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ABSTRACT

Given the importance of energy in modern economies, the first part
of this volume is devoted to examining some of the key conceptual and
analytical tools available for energy policy analysis and planning. Policy tools
and institutional frameworks that will facilitate better energy management are
also discussed. These will ensure that major energy policy initiatives, programs
and projects are effectively implemented. More specifically, energy planning is
broadly interpreted here to denote a series of steps or procedures by which the
myriad of interactions involved in the production and use of energy may be
studied and understood within an explicit analytical framework. Energy policy
analysis is explained, while effective energy management techniques are
discussed to achieve desirable national objectives, using a selected set of
policies and policy instruments. While the conceptual framework for policy
analysis and planning is integrated (to facilitate the formulation of broad
energy strategies), the implementation process must involve maximum use of
decentralized policy instruments and market forces to improve effectiveness.
This would include an increased role for the private sector where appropriate.

In the second part of this volume, the actual application of the
principles set out earlier is explained through a case study of Sri Lanka.
The success of the approach is demonstrated by the significant progress
already made over the past few years toward implementation of a National
Energy Strategy (NES) in Sri Lanka. Specifically, in late 1982, the Government
of Sri Lanka sought to strengthen energy policy formulation and coordination.
Several important programs with obvious short-term benefits were quickly
identified and launched in late 1982 and early 1983.

These programs, while clearly yielding early results, were essentially
of a one-time nature. They reduco'd energy consumption over the short to
medium run, but even if completely adopted throughout the economy, could
not arrest the longer term trends. The case study shows that over the medium
to long term, therefore, some of the more fundamental issues must be
addressed. In resource-poor Sri Lanka, not only are the energy options more
limited, but also the impact of not adopting a comprehensive long-term
strategy would be much more severe. Thus, this monograph integrates the
many aspects of the short-term programs already begun with the options for
the medium to long term, and ends with the outline of a long-term strategy
for Sri Lanka.
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PREFACE

The contents of this volume constitute primarily a record of the work and
experiences of the author while serving the Government of Sri Lanka, on a
leave-of-absence from the World Bank. Nevertheless, the analytical methodology,
institutional framework, and Sri Lanka case study provide helpful insights into
the process of formulating and implementing a practical energy strategy in the
presence of real world problems and constraints to be found in a typical
developing country. The results of the case study (conducted in Sri Lanka
during the period 1982-1985) became the foundation for the National Energy
Strategy (NES) of the Sri Lanka Ministry of Power and Energy which was
completed in late 1985.

Although this volume also includes some information acquired after the
publication of the NES in 1985, the presentation of the original analytical
work has been left essentially untouched so that the reader may follow the
process by which policy decisions were made, based on the technical studies
available at the time. For example, the world oil price scenarios that are
presented in Chapter 3 were developed in early 1985, well before the price
decline of early 1986. Thus the approach taken in this volume is not to revise
these scenarios with the benefit of hindsight, but rather to assess the degree to
which the decisions taken on the basis of the best forecasts available in 1985
have proven to be sufficiently robust.

The work described here could not have been carried out without the
invaluable assistance of the Energy Coordinating Team Task Forces and Staff,
as well as other associated government officials. Peter Meier, as consultant to
the Office of the Presidential Senior Energy Advisor (through a technical
assistancy financed by the Asian Development Bank), coordinated and led the
Sri Lankan group responsible for developing and implementing the computer
models. Dr. Meier is presently Chairman of the Energy Program at the State
University of New York, Stonybrook, NY. Mark Bernstein, Chitrupa Fernando,
Mostefa Ouki, Tom Wilbanks, and several anonymous referees gave helpful
comments. The encouragement and support provided by His Excellency J.R.
Jayewardene, President of Sri Lanka; Honourable P. Dayaratne, the present
Minister of Power and Energy; and Professor K.K.Y.W. Perera, Secretary of
the Ministry of Power and Energy, are also gratefully acknowledged. Haijiang
Wang and Alex McPhail helped to prepare the manuscript, while William
DeCarlo assisted with the word processing.

