generate large
enough surpluses to finance at least a part of this investment. Equally
large amounts of foreign capital will also be required. Though the
international climate is a difficult and uncertain one, it is still true
that, within subsectors, the best-managed enterprises will have the least
difficulty in obtaining foreign funds.

4.02 There are several reasons why management issues, at the national
and enterprise level, tend to be complex in the energy sector,
particularly during this period of transition. Not only are individual
projects complicated to design and execute, but certain energy
investments are complementary with each other while others are mutually
exclusive, and decisions on energy are inevitably closely linked to
almost every other aspect of development strategy. Moreover, these
decisions have to be taken on the basis of imperfect information about
the energy resource base and in an environment where future energy demand
and relative prices are subject to considerable uncertainty because of
factors over which energy policy makers themselves have little
control. 1/

1/ For example, a slowdown in national economic growth can dramatically
reduce the additional electricity needed in a given year and cause
serious financial problems for an electric utility. In Brazil, a
sharp slowdown in electricity demand growth, to 3 percent in 1981
from a historical average of over 10 percent, was due primarly to a
cutback in national economic growth.
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4.03 Several peculiar characteristics make the planning and
management of energy investments especially complex:

- The resource base is unavoidably uncertain -- either because its
physical characteristics cannot: be perfectly known before
exploitation starts (in oil, coal, gas, geothermal energy and
hydropower), or for other reasons: for example, variations in
the supply of bagasse for power generation or of molasses or
sugar for ethanol production depend on the weather and/or the
state of the world sugar market.

- The technology is often new, rapidly changing and risky.
Offshore exploration, deep drilling and enhanced oil recovery
are difficult technologies to handle, even for international oil
companies, who often rely on specialist contractors. The more
sophisticated techniques of- power generation, such as combined
cycle or nuclear, require extraordinary caution to avoid
technical and economic errors, while underground coal mining
presents continual environmental, health, accident and
organizational problems.

- The investments are lumpy: single investments often amount to
several hundred million dollars, and in some cases are as large
as the nation's annual GNP. Mistakes are expensive. The scale
of investment can give rise to formidable problems in assembling
the finances from several different sources, both external and
domestic.

- Projections of energy demand are highly sensitive to macro-
economic developments, which are difficult to predict.

- Energy investments require a long planning horizon, of 10 to 20
years. Over such a long period, there is a wide range of
possible patterns of growtlh and structural change, and hence of
energy demand. This may make it worthwhile to keep some
strategic options open as long as possible. The risks of so
doing must be evaluated along with the conventional least-cost
analysis of options.

- Since energy investments tend to be large, their gestation long,
and their benefits difficult to estimate precisely, projects
have to be carefully planned and executed quickly. The cost of
delay or failure can be enormous. A hydroelectric installation,
for example, that happens to have a lower generating potential
than planned or whose commiss:Lon is delayed could seriously
affect the viability of a number of other projects.

- Some investments in fuels or in equipment to use them must be
made before the markets for them are assured, so that efforts
are needed to promote their products: examples are improved
woodstoves, liquefied petroleum gas for household or vehicular
use; and charcoal, solar or other renewable energy sources.
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Because energy investments are both very risky and offer poten-
tially high rates of return, it is often necessary and feasible
to involve foreign equity partners. This requires negotiation
of suitable arrangements to share the surplus.

The limited extent of domestic private sector activity in energy
production and supply in most developing countries places an
extra management burden on the public sector in this area.

Environmental considerations are also important. The
development of a large hydro project could entail the inundation
of settled rural areas; coal-burning power stations or
industries can seriously pollute the air unless appropriate
equipment and controls are installed. These environmental
effects have to be explicitly considered in the course of
evaluating alternative energy investments.

4.04 Decisions on energy investments can rarely be made in
isolation. The timing of hydro investment, for example, depends on the
projected growth of electricity demand, which often depends critically on
a few, large industrial users; the planning of a gas pipeline may be
linked to the location and timing of a fertilizer plant; the design of a
refinery may depend on the projected evolution of transport demand and
the type of vehicles in use. Investments to supply alternative fuels to
households may have to be judged on the basis of detailed market surveys
and predictions of consumer behavior. Such decisions require the
installation of extensive infrastructure (roads, pipelines) and equipment
(refineries, processing plants, compression stations) that is highly
capital intensive. Choices among alternatives can be complex. If there
is only one economic option for energy supply, its adoption is not open
to question if its actual cost turns out to be significantly higher than
estimated. But if there are several options whose estimated costs are
close (for example thermal or hydropower in Kenya; coal fired or
geothermal power in Indonesia), it becomes much more important to ensure
that the initial cost estimates are accurate. At the margin, some of the
options (some hydro projects, coal mines or enhanced oil recovery) may be
more expensive to the economy than the import of oil. The evaluation of
these projects must carefully consider the tradeoffs between cost of
supply and strategic considerations such as achieving national self
sufficiency in energy.

4.05 Energy is an input or an output in almost all productive
activity and, consequently, the linkages between energy and the rest of
the economy are strong and intimate. Not only do energy investments
compete with those in other sectors for scarce investable resources;
decisions on them cannot be taken without careful consideration of their
interrelationships with policies and trends in the rest of the economy.
These relationships have many dimensions. The impact of oil imports and
exports on balance of payments prospects is well recognized and, for most
countries, trade in oil directly affects development prospects. In oil
exporting countries, production arrangements and depletion policy can be
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rationally established only in the conl:ext of a long-term view of
development priorities, and vice versa. In all countries, industrial
strategy is closely linked to energy demand, and energy costs have a
strong bearing on the profitability of different industrial options. The
long-term impact of energy prices on industrial structure and efficiency
is significant. The same applies to pol:Lcies affecting the pattern of
urbanization, transport, infrastruct:ure and the relative emphasis on
different modes of transport. Measures to increase the supply of
fuelwood will involve changes in the management of forests and pattern of
reforestation which, in turn, may conflict with existing agricultural
practices. These linkages pose a special challenge for the managers in
this sector: though the developments outside the energy sector are
largely out of their control, the latter have a great bearing on the
success of their efforts.

4.06 Linkages are important not only in investment programming but in

decisions affecting the structure cif prices. Energy prices not only
influence the choice among fuels, and the financial viability of energy
investments and energy producers; they also have a direct impact on the
distribution of real income, since energy is a significant item in
household expenditures, and a signif'icant indirect impact through their
influence on the profitability of industries and services, ranging from
steel mills to biomass collection.

B. Typical Weaknesses in Management

4.07 Few countries, industrialized or developing, have coped

altogether successfully with the challenges posed by energy developments
over the last decade. It is hardly surprising, therefore, that
developing countries have management problems both at the national and
enterprise levels. Weaknesses in management can have an enormous
impact. For example, in coal, poor maintenance and failure to plan for
the availability of spare parts can keep between a quarter and two thirds
of the mine-trucks out of action, whi'le operators who lack proper
training may lift only half the normal volume of coal per shovel. In
power, huge technical transmission and distribution losses may not even
be recognized, if operational losses are not properly analyzed and
revenues are not collected efficiently. (See Boxes 4.1 and 4.2 for a
discussion of operating efficiency in power and in oil and gas
production.)

4.08 The most common weaknesses -Ln energy enterprises can be found in
all types of public enterprises in developing countries. These
weaknesses include insufficient experience and training of the key staff,
inadequate facilities for training and ill-designed curricula, poor
management practices, and lack of familiarity with technologies and
operating practices in more advanced systems. They are compounded by
poor infrastructure (transport, telecommunications), a lack of
specialized consultants, and the generally low level of education and
skills among the work force. They are also exacerbated by the tendency
of enterprises to use their own scarce managerial and technical staff for
tasks that could be subcontracted to private industry on a long-term
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basis. Where too few technical staff are available, managers concentrate
on crises, to the neglect of training new staff and of preventive
maintenance, leading to a vicious circle of new crises.

4.09 Because of their large scale and strategic importance, energy
supply activities are generally managed by government or quasi-public
enterprises. It is entirely appropriate that long-term objectives and
strategic issues should be determined by a high political authority, but
within clear national guidelines the operating enterprises must be free
to make final decisions on operations. In practice, supervision by
government ministries can sometimes extend to interference in routine
decisions by civil servants who lack operating knowledge and may not
share responsibility for failures. Under these pressures, even when
enterprises are formally autonomous, key decisions may be delayed,
unrealistic objectives imposed or enterprises' needs neglected. When
these factors are combined with regulated wage and salary structures
dictated by government, and time consuming procedures for procuring and
allocating funds, the frequent result is a lowering of morale and a loss
of experienced managers and skilled staff. These problems are generally
most acute in the power and coal sub-sectors.

4.10 The task of managing energy enterprises is made more difficult
by the diffusion of responsibilities at the governmental level. As many
as a dozen ministries sometimes make decisions and issue independent
regulations bearing directly or indirectly on the energy sector. Various
public or private organizations such as industrial or agricultural
development banks may appraise investments involving energy without
referring to the Planning Ministry or any other authority. There is,
thus, an inherent risk of conflict in a crucial area of national economic
development.

C. Priorities for Action

4.11 The preceding analysis has identified a variety of areas for
urgent action to strengthen the developing countries' ability to manage
the energy sector. While the priorities for action in each country will
need to be determined within the specific context, two areas which
require widespread attention are the need to improve the quality and
volume of preinvestment work, and to strengthen the strategy formulation,
overall management and manpower capability at both the enterprise and
national levels.

4.12 It is difficult to overemphasize the importance in the energy
sector of good preinvestment work. To plan power generation, for
example, it is necessary to identify the least-cost generation plan,
which in turn requires a systematic survey of the hydropower potential in
the country. Such surveys require hydrological records covering many
years to determine river flow patterns under various conditions.
Unfortunately such records are still lacking in most developing
countries. In a recent study by the World Bank of preinvestment
requirements in hydro generation worldwide, it was concluded that about
US$2 billion would be required for surveys and studies over the next
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decade. Related roughly to the 180 GW of hydro capacity to be added
during 1985-95, this amount is only about 1 percent of the final
investment cost and is well justified in terms of potential cost savings
alone. Apart from the financing, what is lacking is the recognition that
such surveys are important, and the preparatory work and administrative
arrangements to implement them. On a smaller scale but equally important
is preinvestment work in other energy subsectors: geological and
geophysical studies to guide petroleum exploration; preliminary studies
of the market potential for natural gas so that discoveries can be
speedily exploited; and the collection of site-specific data on wind
speeds and insolation.

4.13 The organization of preinv(estmerit work is only one aspect of a
broader need to strengthen institutions in the energy sector. It is
necessary to establish a working environiment (including salary levels)
that will maintain the continuity of management and help to retain
qualified staff and to upgrade their skills. The latter will involve
formal training and refresher courses as well as closer contact with
experienced staff in international industry, consulting firms and lending
agencies involved in project preparation and appraisal.

4.14 It is also necessary to ensure that major proposals concerning
investments and pricing are analyzed with a broad perspective of the
sector and the nation, rather t:han in an isolated, uncoordinated
manner. This is particularly important given the uncertainties
affecting the future evolution of energy demand and supply. To achieve
these changes will require both staff (engineers, financial analysts, and
economists) devoted to long-run planning at the enterprise level and a
small, qualified set of analysts at the national level, to advise the key
decision makers on overall sector policy issues and on ways to strengthen
the institutions operating in the energy sector.

4.15 The planning staff at the national level would be responsible
for coordinating enterprise plans (for example by ensuring that
enterprises make the same assumptions about the growth of energy demand
and inter-fuel substitution trends, or that the projected demand for
different fuels for power generation is consistent with the projected
availability of these fuels), and for formulating a strategy to achieve
specified goals. They would also be responsible for evaluating the
effects of exogenous changes (for example in economic growth or
international energy prices) on the demand and supply prospects for
individual fuels and for ensuring that subsector investment programs and
pricing policies were altered quickly to take account of these changes.
A central energy secretariat may also be concerned with efficiency in
energy use. It may oversee prcgrams to reduce energy consumption,
promote research, studies and experimental projects for improving
efficiency in the use of energy, and disseminate information on how to
save energy. It would ensure that adequate financial and managerial
resources were being devoted in each of the subsector operating agencies
to improving the efficiency of existing plant and operations. This is
important even if the energy source is imported (for example, petroleum
products). Significant reductions in thes oil import bill can be achieved
by switching to alternative sources or methods of supply.
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4.16 The location of the national energy policy staff will vary by
country depending on specific needs and institutional arrangements. The
important requirement in all countries, however, is that energy planning
be an explicit element of national planning and public investment
decisions and that the national staff should have adequate authority to
review all proposals with significant energy implications.

D. Role of External Assistance

4.17 The main effort to improve energy management has to come from
within countries themselves. In some vital areas, for example in the
reform of the relationship between government ministries and public en-
terprises, external agencies such as the World Bank can highlight the
problem and advise on how it is being addressed in other countries. In
other areas, there is greater scope for external assistance in improving
enterprise management structures, accounting systems, and procedures for
billing and collection, planning, operations and maintenance, even though
the social and political frameworks within which solutions must be sought
are fully known only in the countries concerned. International financial
agencies can also help by preparing terms of reference for selecting and
supervising the performance of consultants for pricing studies, in
establishing priorities for preinvestment work, identifying the manpower
and financial requirements and mobilizing the funding. Through their
joint Energy Assessments and Sector Management Programs, the UNDP and the
World Bank are assessing the major energy problems of developing
countries and helping to evaluate options for solving these problems and
improving energy sector management (see Boxes 4.3 and 4.4).

4.18 Training is an area where specific external assistance may be
useful in several ways:

- in-country programs to train specialists in energy planning,
economics, technologies, finance and environmental aspects; on-
the-job management and manpower training in energy companies;

- workshops and seminars at which technical experts from
developing countries exchange ideas and experience;

- overseas training courses in various specialties;

- secondment of key individuals to foreign energy sector
institutions and financing agencies; and

- reorientation of training/educational institutions and programs
in the country concerned.

4.19 Training should be carefully focused to benefit the country in
areas where it is most needed and can be of lasting use. For instance,
unless the petroleum prospects of a country are well established, there
is no point in training people for specialized tasks in petroleum
production or gas pricing rather than in the basic skills of geophysics
or surveying which can be employed in a wider range of activities,
including mining and construction. Similarly, training in building
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sophisticated models of the energy sector is of little value in countries
where basic data and analysis of energy issues are still rudimentary. At
the same time, it is difficult ito overemphasize the benefits that accrue
from a well designed and administered training program. The high rates
of return for such training make its (generally) higher cost well worth
incurring and it is frequently a prerequisite for realizing the full
benefits of far greater investments in plant and equipment.
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CHAPTER V

FINANCING ENERGY INVESTMENTS

5.01 The magnitude of the energy investments required in developing
countries pose a formidable financing problem. Oil importing countries,
in particular, not only have to find the resources for energy investments
that are more costly than before; they also have to finance imports of
oil until these investments, and those to increase the efficiency of
energy use, begin to pay off. As discussed below, to meet the energy
demands of developing countries would require investments of about US$130
billion a year (in 1982 prices) in this sector over the next decade.
This implies that real investment flows in the energy sector will have to
increase substantially compared with past trends, rising from about 2-3
percent of GDP in the late 1970s to an average of about 4 percent of GDP
over the next decade. This chapter explains the basis for the estimates
of investment requirements and examines the issues involved in mobilizing
adequate resources, both in foreign exchange and in local currencies.

A. Investment Requirements

5.02 The bases of the projected increases in developing countries'
energy demand and production were discussed in earlier chapters. These
projections were prepared for individual countries taking into account
their overall energy demand and economic growth prospects. In all
countries, the projections assume a vigorous program to improve the
efficiency of energy use and to develop indigenous energy resources which
can be substituted economically for imported oil. However, the projected
pace of indigenous resource development also takes into account the
likely growth of markets as well as institutional and technical
constraints. In particular, the projected development of gas resources
is considerably below the technical production potential because gas
markets take time to develop. Similarly, only those primary electricity
and coal development projects which could be economically absorbed into
the countries' energy supply systems have been included.