Mohan Munasinghe
January 1988
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CHAPTER 1

A FRAMEWORK FOR INTEGRATED NATIONAL ENERGY PLANNING

AND POLICY ANALYSIS

1.1 INTRODUCTION AND OUTLINE

The pervasive and critically important role of energy in national economies
indicates that the identification of energy issues and energy policy development
are important areas of study by governments, researchers, and the development
community. While the softening of world oil prices in 1986 provided relief to
oil importing nations, the availability of adequate energy resources at a
reasonable cost is still a vital precondition for continued economic progress.
At the same time, most of the key energy issues identified during the past
decade have not disappeared. Thus, developing country energy investments
still average about 25 percent of total public investments, oil importers are
spending an average of 15-20 percent of export earnings on petroleum imports,
and fuelwood shortages and deforestation problems continue unabated
(especially in Africa and Asia).

Table 1.1 shows recent energy investment requirements, with the electric
power sector accounting for about three fourths of these amounts. If oil prices
remain relatively low and the world economy expands, there is likely to be
increasing economic growth in and demand for exports from, the developing
counltries. This will, in turn, entail greater industrial activity and demand for
einergy in developing countries, with a consequent need for further investments
in supply.

Table 1.1 Annual Energy Investment as a Percentage of Total
Annual Public Investment (Early 1980's)

Over 40% 30-40% 20-30% Below 20%

Argentina Ecuador Botswana Egypt

Brazil India China Ethiopia

Colombia Pakistan Costa Rica Ghana

Korea Philippines Liberia Nigeria

Mexico Turkey Nepal Sudan
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Given the importance of energy in modern economies, the first part of this
volume is devoted to examining some of the key conceptual and analytical
tools available for energy policy analysis and planning. Policy tools and
institutional frameworks that will facilitate better energy management are also
discussed. These will ensure that major energy policy initiatives, programmes
and projects are effectively implemented.

More specifically, energy planning is broadly interpreted here to denote a
series of steps or procedures by which the myriad of interactions involved in
the production and use of energy may be studied and understood within an
explicit analytical framework. Planning techniques ranging from basic manual
methods to sophisticated computer modeling are reviewed in this volume. The
complexity of energy problems has forced increasing reliance on the latter
approach. Energy policy analysis involving the systematic investigation of the
impact of specific energy strategy or policy packages on the economy and
society, at all levels, is explained. Effective energy management techniques
(which includes both supply and demand management) are discussed using a
selected set of policies and policy instruments, to achieve desirable energy and
economic objectives. While the conceptual framework for policy analysis and
planning is integrated (to facilitate the formulation of broad energy strategies)
the implementation process must involve maximum use of decentralized policy
instruments and market forces to improve effectiveness. This would include an
increased role for the private sector where appropriate.

In the second part of this volume, the actual application of the principles
set out earlier is explained through a case study of Sri Lanka. The success
of the approach is demonstrated by the significant progress already made over
the past few years towards implementation of a National Energy Strategy
(NES) in Sri Lanka. Specifically, in late 1982, the President of Sri Lanka
created within the Ministry of Power and Energy, an Energy Coordinating
Team (ECT) consisting of three Task Forces to strengthen energy policy
formulation and coordination. Several important programmes with obvious
short term benefits were quickly identified by the ECT, and launched in late
1982 and early 1983.

These included: (1) the National Energy Demand Management and
Conservation Programme (NEDMCP), aimed at promoting greater efficiency in
the production and use of the major commercial fuels (oil, electricity and
gas) in all sectors of the economy; and (2) the National Fuelwood
Conservation Programme (NFCP), to manage the use of biomass more
efficiently, including the introduction of more efficient domestic cookstoves.
Among other recent initiatives, the power utility company (CEB) has embarked
on a loss reduction programme, and the national oil company (CPC) has
started work on a facility that will decrease the cost of oil imports by
reducing transportation expenses.
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It is shown that these programmes, while clearly yielding short-term
benefits, are essentially of a one-time nature. They will reduce energy
consumption over the short to medium run, but even if completely adopted
throughout the economy, cannot arrest the longer term trends--as development
proceeds, and both the economy and population expand. This is well
illustrated by the impact of the improved cookstove programme on fuelwood
consumption. As shown later (Figure 8.2), even if all households adopt the
more efficient stoves by 1989, total consumption will increase after 1990, and
consumption will again be at or above present levels by the turn of the
century. In brief, the NEDMCP and NFCP are essential to immiediately
reduce energy costs, but they must be followed up with supporting initiatives,
within the framework of a systematic and consistent long run national energy
strategy (NES).

The case study shows that over the medium to long-term, therefore, some
of the more fundamental issues must be addressed. In contrast to many other
countries in South Asia that nature has endowed with significant fossil
resources (natural gas in Pakistan and Bangladesh; coal, oil and gas in India),
the prospects for discovering similar resources in Sri Lanka remain poor. In
such a situation, not only are the energy options more limited, but also the
impact of a failure to adopt a comprehensive long-term strategy would be
much more severe. Otherwise, the ever increasing oil import needs will result
in severe foreign exchange difficulties, which in turn would dampen economic
growth. Moreover, continuing deforestation will also have severe adverse
consequences.

In recognition of these longer-term problems, the Energy Planning and
Policy Analysis Task Force (EPPAN) of the ECT was charged with the
identification of the major objectives and issues of national energy policy and
the definition of a national energy strategy. This monograph integrates the
many aspects of the short-term programmes already begun with the options for
the medium- to long-term, and ends with the outline of a long-term strategy
for Sri Lanka.
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1.2 OVERVIEW OF INTEGRATED NATIONAL ENERGY PLANNING

Because of the many interactions and non-market forces that shape and
affect the energy sectors of every economy, decision makers in an increasing
number of countries have realized that energy sector investment planning,
pricing and management should be carried out on an integrated basis, e.g.
within a integrated national energy planning (INEP) framework which helps
analyze a whole range of energy policy options over a long period of time
(Munasinghe, 1980). We emphasize again that INEP provides primarily a
conceptual framework for policy analysis and energy strategy formulation, while
policy imiplementation should rely mainly on market incentives and
decentralized competitive forces.

The development of the concepts and methodology of INEP and its
subsequent application can be traced to the energy crisis of the 1970's. Before
this period, energy was relatively cheap, and any imbalance between supply
and demand was invariably dealt with by augmenting supply. The emphasis
was more on the engineering and technological aspects. Furthermore, planning
was confined to the various energy subsectors such as electricity, oil, coal, etc.,
with little coordination among them.

From the mid-1970's onwards, the rapidly increasing cost of all forms of
energy, led by the world oil price, stimulated the development of new
analytical tools and policies (Munasinghe, 1980). First, the need became
apparent for greater coordination between energy supply and demand options,
and for the more effective use of demand management and conservation.
Second, energy-macroeconomic links began to be explored more systematically.
Third, the more disaggregate analysis of both supply and demand within the
energy sector offered greater opportutnities for inter-fuel substitution (especially
away from oil). Fourth, the analytical and modelling tools for energy
subsector planning became more sophisticated. Fifth, in the developing
countries, greater reliance was placed on economic principles, including the
techniques of shadow pricing.

INEP makes use of all these separate threads. Some early attempts at
comprehensive energy planning were made, particularly in the second half of
the 1970's. However, it was soon recognized that the constraints imposed by
limiited data, skilled manpower and time posed formidable pronblems, especially
in third world countries. Many of the early planning models were designed to
be all-encompassinig, and therefore proved to be too large and unwieldy. On
the other hand, more specific models tended to overlook important energy
sector or macroeconomic linkages. Finally, most models were not policy-
oriented, and were often treated as mere academic exercises. This initial
learning process led to a more hierarchical analytical framework that recognizes
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at least three distinct levels of analysis, viz: energy-macroeconomic, energy
sector, and energy subsector, as well as the interactions among them. This
approach also gives a better policy focus. More recently, the availability of
microcomputers has provided third world analysts with a relatively cheap,
powerful and flexible tool to develop and apply some of these ideas (Meier,
1985 and Munasinghe, 1986). We will set out the conceptual approach to
INEP below, and then discuss in Chapter 2 the appropriateness of presently
available microcomputer-based models to implement part or all of such a
framework.

Coordinated energy planning and pricing require detailed analyses of the
interrelationships between the various economic sectors, and their potential \
energy requirements, versus the capabilities and advantages/disadvantages of
the various forms of energy such as electric power, petroleum, natural gas, coal
and traditional fuels (e.g., firewood, crop residues and dung) to satisfy these
requirements. Non-conventional sources, whenever they turn out to be viable
alternatives, must also be fitted into this framework. The discussion applies
both to the industrial world and developing countries. In the former, the
complex and intricate relationships between the various economic sectors, and
the prevalence of private market decisions on both the energy demand and
supply sides, make analysis and forecasting of policy consequences a difficult
task. In the latter, substantial market distortion, shortages of foreign exchange
as well as human and financial resources for development, larger numbers of
poor households whose basic needs somehow have to be met, greater reliance
on traditional fuels, and relative paucity of energy as well as other data, add
to the already complicated problems faced by energy planners everywhere.