5.03 As shown in Table V.1, nearly half of the estimated total
investment requirement, of US$130 billion per year in 1982 dollars, is
needed in the power sector, and the share of power investments in GDP
increases slightly over the 1980-95 period. This is due to two
factors. First, though slower than the past trend, the anticipated
growth in electricity demand (6.7 percent a year in 1980-95) continues to
be higher than the projected growth of national incomes. Second,
electric power investment requirements are rising because power facil-
ities are becoming increasingly capital intensive as countries move away
from oil-based generation. Whereas a large oil-fired plant requires an
investment of about US$800 per kW (in 1982 prices), the investment cost
of an installed kW of a large coal-fired plant is $1,100 per kW (US$2,000
for a small one) and over US$3,000 for some hydro projects.
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Table V.1: Camnercial Energy Investment Requirements In Developing Countries, 1982-92 a/b/
(billion 1982 US dollars)

Anual
Average

Low Income Middle Inccrie Countries All Developing 1982 - 92
Countries Oil Importers Oil Exporters Countries (incL.)

Electric Pcwer
Hydro 74.4 132.2 31.8 238.4 21.7
Niclear 6.3 40.8 6.1 53.2 4.8
Geothermal 0.1 4.3 2.1 6.5 0.6
Thermal 43.2 75.8 39.7 158.7 14.4
Transmission & Distribution 49.9 101.3 49.9 201.6 18.3

Total 173.9 354.9 129.6 658.4 59.8

Oil
Exploration 21.2 48.9 99.1 169.2 15.4
Developmnt 43.2 32.4 195.9 271.5 24.7
Other c/ 2.5 6.0 16.7 25.2 2.3

Total 66.9 87.3 311.7 465.9 42.4

Refineries d/ 30.8 52.8 39.7 123.3 11.2

Natural Gas
Exploration, development,
transnission & maintenance 17.5 16.8 30.2 64.5 5.9

Domestic distribution e/ 4.3 4.7 7.4 16.4 1.5
Exports 0.0 3.0 6.2 9.2 0.8

Total 21.8 24.5 43.8 90.1 8.2

Coal 55.2 27.2 6.3 88.7 8.1

TOTAL 348.6 546.7 531.1 1426.4 129.7

a! These estimates are for the investments required during 1982-92 to achieve the energy production
levels set cut in Table III.1. Some additional investme-nts anounting to US$13 bn/yr will be required
in the 1993-95 period to complete the projects for 1995 production.

b/ Expenditures shown in this table do not include investaEnts for fuel storage and retail distribution
(except for pipeline investments for dow-stic distribution of natural gas) and for infrastructure
associated with energy imports.

c/ Includes maintenance of old fields, enhanced ancL secondxary oil recovery, pipelines, and
infrastructure.

d/ Estimates include investments in refinery modifications necessary to achieve a balance between
petroleum product supply and demand within developing countries, as well as investments in refinery
rehabilitation in replacement of old plant, and in eneergy conservation measures. These estimates
could vary by as much as 20 percent, depending on assunptions concerning the refinery
mix in China, and on the extent to which product imbalances in the developing countries are met
through direct trade in refined products. Estimiates exclude investments in infrastructural
development, which amunt to about US$ 10 billion.

e/ Distribution of gas fron major transmission pipelines to residential and cmanercial users.

Source: World Bank estimates.
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5.04 Investments in oil production also need to rise sharply, as
increasing numbers of countries explore and develop their oil production
potential; new oil finds are likely to be more expensive to develop than
those developed in the 1960s and 1970s. A significant number of the
investments in oil are needed simply to maintain current production
levels and a reasonable ratio of reserves to production. The investments
required for natural gas development are comparatively small, and mainly
to develop reserves already discovered. Overall, investments in the oil
and gas sector will account for 39 percent of the total energy
investments in developing countries over the 1982-92 period with the
proportion being much higher for the oil exporting countries.

5.05 Coal projects planned in the next decade need relatively small
investments and comparatively little foreign exchange, largely because
60 percent of the investment is in China and India, which have advanced
mining and capital goods industries of their own. Fuelwood investment
requirements would amount to about US$12 billion over the 1982-92 period,
a low amount in relation to the importance of this critical resource.

5.06 The estimated cost of refinery investments over the period is
about US$123 billion, excluding any provision for additional capacity for
crude distillation. This estimate assumes that the bulk of the conver-
sion facilities required to reduce petroleum product surpluses and de-
ficits in developing countries will be installed in their own
refineries. These estimates are highly sensitive to the future evolution
of relative international petroleum product prices which will themselves
be determined by the trends in world demand for the various refined
products and by the magnitude of investments made for secondary refining
capacity in the industrialized countries and in the capital surplus oil
exporters. Moreover, the economics of specific conversion projects vary
greatly depending on site specific factors and each conversion investment
has to be viewed on a case-by-case basis.

5.07 The investments required over the next decade to achieve the
potential energy savings in industry, discussed in Chapter II, are esti-
mated at US$8-19 billion for short-term measures and an additional US$48-
86 billion for medium-term measures. About 40 percent of the investments
required would be in oil importers. They have an average payback period

of less than three years. 1/ The short-term measures require small
investments, mostly in improving combustion efficiency and steam system
efficiency, insulation, and other housekeeping measures. The medium-term
ones involve larger investments in retrofitting existing plants and
adding to facilities. These figures relate to energy conservation
measures only in existing plants and facilities. Interfuel substitution
measures involving the installation of new, more efficient plants will
require substantial additional investment.

1/ As a group, the developing countries could save up to 38 million toe
per year through short-term measures and an additional 80 to 120 million
toe per year through medium-term investments.
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5.08 Other investments, in improving the efficiency with which
consumers use energy and developing geothermal and other minor sources of
primary energy, are relatively small in global terms, although they may
be large in individual countries and have an important role to play in
the adjustment to higher energy prices.

Foreign Exchange Requirements

5.09 Of the total projected energy investments, about half (US$64
billion a year in 1982 dollars) is estimated to be a direct foreign
exchange cost. The foreign exchange content of energy investments varies
by sector and by type of country. Oil and gas development and refining
projects are generally high in foreign exchange (over two-thirds), as few
developing countries can produce the necessary equipment. In coal, the
projected foreign exchange share is low (about one fourth) as the bulk of
the investment is in countries with well developed domestic capital goods
industries. In power, the ratio of foreign exchange to total costs is
extremely variable. In countries with more advanced industrial sectors
(e.g. Brazil, China, India, Yugoslavia), the ratio is as low as 5-10
percent. In some West African countri-es, by contrast, even hydro
investments may have foreign exchange components larger than 70
percent. In the aggregate, investments in electric power and coal
projects, which together represent 52 p(ercent of the total estimated
energy investments in developing countries, wiLll absorb only about 35
percent of the total foreign exchange financing required, or about US$22
billion a year. (See Table V.2.) The petroleum subsector, including
refining, will absorb about 65 percent of the total foreign exchange
requirements, or about US$42 billion a year. Of the local currency
required each year, about 70 percent (US$46 billion equivalent) will be
for power and coal projects, while 30 percent (US$20 billion equivalent)
will be for the petroleum subsector.

Table V.2 Foreign Exchange Requirements for Energy Investrients in Developing Countries, 1982-92
(billion 1982 US dollars, estimated arnnal average)

Total
Electricity Coal Oil and Gas Energy

Middle-Income Countries
Oil Exporters 6.5 0.3 22.8 29.6

Oil Importers 10.2 0.9 5.3 16.4

Low-Income Countries 3.2 1.0 4.4 8.6

All Developing Countries 19.9 2.2 32.5 63.9a/

a/ Includes US$9.3 billion for refineries, which is not included in country
group or individual fuel totals.

Source: World Bank estimates.
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5.10 Excluding refinery investments, 54 percent of the foreign ex-
change requirements are for investments in middle income oil exporting
developing countries, mainly for oil and gas; 30 percent in the middle
income oil importers, mainly in electric power but with a substantial
amount in oil and gas; and 16 percent in the low income countries, with
half of it in oil and gas because of the large petroleum development
programs in China and India.

5.11 Reaching projected investment levels will require a continuation
and, in some countries, an acceleration of the trend in the past decade
during which energy investments rose significantly in relation to GDP.
As energy investments are normally classified under several sectors
(mining, industry, transport, infrastructure) in national accounts, it is
difficult to compile data on the size and trends of these investments.
However, studies of some major developing countries indicate that the
share of energy investments in GDP has clearly been rising in the past
decade. In some countries, such as Thailand and Turkey, total energy
investments have as much as doubled their share of GDP since the mid-
seventies; in other countries, such as Brazil, India and Philippines,
there have been very significant increases. As a rough approximation,
one may estimate that the share of energy investment in GDP has risen
from about 1-2 percent to about 2-3 percent during the last decade. The
projections for the next decade imply energy investments averaging about
4 percent of GDP in developing countries. The ratio is somewhat lower
for the low income countries than for the middle income countries, where
commercial energy demands are growing more rapidly.

5.12 Achieving these rates of investment will require a substantial
increase in the resources allocated for energy development both within
the developing countries and from external sources. The remainder of
this chapter discusses the scale of the efforts needed to mobilize these
resources and identifies the actions that developing country policy
makers and international financing agencies can take to mitigate the
financing problem. But energy demand, and consequently investments in
energy production will be sensitive to the future evolution of energy
(and particularly oil) prices. As indicated in Chapter I, the energy
demand and supply projections in this report are based on the premise
that international oil prices in the early 1990s will be at least as high
in real terms as they are today. Therefore, before turning to the
specifics of how these large investments might be financed, it is useful
to review the relevance of lower oil price assumptions to the economic
profitability of these projects.

Sensitivity to Lower Oil Prices

5.13 On the basis of information available to the World Bank on the
economic costs of alternative strategies for meeting the energy needs of
developing countries, it is clear that investments of the magnitude
identified in Table V.1 constitute a satisfactory planning assumption.
As explained below, even if the equilibrium price of oil settles at a
relatively low level (say US$25 per barrel in 1982 dollars), the bulk of
the projected energy investments would still be advantageous to
developing countries.
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5.14 In electric power, the economic merits of generation investments
must be examined in the framework of a long-term plan for system
development. Assuming reasonable values for key parameters (particularly
the cost of capital) the development plan compares the costs of several
options for meeting the projected demand for electric power. Given the
wide variation in the costs of hydropower projects and the fact that some
sites are marginally economic even at current prices of oil, some hydro
developments will become uneconomic at lower oil prices. However, as
most of the larger hydro projects have relatively lower unit costs, the
aggregate capacity affected by a drop in oil prices to US$25/bbl would be
small in relation to the total additional capacity projected. In thermal
generation, the economics of alternatives to oil would not be greatly
affected by a drop in oil price to this level, with the possible
exception of thermal generation pro-jects based on the development of low-
grade lignite deposits which are highly capital intensive and subject to
some technical risks.

5.15 The economics of petroleum investments are evaluated mainly in
relation to the price at which the relevant petroleum products can be
traded. In the oil exporting developing countries, there is little
question that projected oil investments would result in incremental pro-
duction at costs well below the export value of oil. Even in oil import-
ing developing countries, where exploration and production costs are
generally higher than in exporting countries, the investrnents will con-
tinue to yield satisfactory economic returns at a significantly lower oil
price. For example, in six major OIDC oil producers, which account for
over 75 percent of the oil produced by this group, the costs per incre-
mental barrel of oil production are in the range of US$10-20, i.e. well
below the projected costs of imported oil. As shown in Chapter III the
long-run marginal cost of natural gas production in developing countries
is so far below the price of its oil substitutes that there is little
doubt about the economic benefit of its exploitation provided there is a
market for its use. 1/

5.16 The refinery investments shown in Table V.1 consist mainly of
modifications of existing refineries which, as explained in Chapter III
are sensitive to the price differential between residual fuel oil and
middle distillates rather than to the absolute level of the crude oil
prices. As such, their economic merit will be affected by policies
concerning the domestic prices of petroleum products (specially the
subsidization of diesel and kerosene) and the pace of fuel oil
replacement rather than the projected crude oil price. Investments to
increase the fuel efficiency of refineries are sensitive to the oil price
assumptions but are expected to be economic at significantly lower oil
prices as well.

/Market limitations have been taken into account in projecting the
production of natural gas and the related investment requirements.
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5.17 As the bulk of the coal investments are in China and India where
production costs are low in relation to oil prices, there is little
question regarding their net economic benefits. However, at the margin,
there are probably some coal developments involving large infrastructure
investments which may turn out to be uneconomic if the oil prices reiaain

relatively low. 1' Finally, the high rates of return and quick pavback
periods associated with the great majority of energy efficiency and
retrofitting projects ensure their continued viability at substantially
lower energy costs.

5.18 In summary, the investment levels shown in Table V.1 represent
attractive opportunities to improve the efficiency of energy use and to
produce more energy for export or for economic import substittution, Thle
majority of them are likely to be viable even if the price of oil remains
significantly below current levels. Failure to finance these investments
would result in inability to meet the energy demands of developing
countries, and a consequent slowdown or disruption of economic
activity. The following sections examine the main issues affecting the
mobilization of resources to finance the required energy investments.

B. External Financing Issues

Recent Trends in External Finance

5.19 The increased allocation of developing countries' resources to
investment, particularly in the energy sector, has been paralleled by
increased flows of external capital. During the 1960's and early 1970's,
there was no major shortfall in the supply of foreign exchange for energy
investments, which for most developing countries, consisted mainly of
power utilities' investments. However this pattern changed dramatically
after 1973 as developing countries stepped up their external borrowing in
all sectors, particularly energy. As summarized in Table V.3, the total
amount of publicly guaranteed external borrowing for energy investments
in developing countries increased in real terms (1982 dollars) from
US$9.7 billion in 1975 to US$15.8 billion in 1980. These data come
mainly from the Debt Reporting System of the World Bank and relate only
to publicly guaranteed debt. 2/ Nevertheless they serve to illustrate
the rapid increase in energy financing that occurred over this period.

It is worth noting that investments involving the establishment
of infrastructure for the import of coal may well be uneconomic
if the oil price drops significantly. However, this category of
investments is not included in Table V.1.

2/ The system covers flows from the following sources: multilateral
lending institutions, bilateral aid, export related credits
(suppliers' credits, fixed term private financial and bilateral
nonconcessional flows) and financial institutions' loans at
floating rates. Bond issues are excluded.
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The fastest increase was in lending from private commercial sources,
whose publicly guaranteed energy lending to developing countries rose by
over 150 percent in this period. By 1980, these sources along with
export-related financing accounted for 68 percent of the developing
countries' external borrowing for energy. Multilateral institutions also
doubled their energy lending, and their share of the total energy
borrowing by developing countries rose to 23 percent by 1980. In
contrast, the share of concessional aid from bilateral agencies decreased
substantially over the period as their volume of assistance remained
roughly unchanged in real terms. At the same time, however, it is worth
noting that the energy sector has been the fastest growing area in many
bilateral aid programs and its share in these programs rose substantially
in the second half of the 197 0s. (See Box 5.1 on official lending for
energy investment).

Table V.3 External Borrcding in Develcping Countries for Energy, 1975-80 a/
(billion 1982 US dol-lars)

Total
1975 1980 1975-80

$ % $ T$ %

Sources:
Export Related b/ 4.3 44 5.2 33 37.5 39
Financial Institutiaos c/ 2.1 22 5.5 35 35.2 36
Multilateral d/ 1.8 19 3.6 23 15.5 16
Bilateral Concessional e/ 1.5 15 1.5 9 9.1 9

TOTAL 9.7 100 15.8 100 97.3 100

Subsectors:
Coal 0.2 2 0.7 4 2.7 3
Oil and Gas 3.0 31 3.8 24 24.9 25
Power 6.5 67 11.3 72 69.7 72

TOIAL 9.7 100 15.8 100 97.3 100

a/ Based on data from the World Bank's Debt Reporting System, which
includes only publicly guaranteed debt as reported by countries to
the DRS.

b/ Includes suppliers' credits, fixed-term private financial and
bilateral non-concessional loans. Fixed-term commercial and non-
concessional bilateral loans are assumed to be export related, mainly
buyers' credits.

c/ Publicly-guaranteed floating rate private commercial loans.
d/ Asian Development Bank, African Development Bank, Inter-American

Development Bank, European Investment Bank and World Bank.
e/ Canada, France, Federal Republic of Germany, Japan, OPEC bilateral,

United Kingdom, United States and others.
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5.20 In terms of energy subsectors, the aggregate pattern of external
financing has reflected the historical structure of investment
requirements, with the electric power subsector accounting for 72 percent
of the total external borrowing between 1975 and 1980. However, as shown
in Table V.4, the contribution of individual financing sources varies
strongly across the different energy subsectors. The bulk of the flows
for oil and gas development were in the form of export-related credits
and commercial flows. Most of the energy lending by multilateral and
bilateral agencies has been for electric power. In part, these patterns
reflect the longer history of oil and gas financing by the commercial
agencies, but they also reflect the fact that different financing sources
have directed their efforts to very different groups of borrowing
countries.