An important objective of developing countries must be to upgrade the
quality of energy planning, policy analysis and management. In particular,
such efforts must also focus on methods of enhancing the effectiveness of
energy policy implementation. In order to better understand the role of
planning, we begin by identifying below some of the broad goals of energy
policy from the national perspective.

The broad rationale underlying planning at the national level and V
policymaking of all kinds in the developing countries, is the need to ensure the
best use of scarce resources in order to further overall socio-economic
development and improve the welfare and quality of life of citizens. Energy
planning in particular is therefore an essential part of national economic
planning, and should be carried out and implemented in close coordination
with the latter. However, the word "planning", whether applied to the
national economy or tile energy sector in particular, need not imply some rigid
framework along the lines of centralized and fully planned economies.
Planning, whether by design or deliberate default, takes place in every
economy, even where so-called free market forces reign supreme. In energy
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planning and policy analysis, the principal emphasis is on the detailed and
disaggregated analysis of the energy sector, its interactions with the rest of the
economy, and the main interactions within the various energy subsectors
themselves.

Energy policy analysis and planning must be developed to meet the many
interrelated and often conflicting overall national objectives as effectively as
possible. Specific goals usually include: (a) determining the detailed energy
needs of the economy and meeting them, to achieve growth and development
targets; (b) choosing the mix of energy sources to meet future energy
requirements at lowest costs; (c) minimizing unemployment; (d) conserving
energy resources and eliminating wasteful consumption; (e) diversifying supply
and reducing dependence on foreign sources; (f) meeting national security and
defense requirements; (g) supplying the basic energy needs of the poor; (h)
saving scarce foreign exchange; (i) identifying specific energy demand/supply
measures to contribute to possible priority development of special regions or
sectors of the economy; (j) raising sufficient revenues from energy sales to
finance energy sector development; (k) price stability; (l) preserving the
environment; and so on.

Scope of INEP

The scope of INEP, policy analysis, and supply-demand management may
be clarified by examining the hierarchical framework depicted in Figure 1.1
(Munasinghe, 1980). At the highest and most aggregate level, it must be
clearly recognized that the energy sector is a part of the whole economy.
Therefore, energy planning requires analysis of the links between the energy
sector and the rest of the economy. Such links include the input
requirements of the energy sector such as capital, labour, raw material and
environmental resources (such as clean air, water or space), as well as, in
relation to national objectives, energy outputs such as electricity, petroleum
products, wood fuel and so on, and the impact on the economy of policies
concerning availability, prices, taxes, etc.

While some of these relationships are at the macro-level--such as foreign
exchange requirements for energy imports, or investment capital requirements
for the energy sector--others are more directly linked with or limited to specific

y user sectors. For example, policies affecting the transport sector such as
subsidies to public transport, construction or non-construction of super-highways
or airports, the level of license fees for vehicles or relative excise taxes on
diesel versus gasoline vehicles, tax credits for energy conservation, pollution
control legislation or specific end-use planning policies may have as profound



MACROECONOMY

MACRO LEVEL
Transport Industry Energy Sector Agriculture Other MACRO LeVeL

Interaction Between Energy
Sector & the Rest of the Economy

Resource Availability

Resource Requiremnents (Inputs K.LM)
Enmergy Outputs J Energy Demand
Energy Sector Constraints (Disaggregate)

National Objectives
J ) / ENERGY SECTOP \s{ \ & Constraints

INTERMEDIATE LEVEL
Gas Oil Electricity Wood Coal Other a

Energy Subsector Interactions

ELECTRICIlY SUBSECTOR

MICRO LEVEL
Supply Demand a

Subsector Planning &
Management

- Investment Planning - Pricing Policy (LR)
- Operations - Physical Controls (SR)
- Loss Optimisation - Technological Methods
- Reliability Optimisation - Education & Propaganda

Figure 1.1. Integrated National Energy Planning Framework



- 8 -

an impact on energy demands as more broad-based energy pricing, allocation
or supply management policies.