Table V.4 External Borrowing for Energy by Source and Sector 1975 to 1980 a/
(billion 1982 US dollars)

Source Coal Oil and Gas Electric Power Total
$ % $ % $ %$ %

Export Related b/ 1.31 3.5 10.73 28.6 25.51 67.9 37.55 100
Financial Institution c/ 0.97 2.8 11.55 32.8 22.67 64.4 35.19 100
Multilateral d/ 0.42 2.7 1.17 7.6 13.86 89.7 15.45 100
Bilateral Concessional e/ 0.06 0.7 1.43 15.6 7.65 83.7 9.14 100

Total (Average) 2.76 (3) 24.88 (25) 69.69 (72) 97.33 (100)

a! Based on data from the World Bank's Debt Reporting System, which includes only publicly
guaranteed debt as reported by countries to the DRS.

b/ Includes suppliers' credits, fixed-term private financial and bilateral non-
concessional loans. Fixed-term coummrcial and non-concessional bilateral loans are
assumed to be export related, mainly buyers' credits.

c/ Publicly-guaranteed floating rate private conmercial loans.
d/ Asian Development Bank, African Development Bank, Inter-ATerican Developnnt Bank,

European Investnent Bank and World Bank.
e/ Canada, France, Federal Republic of Germany, Japan, OPEC bilateral, United Kingdom,

United States and others.

5.21 As shown in Table V.5 below, the low income countries are much
more dependent on multilateral and concessional bilateral flows for the
external financing of energy projects--drawing from them 79 percent of
their total public external borrowing for energy. In contrast, middle
income countries obtained about 80 percent of their external borrowing
for energy in the form of export-related and private financial flows.
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Table V.5: External Energy Borrc-4ng, By Source and CoGmtry Inomx Groups (1975-80)
(Percentages)

All
Low Income Middle Income Developing

Oil. Oil Countries
Importers Exporters

Export Related 16.5 38.1 42.6 37.9
Financial. Institutions 4.3 40.4 40.2 37.1
Multilateral 46.7 16.5 7.0 15.5
Bilateral Concessional 32.5 5.0 10.2 9.5

Total (Percent) 100.0 100.0 100.0 100.0
Total(1982 US$ billion) 8.76 50.41 37.83 97.33 a/

a/ Due to rounding errors and minor data discrepancies, the sum of
individual country group figures differs slightly from the total.

Source: World Bank, Debt Reporting System.

5.22 This analysis also emphasizes the differences between the
traditional roles of private sources and export financing on the one
hand, and multilateral and concessional bilateral funding on the other.
The commercial financial institutions lend almost exclusively to the
middle-income countries, as they are more capable of servicing external
debt on market terms. As the international orientation of commercial
banks is also influenced by the activities of their major corporate
clients, they lend more for oil and gas in projects where international
oil companies are involved. By contrast, multilateral agencies and
bilateral concessional flows are the major sources for the low income oil
importing countries, which account for about 30 percent of these
Lastitutions' energy lending to developing countries.

External Financing Prospects and Constraints

5.23 A comparison of the projected foreign exchange requirements for
energy development in the developing countries with the recent flows of
external financing for this sector clearly illustrates the foreign
financing problem facing these countries in the coming decade. Even if
some allowance is made for the addition of non-guaranteed debt and for
direct private investment (mainly by the international oil companies), as
well as for some real growth in officia:L flows since 1980, it is unlikely
that the total volume of current external flows for energy development to
the developing countries has exceeded US$25 billion in 1982. Against
this, the projected amount of foreign exchange required for energy
investments is estimated to average US$64 billion a year (in 1982



- 100 -

dollars) over the 1982-92 period. Hence, in order to meet the estimated
foreign financing requirements over the next decade, these external flows
will need to expand by about 15 percent a year in real terms. To some
extent, financing can be redirected to energy from other sectors.
However, as energy is rapidly becoming a major component of external

capital flows, 1/ such diversion has its limits and additional energy
financing will require an overall expansion in capital flows as well.

5.24 While the mobilization of adequate external financing will be a
major concern for all developing countries, the issues involved are
likely to differ for individual fuels and country groups. The low income
countries' foreign exchange requirements are about 16 percent of the
total for all developing countries. This group of countries received
only 9 percent of the flows of publicly guaranteed external credits for
energy during 1975-80. And, as the flow of nonguaranteed capital and
direct investment is likely to be skewed toward middle income countries,
the low income countries' share in aggregate flows of external capital is
likely to be well below 9 percent on the basis of current financing
patterns. This implies a significant financing gap. Though the gap is
partly due to the inclusion of China in the estimates of financing needs,
it reflects the perennial scarcity of external financing in low income
countries, which have to rely on multilateral and bilateral concessional
flows for the bulk of their external borrowing.

5.25 Thus the basic constraint on meeting the foreign exchange fin-
ancing requirements of the low income countries is the slow expansion of
official credits, particularly concessional flows that are suited to
their overall debt servicing capacity. While commercial sources could
finance some energy investments in these countries, their contribution
will necessarily be constrained by considerations of creditworthiness.
Further, more than three-fourths of the low income countries' external
borrowing for energy during 1975-80 was for electric power, whereas over
half of their foreign exchange needs over the next decade will be in the
petroleum sector. Hence, their traditional lenders need to reorient
their lending to meet this need.

5.26 For the middle income countries too, there is a need to re-
orient external capital flows from a heavy emphasis on the power sector
towards a larger share for petroleum. The projected foreign exchange
requirements in the power sector, while higher than current flows, are
relatively small in relation to the total cost of those projects.
Official credit agencies have a strong interest in financing power
investments (and especially those in nuclear facilities), as these

1/ Data on publicly guaranteed external lending commitments for 1975-80
suggest that energy accounts for about one-quarter of multilateral
lending, one-tenth of bilateral concessional, one-third of official
export credits and one-fifth of private commercial flows to
developing countries.
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stimulate equipment exports. Further, these institutions generally have
better established procedures for f:inancing power investments than for
petroleum. Therefore, the principal constraint in power sector
development is likely to be the financing of local costs.

5.27 The external financing needs; of coal projects are small compared
to their total costs and to overall energy sector investment require-
ments. Traditional sources should be able to provide most of the ex-
ternal financing required, but in countries with large coal investment
programs (e.g. China, India, Turkey and Yugoslavia) an important issue
will be the willingness of governments to allocate the necessary foreign
exchange to the coal sector within the cou-ntry's overall debt limits.

5.28 In the oil and gas sector, a quantum increase over current flows
is required. About 70 percent of the required investment (or about US$23
billion/year) is in the middle income oil exporting countries. In this
group of countries, projects which are export oriented and have
satisfactory returns will face relatively little difficulty in securing
equity financing, provided political risks are not too great. However,
the financing of projects in the oil importing developing countries will
pose a major problem. Their estimated foreign exchange requirements of
US$10 billion/year for oil and gas projects are about equal to the
current publicly guaranteed financirLg flows for the whole energy sector
in these countries. Given that the bulk of this borrowing has been for
the power sector in the past and the fact that these countries are likely
to have received only a small share of the direct private investment by
international oil companies, it is clear that the proposed investment
levels are unlikely to be achieved without substantial expansion in the
financing provided by all the important actors in this area.
International oil companies need to expand their efforts and to broaden
their scope of operations into the smaller and newer producing
countries. Governments will need to supplement these efforts in areas
where private sector activity alone is likely to be too slow or
inadequate, notably in projects oriented to meeting domestic consumption
requirements, particularly in gas exploration and development. Official
and commercial financing agencies will need to expand their support of
the efforts by both international and national oil companies.

5.29 One method for mobilizing additional resources for energy devel-
opment, and particularly relevant to the oil and gas sector, is to make
increasing use of non-recourse or limited recourse financing
techniques. These techniques, which have so far been used in only a few
instances in the developing countries, allow commercial lenders to
finance attractive projects on the basis of the project's own reserve
base, production profile or other characteristics rather than on the
basis of overall guarantees offered by the host government or the project
owners. The required conditions for succetssful project financing of this
nature include a reasonable perception of country and project risk, a
strong and internationally recognized project sponsor and preferably an
export-orientation of the project. The!se conditions are unlikely to
prevail for a large number of projects, making this form of financing of
limited applicability in developing countries, particularly those that
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import oil. Nevertheless, a special effort should be made to explore
these techniques where possible as a means of mobilizing additional
external financing.

5.30 On the whole, new commitments from export credit agencies and

commercial financial institutions are now severely restricted by
borrowers' degree of creditworthiness. The same considerations may also
restrict developing countries' ability to attract foreign direct
investment. For middle income countries whose creditworthiness is in
question, as with low income countries, expansion of multilateral and
bilateral energy lending will be necessary to finance an expanded
investment program.

5.31 For some of the countries now regarded by commercial lenders as
poor risks, key investments in the energy sector could transform the
balance of payments outlook. However, to achieve this, they will need
significant additional external borrowing. Breaking this vicious circle
will require close consultation and cooperative action among several
concerned parties: first, the multilateral financing agencies, which can
analyze creditworthiness in a longer-term perspective and evaluate the
economic impact of different investment programs; second, the commercial
lenders who have greater financial resources but may be reluctant to
invest them in long-term obligations in countries that face balance of
payments difficulties in the short or medium run; third, the governments
in the capital surplus and industrialized countries who must evaluate the
need to increase the resource base of the multilateral financing agencies
and their programs for energy lending; fourth, the international oil
industry, which must be induced to deploy a larger share of its enormous
financial and technical resources in developing countries; and finally,
the developing countries, which must undertake the necessary improvements
in the management of their economies and particularly the energy sector.

C. Domestic Resource Mobilization

5.32 Roughly half the projected investment requirements in the energy

sector are for local resources, with the share being even higher in some
subsectors, such as electric power and coal. Given the parallel external
financing problem discussed above, it is essential that developing
countries take measures to generate a large portion of these resources
locally. The exact magnitude will vary according to individual country
circumstances, but in all countries, the availability of domestic
resources may be the decisive factor in the success or failure of energy
investment programs. Many developing countries have difficulty
mobilizing domestic resources for energy investment, partly because
domestic savings in general are too low and partly for reasons specific
to the energy sector.

5.33 As Chapter IV noted, the energy sector in developing countries

is dominated by public sector companies. These enterprises have, to
varying degrees, been beset by the same problems -- too little managerial
autonomy, cumbersome procedures, uncompetitive salaries and so forth --
that generally afflict the public sector in developing countries. These
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problems have serious implications for the financial viability of energy
enterprises and their ability to mobilize domestic resources for invest-
ment.

5.34 During the 1960s and early 1970s, most power utilities met a
satisfactory portion of their investment requirements from internal
sources. Power tariffs fully coveread costs, and external borrowing was
used to finance foreign exchange requirements that were as high as 50
percent to 70 percent of investment costs. Since then, the finances of
most power companies have deteriorat(ed severely. Sharp increases in fuel
and borrowing costs have not been matched by increases in tariffs. And
the investments now being contemplated have longer gestation periods and
much higher costs, requiring loans with longer maturities than are in
fact available. Reliance on budgetary support for financing power
investment means that investment has to be restrained when macroeconomic
pressures on the budget become severe. Inability to raise domestic
financial resources has delayed the implementation of power investments
in many countries, leading to severe shortages of power (for example in
India and Turkey), and heavy economic losses due to the disruption of
production.

5.35 The growing financial strains on power utilities mean that
greater attention must be paid to the following key factors influencing
their financial viability:

- Power tariffs: In most utilities, power tariffs are below
the long-run marginal cosrs of supplying power, in some
cases by very sizable margins. In addition to its
economic impact, discussed in Chapter II, underpricing
electricity critical-Ly impairs the operating revenues of
utilities and forces them to undertake additional borrow-
ing that imposes a heavy debt service burden in later
years. Many national power companies now need to increase
their tariffs by 60-80 percent to regain their long-term
financial balance and to bring down their borrowing re-
quirements to more manageable levels. Governments'
unwillingness to raise tariffs in line with costs stems
both from the political unpopularity of these measures and
the mistaken conviction that curbing utilities' tariffs
helps to control inflation. Recent tariff increases in
most developing counLries have been granted on a haphazard
basis, to overcome utilities' immediate difficulties,
rather than to ensure their long-term financial
equilibrium and provide the basis for financing needed
expansion.

- Operational inefficiency: The growth of revenues is also
held back by technical irnefficiencies that do not permit
plants to be fully utilized and cause heavy losses in the
transmission and distribulion of power. Bad metering and
poor collection of bills add to these problems; unpaid
bills exceed six moiiths of revenues in some cases. Even
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when tariff levels are adequate, uncollected bills payable
by governments and other state enterprises often are a
serious problem, and one that cannot be resolved without
budgetary intervention, especially when the situation has
been allowed to deteriorate for many years.

- Financial structure: Capital contributions from the
government are sometimes not forthcoming when due, and
utilities therefore have to rely to a greater extent on
money borrowed at high rates of interest.

5.36 Coupled with the inadequacy of domestic capital markets in de-
veloping countries, these difficulties in generating cash may force util-
ities to borrow foreign exchange to meet local costs. In view of the
scarcity of external capital, it would clearly be inappropriate to borrow
abroad for local costs without first having assured a maximum effort to
raise the resources domestically, which must include an appropriate
tariff structure to provide for a reasonable degree of self-financing
within the sector. Shortfalls in local cost financing have led some
governments (Colombia's for example) to attempt to create new sources of
medium- to long-term local financing, or to increase loans or equity
injections from the public budget to national companies.

5.37 National oil companies typically suffer less from management
constraints than do power companies, for reasons discussed in Chapter IV.
However, the financial viability of oil companies is often endangered by
governments regulation of consumer prices. Most national oil companies
are integrated through exploration, development, refining, and
marketing. In exploration and development, they have the characteristics
of a commercial company. At the same time, they must sometimes sell oil
and gas at prices regulated by the government and held below costs.
Losses incurred on subsidized domestic marketing and refining operations
have a direct impact on these companies' overall profitability, and
therefore on their ability to generate investment capital. Often
exploration and production expenditures are the first to be affected by
overall profitability and liquidity problems.

5.38 National oil companies have, like public power utilities,
suffered the effects of delays in payment from government agencies,
particularly from funds designed to stabilize prices, or to cover the
price differential between international and domestic markets. Serious
liquidity problems have resulted from this source in Portugal, Thailand,
and Turkey, among other countries. In some developing countries, the
state is involved in all stages of oil exploration and production but
functional companies have been less integrated and, therefore, able to
generate a surplus on individual stages of the operation. This is the
case in both China and India where production companies have sold crude
at regulated domestic prices, but prices have been adequate to cover
production costs and to enable the entity to finance a reasonable portion
of its investment program. With this arrangement, subsidies at the
retail level have not affected investment by production companies.
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5.39 National oil companies are also an important source of tax
revenue for the national budget through generation of export earnings,
royalties, other production-related taxes, and corporate income taxes.
While it is appropriate to tax natural resources, particularly oil and
gas, which have a high rent element, in some cases overall levels of
taxation have been excessive and inflexible. Such was the case of
Bolivia, where a 100 percent "windfall" tax was levied on all profits
above a defined per barrel limit, resulting in a severe reduction in cash
flow to the company and in curtailment of its investment program. Peru's
oil company was for a period liable for all of the tax obligations of
foreign contractors producing oil in the country. As production levels
increased, the NOC was faced with a large tax burden, inflexible and
unrelated to its own operations, and not deductible from overall
corporate tax liabilities. Before this system was modified, it severely
reduced the national company's profitabJility and ability to generate
needed surplus for investment.

5.40 For coal, the issues are somewhat different since domestic
resource mobilization is the critical problem. During the 1960s and
1970s only a few countries (China, Yugoslavia) set domestic coal prices
to allow companies a reasonable return on investment. Generally,
domestic coal prices were heavily subsidized, often not covering even
cash operating costs. As a result cash generation for investment needs
was extremely limited and coal companies depended primarily on government
loan and equity funding through annual budget allocations. Since 1980, a
number of countries have taken steps to adjust domestic coal prices
towards border prices (Indonesia, Philippines) or at least to ensure that
more cash is generated (India, Turkey). Clearly the financing needs of
the proposed coal expansion programs will not be met unless prices are
radically increased.

5.41 Experience with private financing of coal development is rather
limited. The private coal industry irL Brazil relies on government
funding for a major part of its cash generation; only in Colombia, the
Philippines and Zimbabwe is private resource mobilization for coal
development taking place, albeit on a limited scale (5-10 million tons
over the decade). In all these cases private financing must be supported
by economic pricing policies.

D. Conclusions

5.42 A substantial increase in energy investments is economically
justified and is necessary to meet the growing demand for commercial
energy in developing countries. The financing problems, both external
and domestic, are formidable and call for a maximum effort by all
concerned agencies to increase the availability of financing for
economically justified energy investments. The above analysis of the
financing issues suggests the followLng conclusions:

- Increasing domestic resource mobilization in developing
countries is of paramount importance. To a significant
extent, this can be achieved within the energy sector by
following appropriate pricing policies. The tariffs of
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power companies must be brought into line with the long-run
marginal costs of supply, and maintained at this level with
frequent, systematic adjustments compensating for inflation
and fuel cost increases, to permit the companies themselves
to finance a reasonable proportion of their expansion needs
and to service their borrowings, while preserving a
suitable financial equilibrium. Pricing coal and petroleum
at their economic opportunity costs should normally ensure
that publicly owned coal companies and national oil
companies are able to generate operating surpluses, which
can help to meet their growing investment requirements.
The urgency of improving domestic resource mobilization is
underlined by the present acute scarcity of external
lending, which makes it inappropriate to rely on external
financing of domestic costs, except in unusual
circumstances.

The large foreign exchange financing gap and the widespread
limitations on new commercial lending commitments, because
of the growing number of countries that have debt servicing
problems, makes it vital that official credit institutions
should be able to expand their lending. A major priority
should be to lend to countries that have limited access to
commercial finance and, to the extent possible, to play a
catalytic role in mobilizing additional external finance
for priority investment projects. This will apply
particularly to power investments in countries where the
import content is high but commercial financing is
difficult.

Official credit institutions -- multilateral, bilateral and
export credit agencies -- should become more active in
petroleum financing, and focus available resources on the
investment needs of oil importing developing countries. A
substantial increase in their resources for this purpose
would be easily absorbed in investments that have a high
return and would bring a structural improvement in those
countries' balance of payments. To facilitate this,
national oil companies may have to package their financing
requirements as specific projects, rather than relying on
balance-sheet borrowing. Official lending for petroleum
projects should be directly largely to projects oriented
towards domestic markets, since these may not attract
international equity participation.

A determined effort must be made both by international
financial institutions (official and commercial) and by the
concerned developing countries to encourage the use of
project or non-recourse financing techniques whereby a
greater portion of their oil development program can be
financed without resorting to sovereign risk debt.
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In oil and gas, the foreign exchange financing gap cannot
be filled unless flows from the whole range of possible
sources of finance are increased. In particular,
developing countries should make a determined effort to
draw on the resources of the international oil companies.
If OIDCs can attract even a small share of these companies'
expenditures, their financing problem would be signifi-
cantly alleviated. Multilateral agencies can play a useful
role in attracting such flows to countries or projects that
might otherwise be less attractive.
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CHAPTER VI

THE ROLE OF THE WORLD BANK

6.01 The Bank has accorded a high priority to energy in its overaol 
program because of the critical impact of adjustments in this sector on
the overall structural adjustment and growth prospects for most
developing countries; because of the massive needs for financial and
technical assistance to complete the process of adjustment in the energy
sector; and because of the contribution that the Bank can make in terms
of financial support, policy advice, institutional strengthening,
technology transfer and improved project selection, design and
implementation.

6.02 The energy sector in developing countries will absorb a large
and growing share of total investments, doubling from about 2-3 percent
of GDP in the late 1970s to an average of 4 percent of GDP over the
coming decade. These investments combined with a vigorous effort to
improve the efficiency of energy use should enable the oil importing
developing countries to reduce their expensive dependence on oil imports
which, in 1980, absorbed a quarter of their aggregate merchandise export
earnings and much more in many countries. Successful implementation of
the energy strategies outlined in this report could lead to a lowering of
this figure to about 11 percent by 1995, assuming that oil prices stay at
their current level (US$29/barrel) in real terms. Thus, energy policies
will have substantial macroeconomic implications and will to a large
extent determine the success of the overall process of structural
adjustment in the developing countries.

6.03 The analysis in this report has demonstrated that the
developing countries' adjustment to higher commercial energy costs is far
from complete. Despite the major shifts in pricing structures,
investment programs and economic policies that have already been
accomplished in many of these countries, much more remains to be done to
ensure that energy is used efficiently and to develop and utilize cheaper
alternatives to imported oil.

6.04 To complete the adjustment process in the energy sector will
require a major increase in the allocation of investable funds to the
sector, both for energy production projects and for retrofitting programs
to conserve energy. Generating the resources needed would be a
challenging task under any circumstances, but it will be particularly
difficult in the present international economic environment, when
economic growth is likely to be relatively slow and external --esource
availability, both public and private, is likely to be constrained for
the majority of developing countries. There is a real possibility th.at
in some of these countries, particularly in the lower income ones which
have limited access to commercial sources of finance, the adjustment to
higher energy costs will be retarded by a shortage of investmenit
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resources. Finding the neccessary resources will be less difficult in
the middle income developing countries, particularly those which are
largely self-sufficient in energy or net exporters of it, but here, too,
it will be a challenging and high priority task for energy policy makers.

6.05 A second prerequisite wilL be to strengthen the planning and
management capability in the sector. The need to evaluate increasingly
diverse and complex energy options, to develop sector investment
programs, solicit large volumes of investment finance from a variety of
sources, and to conduct an effective technical and policy dialogue with
potential private investors all require a much stronger national
capability for energy sector management than exists in the vast majority
of developing countries.

6.06 This twin emphasis on resource mobilization and strengthened
sector management will also need to be reflected in the energy assistance
programs of bilateral and multilateral agencies, including the Bank,
which have an important contrilbution to maLke in these areas. Thus, while
the remainder of this chapter deals with the Bank's response to these
issues, many of the conclusions are equally applicable to other agencies
which share the objective of supporting esfficient energy development in
these countries.

The World Bank's Energy Program

6.07 The principal objective of the World Bank's energy program is
to assist developing countries to define and implement an appropriate
development strategy for the energy sector. In response to the
developing countries' changing priorities during the 1970s, the Bank
significantly increased and diversified its energy activities. 1/ Its
energy lending increased and the Bank began to support the development of
petroleum, coal and other primary energy resources which it had not
previously financed (see Table VI.I below). This process, was supported
by a substantial strengthening of the Bank's technical and economic staff
with energy expertise. It also led to a growing emphasis on the better

1/ The evolution of this program can be traced in a number of
energy policy papers which were approved by the Bank's Board.
The more important of these are:

(i) "Minerals and Energy in the Developing Countries". World
Bank Report no. 1588, May 1977;

(ii) "A Program to Accelerate Petroleum Production in the
Developing Countries", World Bank Report no. R78-268, November
1978; and

(iii) "Energy in the Developing Countries", World Bank Report
no. 3076, July 1980.



Table VI.1 World Bank Energy Lending FY1979-82 a/

Total Percent
FY79 FY80 FY81 FY82 FY79-82 FY79-82

No. of US$ No. of US$ No. of US$ No. of US$ No. of US$ No. of US$
Projects Million Projects Million Projects Million Projects Million Projects Million Projects Million

Power 18 1354.9 25 2392.3 17 1323.0 21 2131.2 81 7201.4 58 71

Coal - - 1 72.0 1 10.0 3 227.0 5 309.0 4 3

Oil and Gas 4 112.4 13 385.0 12 649.5 14 539.3 43 1686.2 31 17
of which:
Exploration
Promotion - - 5 35.5 6 32.5 8 36.3 19 104.3 14 1

CD

Exploration - - 3 96.0 3 70.0 1 20.0 7 186.0 5 2

Oil Development 1 2.5 2 59.5 2 462.0 3 303.0 8 827.0 6 8

Gas Development 3 109.9 1 194.0 1 85.0 2 180.0 9 568.9 6 6

Energy-Related
Industry 1 58.0 1 29.0 3 364.0 6 460.4 11 911.4 8 9

Total 23 1525.3 40 2878.3 33 2346.5 44 3357.9 140 10,108.0 100 100

a/ Excludes fuelwood lending of US$310 million in FY1979-82.
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management of energy demand and on providing technical assistance to
developing countries in the evaluation of rnajor energy issues and
options. In collaboration with the UNDP, the Bank embarked upon a 60-
country program of energy sector assessments designed to diagnose the
main energy issues in the countries studied and to serve as a framework
for investment and policy decisions by governments and external aid
agencies (see Box 4.3). As part of its project financing activities, the
Bank stepped up its efforts to function. as a catalyst in mobilizing
additional funds for energy development from private and public capital
sources.

6.08 The Bank now has a large and diverse energy lending program and
is a major source of policy advice ancd technical assistance to its
borrowers, It uses a variety of instruments to provide this assistance,
including financial support for energy development projects; technical
assistance in evaluating national energy options and priorities and in
carrying out preinvestment studies; management assistance at both the
agency and sectoral levels; and an ongoin.g dialogue on important energy
issues as part of its overall economic work. Although these activities
are often carried out as discrete tasks, a distinguishing feature of the
Bank's involvement is an emphasis on ensuring that all these elements are
part of an integrated strategy and a long-term commitment to improving
the energy prospects of developing countries. Thus, in each country the
specific components of the Bank's energy program are consistent with the
energy sector priorities and the broader development context of that
country.

A. Resource Mobilization

The Bank's Energy Lending

6.09 The Bank's direct contribuwion to mobilizing resources has been
a substantial increase in its own lending for energy projects. This has
grown substantially in recent years, doubling from US$1.5 billion in FY
1979 to US$3.4 billion in FY82 (see Table VI.1). Although this is still
a small fraction of the total investment requirements for energy
development in the developing countries it has made the Bank the single
most important official source of external. capital for energy development
in the developing countries. In the poorer developing countries which
have limited access to commercial finance, the US$2.3 billion of highly
concessional IDA financing provided during 1979-82 has made a major
contribution to underwriting the process of structural change in the
energy sector. As well as participating directly in energy financing,
the Bank has made a major effort to mobilize resources from other
sources. Within the countries concerned, adequate local resource genera-
tion has been addressed through the pricing and financial conditions
attached to Bank loans and through the Bank's dialogue on sector issues
with national policy makers. A special effort has also been made in the
energy sector to mobilize additional external resources through cofinanc-
ing and through the identification of opportunities for direct private
investment.
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Cofinancing.

6.10 The emphasis placed by the Bank on the cofinancing of its
energy projects stems from three factors.

- the substantial investments needed for energy development in
the developing countries require a major effort to mobilize
funds from all potential sources;

- projects in the energy sector are more likely to attract
cofinancing than those in many other sectors because of the
wide interest in energy development by both private and
official financing agencies; and

- projects supported by the Bank are attractive to other lenders
because they are assured that the project is carefully
appraised from the technical, financial and economic angles and
because the presence of the Bank is seen to diminish risk.

During the FY 1979-82 period, the US$10.1 billion of Bank lending for
energy was associated with another US$11.2 billion of cofinancing from
bilateral and other multilateral agencies, export and suppliers' credits,
as well as commercial banks and private sources. The "average" Bank
energy project over this period had a total cost of US$ 322.6 million
with a foreign exchange component of 48 percent. As Table 6.2 shows, the
Bank financed an average of 22 percent of the total cost (46 percent of
the foreign exchange cost) while external cofinancing covered 25 percent
of the total cost (51 percent of the foreign exchange cost). On average,
therefore, the government and/or the local sponsor financed the entire
local currency cost, plus about 3 percent of the foreign exchange cost of
these projects. However, there are marked differences in financing
patterns between types of projects, as well as among projects in the
various energy subsectors. Pre-development and engineering projects
(average cost US$ 16 million) have a higher proportion of their cost in
foreign exchange (72 percent average). Because of their higher risks,
small loan amounts and the need for speedy implementation, these projects
are not very attractive to many financing agencies and the Bank has
financed a larger share of their total cost than is the case for
development projects.
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Table VI.2 - Financing of World Bank Energy Projects, FY 1979-82

Number Of Percent of Total Percent of Foreign
Projects Project Cost Exchange Cost a/

Bank/IDA Other Bank/IDA Other
External External

Oil and Gas 43 30 45 38 57
Pre-development 28 66 8 88 11
Development 15 27 48 34 61

Power 83 23 24 53 54

Coal 5 20 25 32 42

All Energy Projects b/ 138 22 25 46 51

a/ Financing of a share of local costs by external agencies can raise
the total percentages in these columns above 100%.

b/ Includes "other" energy projects.

Source: World Bank.

6.11 The highest degree of cofinancing has been in oil and gas
development projects where every US$1 of Bank financing was matched by
US$1.78 from other external cofinanciers. The cofinancing ratios for the
other energy subsectors were 1.28:1 for coal projects, 1.03:1 for power
projects and 0.96:1 for other energy projects (refineries, biomass,
etc.). However, in interpreting these cofinancing ratios it is important
to note that they are sensitive to the definition of the particular
"project". In some cases a narrowly defined project may be part of an
integrated program of investments. In these instances, Bank finance may
represent a relatively high share of a project's costs while remaining a
relatively small share of the costs of the overall investment program.
An example is the Bombay High II project for oil development offshore
India. The Bank's role here in techrLology transfers, reservoir
engineering, institution building and infrastructure development
materially benefits potential investors and lenders who might be
interested in the same field or in other part;s of the program.

6.12 Cofinancing will continue to be an important feature of Bank
projects but two important caveats deserve mention. First, even if a
project is highly successful in attracting cofinancing, a minimum
participation by the Bank is necessary to ensure that the Bank's
judgement is accorded due weight in decisiorLs affecting the project, the
subsector and the sector. This is especially important in the energy
sector because of the Bank's broad involvement in energy policy and the
need to seek agreements with the government and concerned enterprises on
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sensitive matters affecting sector policy and institutional
arrangements. It may sometimes be necessary to apply this criterion not
only to the Bank's share of a whole project but also to its share in
specific components of the project, to allow it to be closely involved in
the project until completion. In such cases, the Bank may be required to
finance a higher proportion of project cost in order to assure a project
is completed satisfactorily. In other instances where the basis for a
sound policy dialogue has been established firmly, where significant
progress has been made in formulating and implementing an energy policy,
where institution building and technology transfer are proceeding well,
and where the project is attractive to other financiers - official or
private - the Bank's share might be relatively low. Clearly these
conditions vary across projects and countries and any general guidelines
on the extent of Bank participation have to be applied flexibly on a case
by case basis.

6.13 The second caveat is that while individual projects may offer
useful vehicles for mobilizing cofinancing, the decision on the appropri-
ate pattern of energy development and financing is one that must be taken
at the country level. In some countries, the overall foreign financing
pattern and debt service ratios may be such that additional commercial
financing should be limited and that, even after taking account of
cofinancier preferences, commercial borrowing for a particular energy
project may not be desirable from a national viewpoint, even though it is
feasible from the project or project executing agency's standpoint.
Moreover, in a great many developing countries the prospects for a
substantial expansion in commercial bank lending for any sector are
severely limited for lack of creditworthiness. The vast majority of
lower income developing countries fall into this group but, as recent
events have demonstrated, this constraint also applies to some of the
middle income developing countries whose capacity to service a rising
external debt is becoming increasingly strained. For this group of
countries, attractive project economics will seldom override the limits
imposed on commercial lending by the perceptions of country risk and
creditworthiness. However, this is also the group of countries with the
most pressing need to restructure their pattern of energy supply by
developing indigenous energy resources. To help them achieve this impor-
tant transition the Bank and other official financing agencies will often
need to provide a much larger share of energy project costs.

6.14 On feature which deserves greater emphasis in light of the very
large investment requirements and the scarcity of external capital is
project or non-recourse financing. This will be promoted wherever
possible as a way of mobilizing additional commercial finance. However,
the conditions necessary for successful non-recourse financing of energy
projects (an internationally known and respected project sponsor, country
perceived to be reasonably creditworthy and, preferably, an export
oriented project) are not commonly met. The scope for such financing is
therefore likely to be limited in the near future but every effort should
be made to expand it as rapidly as feasible. A review of all of the
petroleum projects financed to date by the Bank shows that none of them
would have met the conditions required for successful non-recourse
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financing. In some cases (such as in the Ivory Coast) non-recourse type
financing may become a feasible option at a later stage in project
development, but Government guaranteed borrowing (in which the Bank can
assist) is initially necessary to develop the project to the point where
it is an attractive candidate for additional non-recourse financing.

Promoting Direct Private Investment.