The second level of INEP treats the energy sector as a separate entity
composed of sub-sectors such as electricity, petroleum and so on. This
permits detailed analysis of each sector with special emphasis on interaction
among the different energy sub-sectors substitution possibilities, and the
resolution of any resulting policy conflicts such as competition between natural
gas, bunker oil or coal for electricity production, diesel or gasoline for
transport, kerosene and electricity for lighting, or woodfuel and kerosene for
cooking.

The third and most disaggregate level pertains to planning within each of
the energy sub-sectors. Thus, for example, the electricity subsector must
determine its own demand forecast and long-term investment program; the
petroleum sub-sector, its supply sources, refinery outputs, distribution networks
and likely demands for oil products; the woodfuel sub-sector its consumption
projections and detailed plans for rotation or reforestation, harvesting of
timber, and so on.

In practice, the three levels of INEP merge and overlap considerably. For
example, a class of demand management issues that affects both macro and
micro aspects of energy planning are those related to energy substitution or
conservation. These issues may need to be analyzed at all three levels of the
INEP hierarchy. Within certain limits many energy resources are substitutes
for each other although convenience in use and overall systems cost may vary
widely. Hence appropriate supply and pricing policies may bring about
significant shifts in energy demand for specific energy resources, at least in the
long run.

Similarly, individual actions or deliberate policies aimed at bringing about
energy conservation--e.g. reductions in energy usage relative to prevailing levels-
-may significantly affect energy consumption. Such conservation may simply be
achieved at the expense of some loss in personal comfort or convenience (like
reducing thermostat settings, driving within mandated speed limits or switching
off lights in unoccupied rooms). Other means may include substitution of
energy by capital or labor, replacement of pilot lights by electronic switches,
reduction in the curb weight of automobiles, recirculation of process heat in
industrial plants through better engineering or lighter materials, and installation
of insulating materials in buildings.
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1.3 TOOLS FOR POLICY IMPLEMENTATION

INEP should result in the development of a flexible and contemporary
energy strategy which can meet the national goals discussed earlier. Such a
national energy strategy may be implemented through a set of energy supply
and demand management policies and programmes.

To achieve the desired national goals, the policy instruments available to
third world governments for optimal energy management include: (a) physical X
controls; (b) technical methods; (c) direct investments or investment-influencing
policies; (d) education and promotion; and (e) pricing, taxes, subsidies and
other financial incentives. Since these tools are interrelated, their use should
be closely coordinated for maximum effect.

Physical controls are most useful in the short-run when there are
unforeseen shortages of energy. All methods of limiting consumption by
physical means such as load shedding or rotating power cuts in the electricity
sub-sector, reducing or rationing the supply of gasoline or banning the use of
motor cars during specified periods, are included in this category. However,
physical controls can also be used as long-run policy tools.

Technical means used to manage the supply of energy include the
determination of the most efficient means of producing a given form of energy,
choice of the least-cost mIix of fuels, research and development of substitute
fuels such as oil from shale, coal or natural gas, the substitution of alcohol for
gasoline, and so on. Technology may also be used to influence energy
demand, such as introducing more fuel-efficient automobiles or better wood-
stoves, and by research into and promotion of solar heating devices.

Investment policies have a ir.ajor effect on both energy supply and
consumption patterns in the long run. The extension of natural gas
distribution networks, the building of new power plants based on more readily
available fuels such as coal, or the development of public urban transport
networks are just some of these policies. It should be noted that while many
of these may well be undertaken by sectors other than energy--examples are
investments in transportation facilities or the systematic installation and/or
electrification of deep-well irrigation pumps--close cooperation between the
energy administration and planning authorities of these other sectors are
obviously called for.
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The policy tool of education and promotion can help to improve the
energy supply situation by making citizens aware of cost-effective ways to
reduce energy consumption, of the energy use implications of specific appliances
or vehicles, and of the potential for substitution of energy by capital (e.g.
proper insulation).

Taxation and subsidies are useful policy instruments that can also
profoundly affect energy consumption patterns in the long run. For example,
countries which have imposed high taxes on gasoline have generally had
significant results in terms of reduced automobile use, more efficient vehicle
fleets, and so on. Subsidies have similarly encouraged energy saving capital
investments.