6.15 The Bank also promotes direct equity investments by the
international energy industry in developing countries' energy supplies.
The greatest potential for this is, of course, in oil and gas where the
international petroleum industry has traditionally made an important
technical and financial contribution. A variety of instruments are used
by the Bank to pursue this objective. The Bank's exploration promotion
projects are expressly designed to rekindle the interest of private
companies in explorat:ion and development by providing a better geological
data base, rationalized and cLearer incentive and contractual frameworks
and a stronger legal and institutional capability in the sector.

6.16 Other promotional vehicles also are used. Exploration
drilling, reserve audits, and infrastrucl:ure financed by the Bank often
have beneficial side effects. For example, the appraisal drilling in
Tanzania induced further exploration by private companies which has
resulted in the discovery of what ccluld be a major gas deposit.
Sometimes infrastructure investments financed by the Bank encourage
private involvement in exploration and appraisal. In Thailand, the Bank-
supported gas pipeline has made it possible to develop small gas deposits
situated adjacent to the pipeline (see Box 3.2). The Bank can also help
in financing the share of national oil companies in joint ventures with
international partners. There is now a growing body of evidence to
indicate that international oil companies and the commercial banks prefer
the national oil company of the host country to participate in their
developing country projects, partly because this increases the perceived
stability of the underlying contractual arrangements. However, many
NOC's do not have ready access to the financial resources necessary for
effective participation. By providing these the Bank can help to
overcome a frequent stumbling block, in the development of joint venture
projects (a project in Ivory Coast prov:Ldes an example). Finally, the
Bank may issue a "letter of cooperation", as described in Chapter III,
and assist in other arrangements to reduce the perception of political
risk when asked to do so by the host government and the private investor
concerned.

6.17 In addition to the activities undertaken directly by the Bank,
its affiliate, the International Finance Corporation (IFC), is playing an
expanding role in energy investments in developing countries. IFC was
created to encourage the mobilizatjion of productive private investment,
both foreign and domestic. In this capacity, IFC not only makes loans
for energy ventures but has the unique ability to make equity investments
directly in private sector projects. IFC has invested both equity and
loans in oil and gas field developments, in enhanced oil recovery, the
mining of coal, in power transmission, gas pipelines, ethanol facilities,
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and in domestic refineries. In addition, it has invested in gas
utilization projects and has been instrumental in assisting the
negotiation of geothermal power contracts and gas pipeline tariffs.
IFC's continued expansion in the energy sector and its future strategy
are an integral part of its new Five-Year Plan for FY 1984-88, already
under discussion. These activities are viewed as an important complement
to those of the Bank itself.

6.18 In addition to these specific instruments, the Bank also helps
to encourage private investment in energy by identifying and discussing
with national policymakers broader sectoral issues which may be acting as
obstacles to this expansion. Producer pricing for gas and oil is a
frequent subject of analysis, as is the country's overall approach to
private energy investment and the allocation of prospective acreage
between the private sector and the national oil company.

6.19 In carrying out this dialogue, the Bank's primary objective is
to accelerate the pace of energy development in its member countries
consistent with their broader development goals. The Bank fully
appreciates the crucial role of the international energy industry in
achieving this objective. However, its experience has demonstrated that
in a number of circumstances the priorities of the private sector may not
match the priorities of an individual country. These circumstances,
which were discussed at length in Chapter III above, include the limited
interest of international oil companies in developing small oil fields or
gas resources, which have little export potential; the effect of the
current cash constraints on the size of investments in exploration in the
developing countries; the unwillingness of the industry to invest in
countries perceived as high political or economic risks; or a simple
divergence in the priorities attached to a particular energy development
project by an industry with global investment options and by the country,
for which this may be the only prospect for improving energy supply.
These factors may necessitate the allocation of public resources to
energy development in a number of countries. As a development
institution the Bank is ready to support these national efforts when it
is convinced that they are an appropriate feature of the country's
optimal sectoral and national development strategy.

B. Strengthening Energy Sector Management

6.20 Along with its financial involvement, the Bank has made a major
effort to assist its member countries in strengthening their management
of the energy sector. In doing this it has built upon its traditional
strengths:

- competent project selection, formulation and implementation;

- strengthening indigenous institutions and developing an
effective sector planning and management capability;

- analyzing key sector issues and helping the country formulate
an appropriate overall sector development strategy.

These points are dealt with in the following sections.
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Project Selection, Design and Implementation

6.21 As well as requiring that projects have satisfactory economic
rates of return and are part of the country's investment priorities, a
traditional objective of Bank financing is to ensure that the projects it
finances are well designed, are environmentally sound, incorporate
technology appropriate to the circumstances, are implemented competently,
and put into position an agency capable not only of implementing the
project but subsequently running and operating it. This is particularly
important in the energy sector where technology is evolving rapidly,
where many countries lack strong institutions, and where the cost of
delay or wrong choice is high. The Bank's approach to project financing
has therefore been qualitatively different from other financing
institutions in its emphasis on a review of sector objectives, priorities
and investment options. Sometimes this work leads to the selection of a
project which had not previously been considered by the host country or
had been rejected due to incomplete analysis. It can also identify
priority investment opportunities which have not been taken up by other
financing sources (such as international energy companies) because the
investment, while attractive from the country's point of view, ranks low

according to the global criteria used by them.

6.22 After a priority investment needl has been identified, the Bank
seeks to ensure that the project's design represents the least cost
solution. In the energy sector, this frequently implies an analysis of
alternative development options for the supply system as a whole, because
of the strong interlinkages and complementaries that exist among
individual projects. The continued involvement of Bank staff throughout
project implementation is particularly important in the energy sector
because this sector now posses problems with which many developing
countries are unfamiliar and which evolve over time. Regular onsite
supervision of the project enables the Bank to help resolve technical
problems, insist on continued budgetary support for agreed financing of
local currency expenditures and ensure that institutional arrangements
are modified if necessary for the timely and cost-effective completion of
the project. Bank staff also assist the borrower in identifying needs
for external inputs, in preparing terms of' reference for consultants used
in project preparation or implementation., and in reviewing the latters'
qualifications and in evaluating tlheir work. At all stages the Bank
seeks to ensure that the borrower's interests are safeguarded while, at
the same time, bringing to bear on each decision an objective perspective
and the experience it has gained in dealing with similar problems in
other countries.

6.23 A key contribution by the Bank in the project context is the
transfer of technology to the borrower. Special efforts are made to
incorporate appropriate technology in the project design, not only to
enhance project benefits but to benefit the entire sector. Transferring
technology is an underlying objective of a large number of Bank-financed
energy projects. For example, while the Bank-financed hydrocarbon
projects in China should strengthen the energy base by increasing oil
production, they should also upgrade the technologies used in a wide
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range of oil field activities, such as those for acquiring and processing
geophysical data, drilling, production, reservoir engineering and
enhanced oil recovery. The objectives and modes of technology transfer
in Bank petroleum projects are discussed briefly in Box 6.1.

Institutional Strengthening

6.24 An equally important objective of the Bank is to strengthen
indigenous sector management. At the project level, it helps governments
to design implementation arrangements to create a corpus of managers to
maintain, operate and expand the facilities provided under the project.
To secure longer-term benefits such as the development of stronger
indigenous institutions (as in the Cairo gas distribution project),
projects may have to be implemented more slowly than if, say, they were
left in the hands of experienced expatriate engineering contractors, but
with the benefit that they can be operated efficiently by indigenous
staff thereafter. Many projects provide for training and technical
assistance to address institutional weaknesses. Studies have been
financed and systems put into place under Bank projects for improving
management information, budgetary control and accounting, and financial
management. At the sectoral level, the Energy Sector Management Program
(Box 4.4) provides a good example of a flexible and quick response to an
emerging need for technical assistance identified through both project
and sector work in these countries. This type of assistance is also
being provided increasingly under the aegis of regular Bank projects.
The petroleum exploration promotion projects financed by the Bank, for
example, provide assistance in seting up an indigenous capability to
negotiate contracts with international oil companies and monitor the
petroleum exploration and development activities in the country.

Sectoral Issues

6.25 The integrative analysis of macroeconomic, sectoral and project
priorities is an intrinsic part of the Bank's work. This analysis and
the ensuing dialogue with national policymakers covers a wide range of
sectoral issues, such as the formulation of subsector strategies in oil,
gas, coal or power, and specific issues such as demand management and
pricing, environmental soundness, interfuel substitution, investment
planning, resource mobilization and the respective roles of public and
private agencies in the development of the sector.

6.26 The Bank uses a variety of instruments for carrying out this
work. Energy Assessment Reports and other sector studies are one vehicle
for analyzing and discussing important sector issues with member govern-
ments. An important contribution of this work has been in helping to
define "energy" as an integrated sector in many developing countries. By
highlighting the interaction that exists among policies and programs in
the various energy supply subsectors they have served to identify
previously neglected issues of coordination among the agencies
responsible for these subsectors.
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6.27 Another important vehicle for addressing broad sectoral issues
is the involvement in successive investment projects in a particular
subsector. At project appraisal and negotiation, the Bank often seeks
agreements with the government and/or the concerned energy enterprises on
issues of broad sectoral relevance as well as those affecting the project
more directly. In energy projects the pricing of petroleum, power and
coal is frequently discussed in detail, and pricing objectives are set on
the basis of an analysis of the economic and financial implications of
alternative price structures. Specific remedial measures to improve the
financial performance of the major energy supply agencies are also
generally discussed and agreed with the borrower in the context of
project negotiations. A good example of the contribution that can be
made to the definition and analysis of sectoral issues through the
vehicle of project financing is provided by the history of the Bank's
involvement in the petroleum sector iin Egypt (see Box 6.2).

6.28 Finally, in addition to sector reports and project work the
Bank influences energy policy in its member countries through the
dialogue associated with Structural Adjustment Loans, many of which have
emphasized the restructuring of policies and programs in the energy
sector. This emphasis is expected to continue because, for many
developing countries, changes in energy supply and demand will
effectively determine the success of their overall structural adjustment
efforts.

6.29 The success of the Bank's efforts to assist energy development
depends on two important factors. First, policy advice divorced from
operational involvement is seldom as effective or as relevant as it needs
to be; governments recognize this fact and demonstrate it in their recep-
tivity to such advice. The policy advice that the Bank offers is
accompanied by a financial commitment to underwrite a part of the
investments required to overcome a clifficult period of transition in the
sector. This financial support both provides continuing participation
and influence and allows the Bank to assist the line agencies to identify
and resolve problems as they arise. It also serves to underpin the
credibility of the Bank's advice, which is the second major factor
underlying the success of its efforts. However, the high degree of
credibility which the Bank enjoys in developing countries is not derived
from its financial support alone, but has had to be earned over time.
For example, when offering specific technical advice to energy supply
agencies in these countries, the Bank's staff often have to persuade line
managers that outside assistance is needed to improve their enterprise's
operations in key areas. This recuires a high degree of professional
competence to ensure that the Bank's advice is perceived as well founded.

C. The Bank's Future Energy Program

6.30 The analysis in this report confirms the need for massive
energy investments by developing countries and the scope for the World
Bank to play an important role in this effort. Although the Bank is the
largest and most active agency lending for energy in developing
countries, its lending is small relative to the investments required in



- 120 -

this sector, and will continue to be severely constrained by resource
availability. To ensure that lending for high priority investments
outside the energy sector does not fall below acceptable levels, it has
become necessary to limit the Bank's energy lending to about one-quarter
of the total. On current assumptions regarding the overall level of
Bank/IDA lending, the energy lending program is unlikely to exceed about
$4 billion a year on average over the FY83-87 period, growing in line
with overall Bank lending. On this basis, the Bank's energy lending
would amount to only 3 percent of the energy investments in the
developing countries.

6.31 Active involvement by the Bank in energy continues to be
essential because of the priority the energy sector has in the developing
countries, by the urgency of adjusting sector strategies and by the very
large volume of financing required by this sector in all countries. Bank
financing plays an important catalytic role by attracting other investors
and lenders to participate in high priority, economically sound and
financially attractive projects in all energy sub-sectors.

6.32 It is important that the Bank's energy activities continue to
be diverse and responsive to developing countries' needs. Through
project financing, technical assistance and sector assessments, the Bank
will endeavor to maintain its dialogue with member countries on sectoral
policy issues, and to provide assistance for sector management,
institutional strengthening, and implementation of rational programs of
investments, of demand management, and the commercialization of
technologies particularly suited for developing countries which are
unlikely to be developed elsewhere. The subsectoral composition of the
Bank's energy lending and the content of its technical assistance
activities will depend on the needs and priorities of individual
countries, taking into account the availability of technical advice and
financing from other sources, and the potential contribution the Bank can
make not only in mobilizing financial resources but in a wide range of
other dimensions.
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ANNEX 1

1/
Country Classification: -

A. DEVELOPING COUNTRIES:

Low Income Middle Income

Oil Importers Oil Importers

Afghanistan Nepal Argenltina Lesotho
Bangladesh Niger Barbados Liberia

Benin Pakistan Bolivia Mauritania

Bhutan Principe Botswana Mongolia

Burma Rwanda Brazil Morocco
Burundi Sao Tome Cameroon Namibia

Cape Verde Sierra Leone Chile Nicaragua
Central African Republic Somalia Colombia Panama
Chad Sri Lanka Costa Rica Papua New Guinea

Equatorial Guinea Sudan Cuba Paraguay
Ethiopia Tanzania Dominican Republic Philippines
Fiji Togo El Salvador Portugal
Ghana Uganda Greece Senegal
Guinea Upper Volta Guatemala Singapore
Guinea-Bissau Viet Nam Honduras Thailand
Guyana Zaire Hong Kong Turkey
Haiti Israel Uruguay
India Ivory Coast Yemen, AR

Kampuchea, Dem. Jamaica Yemen, PDR
Lao, PDR Jordan Yugoslavia
Madagascar Kenya Zambia
Malawi Korea, PDR Zimbabwe
Mali Korea, Rep
Mozambique Lebanon

Oil Exporters Oil Exporters

China Algeria Malaysia
Angola Mexico
Congc,, PR Nigeria
Ecuador Peru
Egypt. Syria, AR
Gabon Trinidad & Tobago

Indonesia Tunisia
Iran Venezuela
Iraq

B. CAPITAL SURPLUS OIL EXPORTERS:

Bahrain Libya Saudi Arabia
Brunei Oman United Arab Emirates
Kuwait Qatar

C. INDUSTRIAL MARKET ECONOMIES:

Australia Germany, FR New Zealand
Austria Iceland Norway
Belgium Ireland Spain
Canada Italy Sweden
Denmark Japan Switzerland
Finland Luxemburg United Kingdom
France Netherlands United States

D. CENTRALLY PLANNED ECONOMIES:

Albania German DR Romania
Bulgaria Hungary USSR
Czechoslovakia Poland

- This table is based on the regional format prepared for WDR VI. This table does not show all countries with less
than one million population and without production (or prospects of future production) of oil, gas and coal.
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ANNEX 2
Page 1 of 2

CONVERSION FACTORS

APPROXIMATE CALORIFIC EQUIVALENTS

One ton of oil equivalent (toe) equals approximately:

Heat units:

10.2 x 106 kilocalories
40.5 x 106 BTUs
42,700 x 106 joules

Electricity:

4.0 x 103 kilowatt-hours of primary electricity at
thermal replacement value based on efficiency
of about 34 percent in thermal electricity generation.

Natural gas:

40.47 x 103 cubic feet.

Solid fuels:

1.46 tons of standard coal
Actual calorific values of solid fuels are as given by the
United Nations, World Energy Supplies 1980, with the following
exceptions:

Argentina = 1.82 tons of coal
Brazil = 2.42 tons of coal
Egypt = 1.46 tons of coal
Indonesia = 1.96 tons of coal
Mexico = 2.16 tons of coal
Philippines = 1.81 tons of coal
Thailand = 4.03 tons of lignite
Turkey = 1.46 tons of coal

= 5.18 tons of lignite
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Page 2 of 2

ABBREVIATIONS

boe Barrel of oil equi'valent
bdoe Barrels per day of oil equivalent
tce : Metric ton of coal equivalent
tpy : Metric tons per year (output of coal plant)
Btu British thermal unit
kcal Kilocalorie (1,000 calories)
kW Kilowatt (1,000 watts)
mW Megawatt (1,000 kW)
gW Gigawatt (1,000 mW)
tW Terawatt (1,000 gW)
kWh Kilowatt hour
gWh :Gigawatt hour
mmcfd Million cubic feet per day
tcf Trillion cubic feet
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ANNEX 3

Assumptions Used for Natural Gas Netback Studies

1. Estimates of netbacks are based on World Bank project data and a
number of consultant studies using parameters from a range of specific
cases. All projects were assumed to have a 20 year operating lifetime. The
discount rate used in all estimates is 10 percent; higher discouint rates woul6
reduce some netbacks more than others, depending on the capital intensity of
projects and the timing of their cost and benefit streams. The netback values
are based on economic costs and benefits. The price projections used in tbe
calculations (see table below) are expressed in mid-1982 constant prices and
assume an annual real price increase for most fuels of about 2 percent after
1984.

Price Assumptions Used for Natural Gas Netback Studies
(US$/ton, constant mid-1982 prices)

1982 1985 1990 1995 2000

LNG Liquefied Natural Gas
Crude Oil(CIF) 248 253 290 320 353
Fuel Oil (CIF) 185 193 221 244 269

Power a/
Fuel Oil (A) 185 193 221 244 269
Fuel Oil (B) 178 186 214 236 261
Distillate (A) 305 318 364 401 443
Distillate (B) 300 314 361 398 440
Imported Coal (A) 104 106 114 122 131
Imported Coal (B) 137 139 150 161 173
Lignite (B) 137 135 143 150 158

Residential Distribution
Kerosene (retail) 354 369 399 435 474
LPG (retail) 464 474 500 529 560

Fertilizers
Ammonia 160 258 330 380 380
Urea 160 235 290 360 360

a/ Based on two cases: (A) - small power system with only thermal
capacity;

(B) - large power system with a mix of
hydro and thermal plants.

2. In interpreting the netback values it is important to note that these
are measured at the "user's gate". Since gas transmission and distribtuion
costs for different users may vary widely, the netback comparison at the
wellhead may produce different values and/or rankings for these uses.
Moreover, as the lead times for developing the various gas using projects also
varies considerably, it is important that the calculation of comparative
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netbacks takes this into account by discounting future cost and benefit
streams both to the same point in time. Other end-use specific points are
discussed below.

3. Power. The netback value of gas used to generate electricity is
calculated as the difference in discounted total system costs over a 20 year
planning period for system expansion plans optimized with and without supplies
of natural gas. The results are presente!d for two cases: Case A portrays a
relatively small system with only thermal capacity and Case B a larger power
supply with a mix of hydro and thermal plants. The netback estimates include
the value of fuel replaced by gas as well as the differential construction
costs to optimize plant mix, which vary according to the fuel used. The range
of figures in Table III.4 is for a given system varying the size of gas using
plants, with the quantity of gas supply changing from 20 MMCFD to close to 350
MMCFD.

4. Fertilizer. The netbacks for integrated ammonia-urea plants are
estimated for large plant sizes (around 500,000 tpy) located 2,500 miles from
relevant export/import markets. The three cases cited in Table III.4 reflect
a range of construction and capital costs. Gas consumption starts three years
after construction begins.

5. Residential/Commercial Distribution. This sector consumes relatively
small amounts of natural gas generally as a substitute for high value LPG and
kerosene. It is assumed that the complete nelrwork would take nine years to
construct. Consumption starts after the first year of construction and
increases following an "S" shape curve to cover 70 percent of potential
consumers over nine years. The results in Table III.4 are for an oil
importing country and, therefore, use CIF prices for fuels replaced by natural
gas. The study compares the costs and benefits of gas at the burner tip, and
includes all household equipment costs attributable to natural gas. The range
of figures is based on different urban population densities, types of housing
and total amounts of gas used. Residential gas use is most economic in new
cities which require space heating and least economic in existing cities where
gas is to be used largely for cooking. For existing cities, consumption is
assumed to be 12 MCF per year per household for cooking and about 25 MCF per
year if water heating is included; the addition of space heating increases it
to a 40-70 MCF per year per household.

6. Liquefied Natural Gas. The esti'mates take account only of economic
costs and benefits, though different debt/equity ratios can cause significant
differences in overall project profitability. In any LNG project there is a
close link between financing arrangements, lhe costs of equipment (often
purchased from the country which is buying the gas) and the price of gas. As
a result it may often be difficult to ascertain the economic costs. The
netback value takes account of all :Liquefaction, transport, and regasification
costs. Present values of cash flow streams are calculated as of the year
construction begins. Within the range of plant sizes studied (300-500 MMCFD),
there are small differences in netback values; however, there are diseconomies
of scale in systems with smaller capacity than this. Netback values are more
significantly affected by location, and particularly by the presence or
absence of infrastructure. In the example considered, the absence of pre-
existing infrastructure would raise construction costs for a liquefaction
plant by about 50 percent. Lastly, LNG netback values are strongly influenced
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by the assumed value of gas delivered in the consuming country: if the price
of gas is tied to the CIF price of fuel oil in the consuming country, as has
been done for the estimates in Table III.4, netbacks are lower than if the
price is tied to that of crude oil.
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ANNEX 4
Page 1 of 2

GLOSSARY

The collective terms used to describe various energy groups are poorly
defined, and several meanings for similar terms can be found in the lite-
rature on the subject. Collective terms used in this report are defined
as follows:

Conventional Energy. Energy sources which have hitherto provided

the bulk of the requirements for modern industrial society, i.e.,
coal (including lignite and peat); petroleum (including fuel oil,

gasoline, kerosene, diesel fuel, natural gas and liquefied petroleum
gas); and electricity generated by burning one or other of these
fuels, or from geothermal hydro or nuclear power. Wood is not
included in this category although it was extensively used in the
past, and still is to some extent, for industrial purposes.

Commercial Energy. Any energy form sold in the course of commerce

or provided by a public utility. The term is virtually synonymous
with Conventional Energy. Wood and other traditional fuels (see
below) are not included although they are widely traded.

Primary Energy. An energy form in which there has been no chemical

transformation before use. The term is of significance principally
in relation to electricity generation, where hydropower is regarded
as primary energy and thermal-generai:ed power as secondary energy.
Nuclear power is commonly referred to as primary energy although
this does not accord with a strict interpretation of the definition.

Renewable Energy. An energy form, the supply of which is partly or

wholly regenerated in the course of the annual solar cycle. Thus
solar and wind energy, hydropower, and fuels of vegetable origin are
regarded as renewable; mineral fuels and nuclear power are not.

Biomass Fuels. Combustible and/or fermentable material of vegetable

origin, for example wood, charcoal, corn cobs, cotton stalks, rice
husks, dung cakes.

Traditional or Non-Commercial Energy. Those energy forms generally

used in "traditional" or pre-inclustrial societies. They are largely
synonymous with biomass fuels and the term is generally regarded as
excluding mineral fuels and hydropower, despite the fact that water
wheels have been in use for over 1,000 years. These energy forms
are sometimes also referred to as Non-Commercial Energy, even though
wood fuels are often traded.
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ANNEX 4
Page 2 of 2

Terms used in the report to describe particular forms of energy or proce-
dures are defined as follows:

CNG. Compressed Natural Gas.

Enhanced Recovery or Secondary Recovery. Methods of extracting a
higher proportion of crude oil from a reservoir than can be obtained
initially by using the natural energy of the reservoir.

Heavy Oil. Crude oil of high viscosity which in many cases prevents
its being recovered from wells by normal methods.

Liquefied Natural Gas (LNG). Methane gas, liquefied by
refrigeration to -161.4° C (-258.5° F).

Liquefied Petroleum Gas (LPG). Propane and butane gas liquefied, at
ambient temperatures by pressure, or refrigerated to -45° C (-50° F)
at atmospheric pressure.

Natural Gas. Any hydrocarbon or mixture of hydrocarbons occurring
in a gaseous state at ambient temperature and pressure (principally
methane).

Oil Shale. Sedimentary rock containing solid organic matter that
can be extracted in liquid or gaseous form by heat.

Recoverable Reserves. Reserves of oil and gas recoverable from
known reservoirs, with existing technology, under present economic
conditions.

Ultimate Recovery Reserves (URR). The total amount of oil and gas
recovered and believed to be recoverable from both discovered and
undiscovered reservoirs, in the light of probable improvements in
technology, and based on a geological evaluation of a particular
area or territory.

Retrofitting. Installing an energy saving device or process (or an
alternative type of boiler) after a plant has begun operating.

Synthetics or Synthetic Fuels. Fuels derived by chemical or other
industrial processes from biomass, coal or petroleum.

Tar Sands (also known as "Oil Sands"). Sand and sandstone
impregnated with heavy oil.
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Box 1.1

The World Bank's Energy Program

The World Bank's lending for energy projects has expanded
rapidly in recent years, from US$1.1 billion in FY77 to US$3.4 billion in
FY82. Of the total lending in FY82, US$0.7 billion were highly
concessional IDA credits to low income countries. As a proportion of the
World Bank's total lending, energy's share was 14.8 percent in FY76-78,
rising to 19.4 percent in FY79-81 and 25.8 percent in FY82.

A key feature of the larger energy lending by the World Bank has
been diversification--adding, on an increasing scale, oil and gas
exploration and development, other sources of energy and energy
conservation to the previous lending for power, coal and pipelines.
However, power still accounts for the largest share of the, Bank's lending
for energy investments in the developing countries.

The growth in lending for oil and gas has been most striking.
Since the inception of this program in 1977, projects have been
identified in over 50 countries and loans have been made for 44 projects
in 36 countries, for a cumulative amount of about US$1.8 billion. Among
these, 26 loans for about'tS$350 million dollars were for pre-development
activities started since 1979, when lending for this purpose was
approved. In FY83, the Bank is expected to lend about US$1 billion for
oil and gas. A program to accelerate exploration and development of coal
was formulated in 1979. Five projects have been approved since then and
a further twelve are under preparation.

Following a systematic review of renewable energy needs and
potentials, the Bank has been building up a lending program that stresses
fuelwood projects, selective support for alcohol programs and the
incorporation of technologies for using renewable energy as components in
Bank projects, sometimes on a demonstration or pilot basis. The Bank
recently began lending to upgrade the processing facilities in refineries
to convert fuel oil into middle distillates and to support a wide range
of activities to help increase the efficiency of energy use in developing
countries.

Its program also supports the formulation and implementation of
policies to foster rational energy development and to encourage the
mobilization of the required resources, both human and financial. This
is done through loans for projects, structural adjustment and technical
assistance, all of which are appraised in their sectoral and subsectoral
context and help to support the rational selection of investment
priorities, pricing and institutional reform, manpower development and
transfer of technology. It is also done by way of the UNDP/World Bank
Programs of Energy Assessments and Energy Sector Management.
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Box 2.1

Determinants of Energy Consumption: Cross-Country Comparisons

Although it is obvious that energy is essential for economic
development, it is less obvious why its use differs so much among
economies at similar levels of development. For example, India's or
China's per capita consumption of total commercial energy could be
considered "abnormally" high in compariscn to that of other low income
developing countries, and per capita energy use in the US has exceeded
that in Sweden by 50 percent or more in recent years.

To improve knowledge of the determinants of energy consumption,
a recent Bank-sponsored study has analyzed cross-country variations in
the consumption of total commercial energy, commercial energy plus
fuelwood, petroleum, and electricity for two periods, 1969-71 and 1976-
78. The models of energy demand used in this study relate intercountry
differences in per capita use of energy to differences in (a) per capita
GDP and population, (b) petroleum product prices, (c) energy-related
aspects of economic structures not fully reflected in per capita income
differences, and (d) winter temperature (to reflect requirements for
space heating).

The study finds that:

o For all four categories of energ;y, per capita GDP plays by far
the largest role in explaining intercountry differences in per
capita use.

o Petroleum product prices are significant for explaining
intercountry differences in petrcleum consumption.

o The production of energy-intensive materials is an important
determinant of energy use for each of the four energy categories
considered in the study.

o Winter temperature has a significant influence on intercountry
differences in consumption of commercial energy plus fuelwood.
However, because of the correlation of temperature with
structural factors and with GDP, it has less influence on
commercial energy consumption than might have been expected.

Taking account of all four explanatory variables, the
responsiveness of energy use to changes in per capita income was quite
stable over the two time periods. The income elasticity of demand for
energy was about 1.08 for commercial energy, 1.10 for petroleum
consumption, 0.90 for commercial energy-plus-fuelwood, and 1.17 for
electricity. The price elasticity of demand for petroleum in non-OPEC
countries was -0.55.
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Box 2.2

The World Bank's Role in Improving Energy Efficiency

During the last two to three years the Bank has addressed the
task of improving energy efficiency in the developing countries on
several fronts. The joint UNDP/World Bank Energy Assessment Program (see
Box 4.3) has increased awareness of the scope for energy savings,
particularly in industry and transport and the electric power
subsector. Follow-up is planned as part of the Energy Sector Management
Program. The assessments have identified substantial scope for reducing
energy consumption per unit of output (Sri Lanka, Turkey) as well as
opportunities for substantial reductions in energy costs by replacing
petroleum with cheaper fuels, particularly in industry and power. In a
number of cases, the Bank is following up through further technical
assistance and projects (gas conversions for industrial consumers in
Bangladesh; bagasse development for power in Mauritius).

The Bank's lending to improve energy efficiency and its
preparation of energy conservation projects are increasing markedly: a
number of structural adjustment loans have addressed the need for energy
conservation (Republic of Korea, Turkey, Guyana), with emphasis on
improved pticing policies and energy audits. Industrial energy audits in
the Republic of Korea, for example, have identified a number of large
industrial plants where fuel savings of 20 percent and more are possible
with relatively modest investments having payback periods of less than
one year. A number of loans have been made and are in preparation for
modifying existing processes and for converting to cheaper fuels in
energy-intensive plants, (refineries in Argentina and India, steel in
Egypt, cement in Portugal, fertilizers in Turkey). Technical assistance
has been provided for energy audits and institutional strengthening for
energy conservation in various countries (Argentina, Barbados, Panama,
Portugal, Turkey, Yugoslavia).

Many of the Bank's lending operations in energy and industry
have addressed energy pricing policies, helping countries towards more
rational and efficiency-oriented pricing for the various forms of energy
(for example power tariffs in Tunisia; gas prices in Thailand, petroleum
prices in Morocco and Pakistan, coal prices in Indonesia). Energy
pricing is frequently discussed as part of the dialogue on structural
adjustment lending.

A number of operations will improve power distribution systems
(e.g. in Burundi and Jamaica) and thereby reduce heavy distribution
losses. Recently, the Bank has developed and begun to implement, with
UNDP assistance, a pilot program for Power System Loss Reduction. (See
Box 2.2)

The Bank is supporting studies of how to improve energy
efficiency in transport (for example in Brazil, India, Republic of
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Korea), and a number of urban traffic management projects have been
designed to alleviate congestion and thereby reduce automotive fuel
consumption. A recent railway modernization project in India includes a
component to improve diesel locomotive fueL efficiency.

Efforts to make the consumption of fuelwood and other biomass
fuels more efficient include the promotzion of better woodstoves in
forestry/fuelwood/rural development projects, for example in Burundi,
India, Nepal and the Philippines. A number of energy assessments have
identified scope for substantial savings of fuelwood in industry (for
example in tobacco drying in Malawi).
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Box 2.3

Loss Reduction in Power Systems

The rise in the cost of generating electricity has made it
economic to increase investments in capacitors and in oversized
distribution equipment in order to reduce losses from the distribution
system. Investments to improve efficiency are justified in most power
systems in developing countries, but they are frequently not made because
they do not qualify as "projects" in the usual sense and therefore do not
appear in the project portfolios of governments seeking financing.
Improvements in the efficiency of power systems have been identified as
necessary in most of the country energy assessments that have been
completed under the joint UNDP-World Bank program. In response to these
findings, the UNDP agreed to fund an initial program to identify power
system efficiency projects in developing countries. This program uses a
computer-based methodology, developed under a World Bank research
project, to determine the optimal level of losses and identify how actual
technical losses can be reduced to this level.