Pricing is politically sensitive, but, as discussed later, it is a most effective
means of demand management, especially in the medium- and long-run.
However, pricing has limitations and must be skillfully combined with other
non-price policy instruments for best results. For example, in the traditional
fuels sector (e.g., fuelwood), where there is no well developed market, pricing
policy may not be effective. Reduction of fuelwood use may require other
non-price measures such as disseminating a more effective domestic cooking
stove. In the case of very high income consumers, who are willing to pay an
extremely high price for their comfort (e.g., air conditioning), high prices might
not reduce demand significantly, but could be used instead as a revenue
generating mechanism. At the other end of the scale, raising prices to low
income energy consumers may simply cause them to spend a greater share of
their income for energy purchases without affecting energy use, because these
consumers are already at the basic needs level and could not do without a
minimum amount of energy (e.g., kerosene for lighting in rural homes). In
such cases, energy pricing policy would cause hardship by limiting the income
available to poor households to purchase essential non-energy items.

In summary, controlling the use of energy through coor(linated use of the
various policy tools is the principal goal of energy supply and demand
management. Practical aspects of such policy coordination are discussed later.

1.4 CONSTRAINTS ON POLICY

In a recent review of the national energy planning experience in developing
countries, Wilbanks (1987) echoes the consensus that formal national energy
planning has seldom made much of a difference in important energy decisions,
despite wide recognition of its importance. This clearly reflects the formidable
constraints that come into play in implementing such a process.
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The chief constraints that limit effective policy formulation and
implementation are: (a) a poor institutional framework; (b) insufficient
manpower and other resources; (c) weak analytical tools; and (d) inadequate
policy instruments.

(a) Institutional Framework

A properly functioning institutional framework is a vital pre-condition for
the success of any planning process. Indeed, as pointed out by Wilbanks, the
greatest challenge to implementing integrated national energy plans comes from
the institutional, rather than the methodological, side.

An adequate institutional framework for energy policy formulation and
implementation should have at least three well defined and balanced elements:
policymaking, implementation, and research and development. Most often, to X,
the detriment of all, all three aspects are mixed together. For example, senior
energy decisionmakers, who should be devoting a significant part of their time
to major policy issues, are invariably embroiled in day-to-day crisis
management. The academic and research community frequently focus their
interest on energy problems that are either insignificant or irrelevant from the
national policy viewpoint. Finally, even when separate organizations exist for
policy, operations, and R&D, their efforts are often uncoordinated. Studies of
institutional frameworks that have been successful should be of considerable
value to many developing countries seeking to restructure their energy
organizations. Usually, the existing line agencies, such as electric utilities and
oil companies, are able to attend to daily operational needs, while institutions
such as universities and research centres are geared to perform R&D functions.
The weakest area is that of policy analysis and formulation; unfortunately, it
lies at the heart of INEP and hence, needs considerable strengthening.

(b) Manpower and Other Resources

The lack of skilled manpower for policy analysis and development, as well
as energy management and project implementation, are severe handicaps. p
Education and training programmes have a vital role. Furthermore, specialists
with broad skills in energy planning and policymaking are likely to be more
scarce, and therefore more valuable, than those having expertise in narrower
areas such as electricity generation or refinery operations. One approach to
maximize the use of scarce skills may be to build up multidisciplinary teams
(consisting of technologists, economists, financial analysts and social scientists,
among others). Adequate remuneration, autonomy, recognition and provision of
facilities for research, are other means by which specialists may be retained
within a country.
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(c) Analytical Tools

A broad range of models recently used for energy planning are reviewed in
Chapter 2. As mentioned earlier however, work done during the last decade
has led to the conclusion that a hierarchical modelling framework might be
best suited to more effective policy analysis and application. The hierarchy of
models closely follows the INEP analytical outline shown in Figure 1.1. The
operation of the modelling framework is described in greater detail in Chapter
3, which also discusses one such set of models developed and used in Sri
Lanka in 1984-85. The Sri Lanka model used a MS-DOS compatible, 16-bit
microcomputer, with 256 kilobytes of main memory and a 10 megabyte hard
disc--i.e. computer technology readily available at that time.