A pilot study of Zimbabwe's power system, which is relatively
efficient, revealed significant and unexpected opportunities for
efficiency improvements--for example, an expenditure of a million dollars
on capacitors would have a payback period of less than two years.
Similar findings are expected in Panama and Sri Lanka, whose systems are
also being studied under the UNDP grant. These studies would help
identify and initiate the preparation of training, rehabilitation and
investment projects for which financing could be obtained from bilateral
and multilateral sources including but not limited to the World Bank.
Measures to reduce power losses are expected to be implemented in many
more countries under the Bank's power projects and under the overall
Energy Sector Management Program (Box 4.4).
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Box 3.1

The World Bank's Exploration Promotion Projects in Oil and Gas

The main purpose of the Bank's exploration promotion projects
for petroleum has been to accelerate the competitive offering of new
acreage to the international petroleum indlustry on reasonable terms. To
date, exploration promotion has focused largely on developing countries
that do not produce oil. Promotion projects contain one or more of the
following elements:

o Preparation of promotional data, relying heavily on the orderly
compilation of existing data but also occasionally financing the
limited acquisition of new data through aeromagnetic or gravity
surveys, or reconnaissance seismic drilling where necessary.

o Technical assistance and training for national entities in
petroleum geology/geophysics and engineering, economics,
accounting, and petroleum law.

o Expert advice on petroleum laws, contracts and taxes, from
consultants hired by the nationa:L agency, who also assist in the
promotion and subsequent negotiation of contracts with the
international industry.

o The reduction of political risks through a variety of
arrangements ensuring Bank "presence" during the exploration
and/or development phases of foreign contractor activity.

o The assessment of past single-well discoveries which could be
profitable under current economic conditions.

Exploration promotion features in close to half the Bank's oil
and gas projects approved to date, though it amounts to only 5 percent of
the cost of this program. The strong appeal of exploration promotion
projects lies in their potentially :Large multiplier effect. In
Madagascar -- the first country to go through the full cycle of project
definition, promotion and negotiation of contracts -- two million dollars
in Bank credits were disbursed within 18 months, while the total
commitments made with four international companies for exploration
amounted to more than US$70 million. Other countries where promotion
projects are well advanced and seem likely to result in new commitments,
despite the unfavorable exploratiorn climate, include Equatorial Guinea,
Guinea-Bissau, Kenya, Liberia and Somalia.

The Bank's emphasis on exploration promotion will continue to
grow over the next several years. Conventional promotion projects in
smaller countries with little or no petroleum activity remain to be
completed, and in many of the countries concerned, follow-up promotion
may be justifiable. New possibilities for promotion projects lie in
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producing countries and in gas exploration. Significant exploration
opportunities in larger petroleum producing countries are being set aside
or postponed, to the host countries' disadvantage, by national policies
which unreasonably restrict international oil companies' access to
acreage. Bank dialogue with these countries has increasingly stressed
the benefits of a open door policy. The Bank has already identified
opportunities for promoting gas exploration and development for internal
markets and is working with host country governments to remove policy-
related impediments, notably in the pricing area, to new foreign
investment.
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Box 3.2

World Bank Assistance for Gas Development in Thailand

1. Natural gas exploration, development, transmission and domestic
utilization makes up a large and growin-g share of the World Bank's
assistance for petroleum development in developing countries. The Bank's
involvement in Thailand is typical.

2. The discovery of gas in 1974 by Union Oil in the Gulf of
Thailand offered Thailand the chance! to reduce radically its dependence
on imported energy. Utilization of this gas depended on the Government
of Thailand being able to negotiatea a mutually satisfactory agreement
with Union Oil and to develop the infrastructure and market for natural
gas in a timely fashion. Since Thailand had no previous experience in
gas, the Government approached the Bank for assistance. The Bank
attempted to provide comprehensive and detailed assistance in all phases
of formulating and implementing a strategy for the rapid utilization of a
new resource, with the overall objective of creating a national capacity
to manage the sector. The areas in which the Bank made a contribution
included preliminary engineering, market evaluation, suggesting an
advisor to the Government on negotiations with Union Oil, and assistance
in creating the Natural Gas Organlzation of Thailand (NGOT) and its
successor, the Petroleum Authority o:E Thailand, PTT. Advice was given on
domestic gas pricing based on economic costs, and on the roles to be
played by public and private bodiejs in developing the resource. In
establishing NGOT and PTT, particular attention was given to identifying
staffing requirements, training, and developing capabilities for planning
and programming, appraising investments and monitoring projects. Needs
for data and for research were identified, and arrangements were made to
secure them. A study of gas utilization examined the impact that
Thailand's gas supplies will have on Thai industry and identified a
number of gas-based industries such as plastics and fertilizers for
optimal use of the gas.

3. The Bank helped finance threeh gas projects: for detailed
engineering in 1978; for pipeline construction in 1980; and for gas
treatment and LPG separation in 1982. I'he second project helped build
one of the longest submarine pipelines in the world, at a total cost of
US$450 million. The Bank financed IJS$107 million (including refinancing
of the first engineering loan) and helped mobilize cofinancing from
commercial banks (US$154 million) and frora export credit agencies (US$123
million). In parallel, Union Oil financed all of the field
development. The pipeline was completed on time and within original cost
estimates, starting delivery of gas in September 1982 to South Bangkok
and Bang Pakong where gas is now replacing fuel oil and diesel in power
generation. There were some initial difficulties in producing the
anticipated volume of gas, but remedial action is being taken and the
pipeline is expected to operate at ful.l capacity within the next few
years.
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4. The pipeline was designed as a common carrier and routed through
gas- prone areas in the Gulf, where its availability has helped to
increase drilling activity and bring into production small offshore
fields which would not otherwise have been commercial. In addition,
private companies' interest in petroleum exploration and development has
increased throughout the country: a field recently discovered by Shell is
now producing and a discovery by Esso is being appraised.
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Box 3.3

The World Bank's Coal Program

The Bank has adopted a threefold approach to help expand coal

output in developing countries: (i) attracting increased external and
local capital flows for coal exploration, preinvestment work and
development; (ii) directly financing coal exploration, preinvestment and
development projects wherever appropriate; and (iii) helping to draw up
and reviewing coal development strategies for individual countries.

During the FY78-83 period coal/lignite subsector studies were
undertaken in 27 countries, some as part of the Energy Assessment
Missions (See Box 4.3). Based on the findings of the surveys, which will
continue during FY84-85, the Bank is working with individual countries to
establish the strategies and projects to accelerate coal production and
use whenever appropriate.

During FY78-82, six loans were made totaling US$309 million;
two for coal development projects and four for coal engineering/explora-
tion projects. Two typical projects approved are:

o A US$185 million loan for the Bukit Asam coal mining and
transport project in Indonesia, estimated to cost US$1.2
billion. The project involves the development of a coal
mine to produce 3 million i:ons a year, upgrading of 405 km
of railway, and port and shipping facilities. The project
is to be implemented by state-owned mining, shipping and
railway companies with specialized outside assistance.
The major focus of Bank involvement has been efficient
implementation and coordination of the mining, transport
and power components and the introduction of coal pricing
based on border prices to encourage more efficient
resource allocation.

o A US$17 million loan to a coal subsidiary of the
Philippine National Oil Company, to explore three
promising coal bearing regions and prepare prefeasibility
and feasibility studies. The project provides for
training in the design and implementation of coal
exploration/preinvestment programs, introduction of sound
exploration and investment selection criteria in the coal
sector, and comp,Llation of sufficient geological
preinvestment data to promote both local and foreign
investment in the Philippine coal sector.

During the next five years the Bank's coal program will focus

on the following areas: (i) development projects in the large and
medium-sized coal producing countries (China, India, Republic of Korea,
Hungary, Yugoslavia and Turkey), which will account for about 70 percent
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of developing countries' coal output growth during the coming decade;
(ii) continuing support for coal exploration and development in smaller
coal producing countries; and (iii) support for coal imports where these
are an appropriate part of the country's energy development strategy.
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Box 3.4

"Unusual" Projecl:s

While the bulk of its lending program has been used to finance
electric power, petroleum, coal and forestry projects, the World Bank
also finances less conventional projects when their technical, economic
and other characteristics make them priorities for borrowing countries.
In Morocco, a US$20 million loan is being used to study and test
alternative means of exploiting enormous oil shale resources. The
project includes construction of a test station using a locally developed
retorting process, a comparative technical evaluation of available
retorting processes using results from the test station and other data
gathered worldwide, a feasibility study of commercial oil-from-shale
operations based on several alternative processes, and a comparison of
these results with those of a parallel study on direct combustion of the
shale in a proposed thermal power plant.

In Brazil, a US$250 million loan is contributing to the national

fuel alcohol program. While most of the funds will support investments
in sugarcane-based production capacity, part: will be used to build
cassava-based plants, to demonstrate the feasibility of wood-based
ethanol and other "new" technologies, to support basic and applied
agricultural and industrial research related to biomass energy, and a
system to monitor and evaluate the agricultulral, transport, industrial,
employment and environmental effects of the fuel alcohol program.

Peat resources are the subject of a series of studies and tests

supported by an IDA credit to Burundi. After a survey of the principal
deposits and alternative extraction and processing techniques, large-
scale on-site tests will be madle and cost estimates prepared for a
commercial operation.

Several countries (Kenya, Philippines, Yugoslavia) have obtained

assistance in various phases of geothermal exploration and development.
In Kenya, a 30 MW power plant was finaLnced with the help of a US$40
million loan and an additional 15 MW may be added under a second project
now under preparation. In the Philippines, US$36 million is being lent
for the drilling of 25 exploration and appraisal wells, associated
technical assistance, and to finance geothermal policy studies.

The use of low temperature geothermal heat for such purposes as
greenhouse and residental heating is also the subject of a US$0.7 million
loan component in Yugoslavia. Another component of the latter project
provides US$0.6 million for the pilot installation of a biogas plant on a
large pig farm. The renewable energy component of a project in Portugal
provides a comprehensive package of assistance for resource and market
studies, demonstration/pilot projects and research and development
activities in the areas of solar, wind and biomass energy.
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Box 3.5

The World Bank's Fuelwood Lending Program

Since 1978, the Bank has assisted in financing 31 free standing
forestry projects, of which 16 are rural reforestation projects with
major emphasis on fuelwood production. Nine are multipurpose
reforestation projects producing industrial as well as fuelwood; three
are designed to improve infrastructure and natural forest management, and
are producing significant volumes of fuelwood as a byproduct of their
logging operations; and a further three involve the construction of
sawmills in which sawmilling waste is either being used for power
generation or sold locally as fuelwood. During the same period the Bank
also financed forestry components in 27 agricultural and rural
development projects with emphasis on the provision of fuelwood and poles
for local use.

While the Bank's fuelwood projects have varied widely in scope
and content, they typically include the following principal elements:

o Village level;studies to identify people's perceived needs
and determine ways of reinforcing village support for
fuelwood programs.

O Surveys to estimate local needs for wood, assessing the
volume of resources already available and quantifying the
additional planting needed.

o Surveys to delineate marginal lands more suitable for
forestry than for agricultural production.

o Demarcation and protection from fire and grazing of village
woodlots.

O Construction of a network of forest access tracks and
forest nurseries at the village level and production of an
assured supply of seeds or seedlings.

O Strengthening of government forestry services.
o Research into fast growing tree species, the technical

problems and potential economic benefits of agro-forestry
crop combinations, and allied forestry research problems.

O Introduction of innovative technology such as more
efficient woodburning stoves and charcoal kilns.

The West Bengal Social Forestry Project in India is a good
example of the genre, in which alternative approaches to rural forestry
are being pursued with built-in flexibility to switch from one type of
activity to another according to users' response and project progress.
Under the farm forestry component of this project, free seedlings plus a
cash incentive will be provided to encourage landless farmers to take up
tree planting. A thousand "motivators" at the village level will promote
the project and will provide feedback from users to the newly created
Social Forestry Wing of the State Government Forest Department. The
research component of the project will address alternative planting
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methods for farm forestrv, and collection and storage methods for seeds
of indigenous tree and fodder species.

A group of projects in the Sahel countries is designed to
develop suitable technical packages for improving the critical fuelwood
situation in those countries. The second forestry project in Niger
includes experiments to test whether highly productive irrigated
plantations could be established close to Niamey. Most of the city's
households depend for fuel on savannah woodland, which has now been cut
down within a 50 km radius of the city.
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Box 3.6

Co-Generation Using Bagasse

Bagasse, the fibrous cane residue from the process of sugar
juice extraction, is a traditional energy source for the world's sugar
mills, which burn it to generate process steam and power. Current annual
sugar production worldwide is estimated to produce about 12 million tons
of bagasse in excess of the sugar plants' normal requirements. This
amount of fuel could substantially increase the electricity generated for
public use. However, cane processing efficiency varies widely from mill
to mill, largely depending on the type and age of equipment used, with
the result that some mills today have substantial amounts of excess
bagasse while others require supplementary fuel for their operation.

A recent Bank study identified several ways, all using presently
available technology, to greatly increase the overall energy efficiency
of existing mills, produce surplus bagasse and generate electricity for
sale to the grid. These include installing pre-evaporators to conserve
steam, drying wet bagasse with flue gases to improve combustion
efficiency, installing high-pressure boilers to increase steam generation
efficiency and pelletizing or compressing bagasse to enable it to be
stored and, used beyond the harvest season. The study identifies the
conditions under which production of electricity by mills for the public
is especially worth pursuing. In most of the scenarios studied, the
economic returns were well over 10 percent at an electricity selling
price of US$.06/kWh.

The economics of co-generation using bagasse have changed
dramatically as the costs of conventional electricity generation have
increased. To realize the potential of bagasse, as well as other
agricultural residues such as groundnut shells, requires a coordinated
effort on the part of utilities, the agricultural processing industry and
the governments concerned. Bagasse power co-generation projects are
presently being considered in Guyana, Mauritius, and other sugar
producing developing countries,
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Box 3.7

World Bank Lending for Electric Power

The Bank has been the largest international financing institution in
the electric power sector of developing countries since the first power loan
to Chile in 1948. It has been directly associated with about one-fifth of the
total power investment in these countries; in 1960-80, and with half of their
investment in hydro development. Over the past 30 years, power projects
accounted for US$16 billion--about 18% of the Bank's total lending--for some
400 projects in 85 countries.

In FY76-82, 138 electric power projects totalling US$10.2 billion
were approved. The table below gives a breakdown of this lending by
function. These totals exclude lending for electric power components of
projects in other sectors. In 1978-80, the Bank lent US$72 million for such
components in 24 other projects in multi-purpose irrigation, rural
development, and tourism.

World Bank Electric Power Lending FY76-82
(million US dollars)
Generation Trans.

No. Geo- & Rural
FY Projects Hydro Oil/Gas Coal thermal Dist. Elect. Total

76 20 208 71 - 19 592 59 949
77 17 186 127 145 - 470 24 952
78 19 348 97 305 - 256 140 1,146
79 19 183 243 495 9 191 234 1,355
80 25 783 52 840 40 589 88 2,392
81 17 864 5 65 0 258 131 1,323
82 21 122 200 700 - 713 396 2,131

Total 138 2,694 795 2,550 68 3,069 1,072 10,248

Percent 26 8 25 1 30 10 100

Although the reference period is short, the table illustrates the
longer-term trend of Bank lending for electric power, with continued emphasis
on hydro, a movement away from oil- fired thermal generation towards coal,
some involvement in new sources (geothermal), and significant activities in
transmission and distribution, including rural electrification. The aggregate
lending for specific types of projects is derived from the sum of energy
development programs in individual countries, but the above distribution of
lending roughly parallels the distribution of electric power investments for
the developing countries.

The Bank's loans now typically amount to less than 5 percent of the
investment programs they support, compared with about 30 percent in the
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1960s. Equally if not more important than its financial contribution is the
Bank's assistance in strengthening institutions in the power sector, by
advising on priorities for system development, management structure,
electricity tariffs, financial and technical operating practices, and by
enhancing their ability to raise funds for expansion from domestic as well as
public or private external sources other than the Bank.
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Box 3.8

World Bank Financing of Refinery Investments

1. During the last three years, the Bank has undertaken refinery
sector reviews in 32 developing counLries. These have assisted
developing countries in formulating sectoral supply and demand strategies
on the basis of rational investment plarLning, supported by appropriate
sectoral institutional and policy reforms, and in assessing the technical
and economic merits of alternative conversion schemes. As a result of
this work, eight loans/credits were made~: four (Argentina, Bangladesh,
India and Portugal) for the installation of secondary conversion and
energy efficiency facilities and four (Pakistan, Peru, Zambia and
Zimbabwe) for engineering and technical studies to determine the most
economic sources of liquid fuels for the country and to help evaluate the
economic and technical viability of proposed investments. The Bank has
not participated in financing grass-root refineries.