It is important to note tllat all the computerized activities may be first
carried out manually, at a relatively simple level, and only later, as data and
local analytical skills improve, should more sophisticated computer modelling be
pursued. Furthermore, while the computer models are being developed, energy
policy formulation should not be neglected--key options may be examined using
more conventional techniques, and appropriate decisions taken and implemented
(e.g., re-forestation, efficient cookstoves, energy pricing, demand management
and conservation, and choice of renewable supply technologies). These early
decisions will facilitate timely action on important issues, and may be
coherently incorporated into a subsequent longer-term national energy strategy
when more comprehensive computer runs can also be carried out. Great care
must be taken to ensure that the models represent reality as closely as
possible while remaining tractable, and they should be designed to provide
answers to typical questions that senior decisionmakers might be expected to
ask.

(d) Policy Implementation Tools

The constraints and research issues concerning policy implementation tools
have been discussed earlier in Section 1.3. While in theory many tools are
available at the disposal of the policymaker, it was observed that they are
frequently either limited in effectiveness or impose considerable social and
economic costs. In practice, policy implementation calls for the coordinated
use of several tools in order to maximize impact.

(e) Other Constraints

In the context of developing countries we generally face additional
constraints on energy policies. There may be severe market distortions due to
taxes, import duties, subsidies, or a externalities which cause market (or
financial) prices to diverge substantially from the true economic opportunity
costs (or shadow prices). Therefore, on the grounds of economic efficiency



- 13 -

alone we may have to make (second-best) shadow pricing adjustments.
However, these again may have to be modified in anticipation of energy user
reactions that will be based on market prices rather than underlying economic
cost considerations. Furthermore, severe income disparities and social
considerations need to be addressed by subsidized energy prices or rationing to
meet the basic energy needs of poor consumers. Finally, there are usually
many additional considerations that affect policy requirements such as financial
viability and autonomy of the energy sector, regional development needs, as
well as socio-political, legal and other constraints. Often the distinction
between policy objectives (described earlier in Section 1.2) and constraints is
blurred.
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CHAPTER 2

ENERGY MODELLING METHODOLOGY

2.1 INTRODUCTION

As described in Chapter 1, successful energy management depends on both
good analysis and effective implementation. In this chapter, we explore some
of the analytical tools for modelling and policy development. The
implementation of policy is described later in the context of the Sri Lanka
case study. There is an unquestioned need for analytical tools that have the
ability to integrate project and policy sector information across the different
energy sub-sectors, and also incorporate sector-wide planning considerations and
energy-related linkages into the overall macroeconomic picture. First, energy
analysts, both in lending agencies and in country planning entities, are having
to deal with more complex problems at a higher level of sophistication.
Second, the macroeconomic and sectoral outlook in many countries is much
worse than before, and new approaches and initiatives need to be explored.
Third, the policy package associated with new lending instruments such as
sector restructuring loans and structural adjustment loans must be more clearly
defined and elaborated. Finally, the uncertainty regarding future energy prices,
world economic growth, interest rates, access to foreign capital etc., has put a
greater premium on a more flexible approach to policy analysis and decision-
making.

The need for improved analytical approaches has, of course, been
recognized both by national governments and their often newly created energy
planning entities, as well as by multi- and bi-lateral assistance agencies that,
over the past 10 years, have provided guidance and technical assistance to
such bodies. Indeed, particularly over the past few years, there has been a
dramatic increase in the number of countries that have introduced
microcomputer-based energy planning tools.

However, despite the great interest in the topic, and the proliferation of
energy models over the past few years, it is unclear to what extent the
analytical frameworks and modelling tools are in fact useful, be it from the
country perspective (e.g. in terms of the contribution made to the definition of
national energy strategies), or from the perspective of development agencies
(e.g. in terms of clarifying the impacts and benefits of policy packages
associated with structural adjustment loans). Several factors have impeded the
wider use of such tools (Wilbanks, 1987). On the methodological side these
include data constraints, lack of integration with other sectors, lack of
uncertainty considerations, geographic differenices and disregard for the demand
side. Perhaps even more important, according to Wilbanks, are the
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institutional problems that prevail in many developing countries.

Despite the general lack of information, it seems clear from what is
available, and from the experience of the UNDP/World Bank energy
assessments, that the scope, appropriateness and sophistication of energy models
varies quite considerably. Sometimes, even when the models developed are
useful, the unavailability of trained local staff or good documentation can be a
significant hurdle. In this chapter the specific analytical characteristics
necessary to support an integrated national energy planning process are
presented. This takes the form of a discussion of criteria by which energy
models are evaluated. A classification scheme is then developed for energy
models together with a discussion of the leading models that fit each category.
The chapter concludes with a discussion of the practical implementation of a
modular, hierarchical approach, which implies a set of small, interlinked, well
focussed models that adhere to some common data transfer protocol to
facilitate interaction among them.