2. The changing mix of petroleum products demanded in developing
countries cannot be produced by the simple refineries typical of those
countries, so that additional investments need to be made in facilities
to convert surplus fuel oil into middle distillates. Such secondary
conversion investments normally do not add to the overall refinery
distillation capacity, but remove a major structural problem faced by the
industry worldwide. They are generally also highly profitable. For
example, the secondary conversion projects supported by the World Bank
are expected to earn economic rates of return ranging from 30-100
percent. The refinery rationalization project in India, which will
install conversion capacity in five existing refineries at a total cost
of US$938 million, should lead to net foreign exchange savings of about
10 billion dollars (1981 prices) during its 12 years of operating life.
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Box 4.1

Efficiency in Power System Operation

In most developing countries today, the most cost-effective way of

increasing the supply of electricity is to improve the efficiency of existing
facilities. This can be done by making more generating capacity available,
improving the efficiency of thermal plants, and by reducing losses incurred in
distribution and transmission (see also Box 2.2). The World Bank routinely
investigates these options as part of its appraisal of power projects.

O The introduction of computer-designed turbine runners can
increase both the capacity of hydroelectric plants and
their generating efficiency. The Bank is preparing a
project in Uganda where a change in runners will give a
40 percent increase in output (at higher efficiency).

O If thermal plants are not operated at optimal conditions
of temperature and pressure, significant amounts of fuel
are wasted. A one percent increase in the operating
efficiency of a 300 MW coal-fired unit, for example,
could save US$1 million annually. As part of a Bank
technical assistance program, a consultant conducted
brief audits of thermal power stations in Guatemala,
Nicaragua, and Uruguay, and identified operating
improvements which typically would reduce annual cost by
US$4 million per station with minimal investment. The
findings are now being incorporated in Bank projects.

O The Bank urges its borrowers to carry out preventive
maintenance. Reductions in the availability of existing
units need to be offset by additions to capacity if a
utility is to maintain the same level of reliability.
For a large utility that is adding one 300 MW thermal
unit every year, a one percent improvement in the
availability of units would save US$6 million a year.

o Plant betterment studies promoted by the Bank have shown

that simple corrective measures such as cleaning blocked
condensers or repairing leaking valves can have payback
periods as short as a few days.

o It is important that appropriate spare parts be on
hand. As a part of project appraisal, the Bank reviews
the utility stores position and sometimes finances spare
parts as a project component (Tanzania Fourth Power,
Zaire First Power).

o Financial losses from electricity that is stolen or
improperly metered, so that consumers are not charged
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enough for it, seriously affect the profitability of many,
power utilities and should be minimized. On one Bank
project (Afghanistan), a program covering both
rehabilitation of customer melters and improved collection
procedures, virtually eliminated unpaid consumption over
a 5-year period.

o A gas turbine operation and maintenance training program
was included at the Bank's suggestion in a UNDP-funded
technical assistance project executed by the Bank in
Egypt; it has resulted in an estimated 20 percent
increase in generating plant availability.

O A vital element in achieving such improvements is

expanded and more effective training of utility staff.
Most Bank projects include a training component. For
example, a recent project in Bangladesh included a
simulator for use in training thermal plant operators.
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Box 4.2

Improving Efficiency in Oil & Gas Production

1. The efficiency of oil and gas production can be raised in two
main ways: inducing the more rapid development of reserves, and
increasing the rate of recovery from reserves. Both of these effects may
be sought through three types of actions: improving the environment for
petroleum operations so that they become more profitable; improving the
management of these operations; and introducing technologies which
increase the proportion of reserves that can be recovered.

2. All three types of action generally require greater access to
international expertise, finance, and technology, and all three feature
prominently in the World Bank's support for petroleum development. In
its sector work and policy discussions with governments, the Bank
discusses and advises on national systems of petroleum pricing, taxation
of petroleum operations, government procurement systems, and salary
structures that affect the efficiency of publicly-owned oil companies.
In Ecuador, for example, an independent audit of petroleum reserves,
carried out at the Bank's urging, has strengthened the government's
reserve to offer better legal and contractual arrangements to private oil
companies. The preliminary results of the study also motivated the
government to agree with Texaco on the rapid implementation of a water
injection scheme which will allow the country to continue as a net
exporter of oil in the medium term. Other companies are now beginning to
explore and produce in the country.

3. The Bank also advises national oil companies on managerial
structure and practices, assists with planning and with oil companies'
pricing policies, and helps to select expert consultants where needed.
In Peru, for example, Petroperu, the national oil company, is being
reorganized on the basis of recommendations by consultants and the
Bank. To streamline production operations, improvements are being made
in its accounting, financial administration and management information
practices and procedures, while studies are in progress on pricing of
petroleum products and investment priorities. The Bank also recommended
that the company install a corrosion control and monitoring system (for
wells, pipelines, storage tanks), including the establishment of, and
training of staff for, a special unit within the company. By attacking
corrosion problems early on, Petroperu will be able to avoid costly
shutdowns like that which occurred in 1981 on the Trans-Andean pipeline.

4. Introduction of new but proven technologies in exploration
drilling and oil field development is common in Bank petroleum projects
(see Box 6.2 on Technology Transfer in Bank Petroleum Lending). One loan
is financing enhanced oil recovery through selective injection of carbon
dioxide in Turkey's largest known oil field, Bati Raman. This new
technology, used previously only in Romania, the US, USSR and Venezuela,
has permitted oil production in this field to increase three-fold. A
similar approach may be used in Bank projects in China and India. In a
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gas field in Turkey, production has been increased almost ten-fold by the
use of well stimulation techniques, particularly hydraulic fracturing.
Further development of this field has now become highly economic, and
such techniques have been accepted by Turkish authorities as the standard
way to increase the production potential cf gas discoveries in the Thrace
basin. In Ivory Coast, Petroci and its foreign partners followed the
Bank's recommendation to carry out a three - dimensional seismic
survey. This will save the drilling of dry holes in a field with very
complex geology, but it will also allow the definition of new reserves
and, possibly, a subsequent increase in production.
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Box 4.3

Energy Assessment Program

The World Bank and the United Nations Development Programme in
November 1980 jointly launched a 60-country Energy Sector Assessment
Program designed to provide a rapid diagnosis of the major energy
problems faced by the developing countries and to evaluate the options
for solving these problems. These assessments analyze the policies that
would encourage greater production from indigenous energy sources and
greater efficiency in the use of energy; they judge the investment
priorities in the energy sector; and they provide a framework for
multilateral and bilateral technical assistance in the sector.

Assessments Completed since Assessments in Progress
November 1980

Bangladesh Benin Peru
Burundi Bolivia Portugal
Haiti Colombia Senegal
Indonesia Costa Rica Solomons
Kenya Ethiopia Sudan
Malawi Fiji Togo
Mauritius Morocco Uganda
Papua New Guinea Nepal Yemen A.R.
Rwanda Niger
Sri Lanka Nigeria
Turkey
Zambia
Zimbabwe

The costs of these assessments have ranged from US$50,000 to
US$250,000 per country and the reports are being submitted to governments
about eight months after the field missions. Each mission, which
normally includes four to eight participants and stays in the country for
up to one month, responds to a specific request from the government for
advice on the energy sector and follows agreement with the government on
the priority issues to be tackled. Bank and UNDP - financed staff
assigned to the Program are supplemented with staff from other parts of
the Bank and with specialist consultants.

The response to the Assessment Program has been strong and
requests have been received from more governments than the 60 originally
envisaged. The recommendations made in the assessments cover a wide
range of actions in the areas of pricing (Bangladesh and Indonesia),
energy efficiency (Malawi, Sri Lanka, Turkey), interfuel substitution
(Indonesia, Mauritius, Zambia), institutional reform (Sri Lanka, Turkey)
and, most importantly, priorities for investment and preinvestment
work. Governments are making extensive use of the advice and many have
requested further assistance, either for the more detailed analysis of
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specific policy or preinvestment options or, more generally to improve
the management and institutional framework for the sector. For this
reason the UNDP and the Bank have recently launched an Energy Sector
Management Program encompassing these activities. See Box 4.4.
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Box 4.4

Energy Sector Management Program

The UNDP and the Bank have recently launched an Energy Sector
Management Program designed to provide a rapid and flexible response to
governments who request assistance in implementing the policy, planning
and institutional recommendations of the Energy Assessment Reports (see
Box 4.3) or in carrying out prefeasibility studies for energy investments
identified in these reports.

The Energy Sector Management Program, which will provide up to
US$1 million for countries which have had assessments, can finance:

o assistance to improve a government's ability to manage its
energy sector, for example by defining staffing and work
programs, evaluating management information needs,
identifying sources of public and private finance,
developing a medium-term investment plan;

o prefeasibility work on priority investment plans,
especially those which will improve the efficiency of
energy use and those which will provide enough affordable
energy to rural areas;

o providing specific short-term assistance in institutional
and manpower development.

The program aims to supplement, advance and strengthen the
impacL of bilateral or multilateral resources already available for
technical assistance in the energy sector. Though it is already
underway, further resources are being sought from major donor agencies in
order to realize its full potential to respond to the urgent requests of
developing countries.
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Box 5.1

Official Lending For Energy Investment

The World Bank is the largest and most diverse multilateral
lender for energy; its commitments nearly quadrupled during 1975-81, and
totaled US$10 billion in that period., Commitments from the other main
multilateral institutions also increased more than threefold, totalling
US$6.7 billion in the same period. O]?EC multilateral agencies also
increased their energy project lendiing, with total commitments of US$1
billion over the period. 1/ The share of energy in the total operations
of the multilateral agencies in 1975--81 raLnged from 46 percent for the
OPEC Fund, 27 percent for the IDB and 25 percent for the World Bank, to 9
percent for the African Development Bank.

Multilateral Commitments For Energy, 1975-81
(million US dollars)

1975 1976 1977 1978 1979 1980 1981 TOTAL

Asian Development Bank 153 147 217 249 325 385 480 1950
African Development Bank 19 13 27 28 64 52 32 235
Inter American Development
Bank (IDB) 270 288 407 923 397 416 935 3636

European Investment Bank 26 90 41 48 188 348 140 881
Subtotal 468 538 692 1248 974 1201 1687 6702

World Bank 584 1009 1102 1156 1467 2849 2233 10400

TOTAL 1052 1547 1749 2404 2441 4048 3820 17102

Source: Annual Reports.

Commitments of concessional bilateral assistance for energy rose
from US$ 0.5 billion in 1975 to some US$ 2 billion in 1980. Though
bilateral assistance for energy has r-isen more slowly than other public
external capital flows to the sector, energy has been the fastest growing
area in many bilateral aid programs. For DAC members (including the
EEC), the share of energy in total aid programs increased from 3.5
percent in 1975 to 8.5 percent in 1980 (see table below). Over the 1975-

Based on aggregate OPEC profile figures as published by the OPEC
Fund.
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80 period, Germany, Japan, OPEC, and the US accounted jointly for over 75
percent of total concessional bilateral financing for energy investment
in developing countries.

Commitments Of Bilateral Concessional Assistance For Energy, 1975-80

Million Share of Share of Energy
Donor US All Energy in Donor's Total

Dollars ODA (Z) Assistance (%)

Canada 366 5 38
France 249 3
Germany 879 12 11
Japan 2125 28
United Kingdom 41 1 21
United States 1057 14 3
OPEC Bilateral 1622 22 20
Other 1162 15

TOTAL 7501 100 8.5

Not available

Source: World Bank Debt Reporting System. Figures may differ from those
of other sources, as a result of differences in project and financing
classification.
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Box 6.1

Transfer of Technology in World Bank Petroleum Lending

The transfer of technology in the Bank's petroleum lending
starts with an objective assessment of the borrower's practices and
capabilities and of the technical possibilities to improve them. This
evaluation is usually carried out by Bank staff with considerable
industry experience assisted by consultants.

An important element of the transfer of technology in the
petroleum industry, as in other project-oriented industries, is the
sLrengthening of the managerial and engineering capacity for formulating
and implementing projects, and for negotiating with potential suppliers
of the capital goods, technology and managerial resources needed for
these projects. In its petroleum operations the World Bank attempts to
ensure that the technologies used are the most appropriate to the
circumstances, both technically and economically. Borrowers are urged to
accept external assistance if this is needed to avert costly problems in
project design and implementation.

Technology is transferred primarily through contacts between
nationals and Bank staff and consultants in the course of training and
on-the-job experience, and through the introduction of new technologies
and associated equipment. The ap, roach used by the Bank in project
identification, conceptualization, and implementation, whereby experts in
different fields typically work together, is novel in many developing
countries. Moreover, the Bank's technical staff and consultants often
lend considerable assistance in devising exploration strategies jointly
with the borrower and in advising on the details of project design and
engineering.

Training is one of the most frequent means of transferring
technology. The China Daqing petroleum project is establishing two
training centers, one to train yearly 2,000 skilled workers, and the
other 500 professionals. Instructors, visual aids, electronic
simulators, and technical materials are being drawn from industrial
countries. In other projects, the training may include short
courses/programs given abroad by the industry, consultant firms, and
universities. There is also considerable scope in most projects for the
less formal on-the--job training noted above from Bank staff and
consultants hired by the Bank/borrower as well as from the suppliers of
equipment and services during projecL preparation and execution.

The Bank reviews the equipment specifications prepared by the
staff of the borrower or consultants in collaboration with the borrower,
and normally requires that the import of equipment be coupled with
appropriate maintenance and service contracts. Many of the techniques
being used in the petroleum sector in developed as well as developing
countries are extremely new, and some are used only by the individual
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international companies who developed and patented them. The Bank seeks

to develop borrowers' abilities both to select technologies most suitable
to their circumstances, recognizing the scope and limitations of the
technologies, and to monitor their use, knowing the results that should
be expected. Technologies which have been introduced through Bank-
assisted projects include, for example, three-dimensional seismic
surveys, drilling through high temperature and high pressure reservoirs,
secondary and tertiary oil recovery, petroleum reservoir modeling,
petroleum data banks, and financial reporting and management information
systems.
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Box 6.2

World Bank Assistance in the Petroleum Sector in Egypt

The energy projects in which the Bank participates provide a
vehicle for a broader dialogue on policies, investment priorities and the
analysis of sectoral issues. The Bank's participation in Egypt's
petroleum sector is a good example of how this approach works in
practice. In 1978 the Bank was invited to participate in financing
facilities to gather, process and transport gas, which would otherwise be
flared, from the Gulf of Suez. This was a straightforward project with a
high rate of return. However, it also provided an opportunity to review
broader aspects of Egypt's hydrocarbon and energy sector development.
This review showed that the government's f'orecasts of oil production were
unattainable in the anticipated time frame. Further, stimulated by
domestic prices that were a fraction of international prices, domestic
oil consumption was a growing at a rapid rate, while some of the largest
consumers of energy in Egypt were foand to be the most wasteful.
Clearly, an unchecked continuation of these trends would seriously erode
Egypt's oil exports and affect its overall development prospects. A key
element in preventing this appeared to be the rapid development of
Egypt's gas potential: the country's annual gas consumption was less
than 1 percent of its recoverable reserves, estimated at about 300
million tons of oil equivalent.

To better evaluate this option, the Bank has supported:

° An exploration study, based on existing data, for the Western
Desert and the offshore strujctures around Alexandria. A
subsequent Bank loan to support exploration in some of the
structures that were identified by the study resulted in three
separate discoveries. The study and consequent discoveries have
stimulated the interest of the international oil industry in the
Western Desert; Egypt has entered into a large number of
production sharing agreements and exploration has increased
significantly.

o Two ongoing projects to develop, process and transport offshore
gas. On implementation, these projects would supply about half
the gas produced in Egypt. The Bank has also helped finance a
gas distribution project in Cairo, to help substitute for higher
value oil products like LPG and gas oil.

o An ongoing study to evaluate a pipeline network to transfer gas
from surplus to deficit areas, which will also reduce the
vulnerability of gas-based industries to production difficulties
in individual gas fields.

o The design of a gas system f'or Upper Egypt based on natural gas
from the Gulf of Suez and the newly discovered Red Sea fields.
Gas from these sources would replace oil and, by replacing
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electric power, would raise the efficiency of energy use in a
fertilizer plant by 300 percent.

o A study of energy pricing in Egypt. While action in this area
is still pending, the country now has an analytical framework in
which to make rational pricing decisions, taking account of the
impact on different consuming groups and on the efficiency of
alternative industrial and energy investments.

o An evaluation of the accounting and reporting system of the
Egyptian General Petroleum Corporation (EGPC), to assist the
company to upgrade its management and financial control. As a
result, a comprehensive system for capital project accounting
and control, planning and forecasting and management information
has been designed. EGPC staff are currently being trained to
implement this system.

Energy policies in Egypt are still not adequately responsive to
the country's needs. However, using the results of the studies
undertaken with the help of the Bank, the government can begin to define
and implement a long-term gas development strategy, with which natural
gas could become a major source of domestic energy for Egypt during the
1980s.