2.2 EVALUATION CRITERIA

In this section we develop the criteria by which energy models could be
evaluated. These criteria represent those attributes of analysis that we feel are
important to a successful modelling effort in support of policy-making and
investment planning. Obviously, given the broad scope of such efforts, this
could be a very long list indeed. However, the experience in a large number
of small- to medium-sized developing countries indicates that a major part of
the analytical needs of energy planning entities are (or should be) focussed on
a relatively limited set of short- to medium-term issues: integration of
subsectoral planning efforts to achieve sector-wide consistency and integration
with the overall macroeconomy, pricing and demand management, project
evaluation and-medium term investment planning. The criteria discussed below
address such concerns, with the qualification that smaller and less complex
economies can often get by using a relatively unsophisticated set of criteria.
A summary of the evaluation criteria is presented in Table 2.1.

Since we are reviewing the many different types of models that constitute
the typical energy modelling system, it is obvious that not all criteria apply to
all models; some are specific to macroeconomic models, others are specific to
integrated energy sector or energy pricing models.
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Table 2.1 Summary of Evaluation Criteria

General Criteria

1. Ability to respond to key questions of policy and priorities.

2. Degree of integration with and replication of the planning process.

3. Approach to treatment of uncertainties and the types of uncertainties
that can be handled.

Macroeconomic Model

1. Integration and consistency with government accounts and forecasts.

2. Disaggregation between energy and non-energy sectors.

3. Geographic disaggregation.

4. Alignment of model with available data.

Economic Model

1. Incorporation of project level information.

2. Formulation of demand structures.

3. Technical representation of the electric power sector.

4. Does output format follow standard conventions?

5. Representation of institutional structure.

6. Representation of petroleum sector.

7. Treatment of non-commercial fuels.

8. Extent of financial detail including tariff structures.

Subsectoral Models

1. Extent to which model accepts data from models at subsectoral level.
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Integration with the Planning Process

Perhaps the most important attribute of a modelling system from the
standpoint of the energy planning agency is the degree to which it replicates
the institutional realities. If one accepts the premise that a key function of
sector level policy analysis and plaining is to integrate, rather than duplicate,
the planning efforts at the subsector level into a consistent, sector-wide picture,
and into the overall macroeconomic planning framework, then it follows that
the modelling framework must also be consistent with this function.

This requirement is reflected both in the overall analytical and modelling
approach as well as in matters of data and technical detail. Philosophically,
given the premise of a hierarchical planning process itself, there follows also a
hierarchical modelling framework in which the individual modules can be
exercised independently. Ideally, the models at the third, subsectoral level are
run jointly by both the subsectoral institution and the energy sector level
planning institution; or at the very least the energy model must have the
ability to accept information at the same level of detail as that offered by the
subsectoral entity. For example, in the case of the electric sector, the model
should have the ability to accept the capacity expansion plan of the electric
utility (a subject examined further below).

Treatment of Uncertainties

Energy and macroeconomic policy analysis and planning in the typical oil-
importing country is beset with a multitude of uncertainties, and the ability to
identify energy and investment strategies that are robust under a variety of
future outcomes is perhaps the key element in a successful planning process.
Several fundamentally different types of uncertainty must be faced: (1) the
stochastic character of all natural phenomena (such as rainfall and streamflow,
or the distribution of oil reservoir sizes); (2) the uncertainties of the
international economic and energy environment, over which the decision-
makers in typical developing countries have no (or at best only marginal)
control; and (3) the uncertainties in the functioning of the domestic economic
system (and hence uncertainty in the responsiveness of the system to policy
initiatives).

There is a well established body of analytical techniques that deal with
the first type of uncertainty, usually referred to as decision analysis; and
indeed these techniques are widely used in subsectoral eniwrgy models for
petroleum exploration, probabilistic simulation of electric generating systems,
technology choice, siting of facilities, and the management of multi-purpose
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water resource systems. The successful application of such techniques depends
on the ability to define the underlying probability distributions, which in turn
demands an adequate database. However, despite the usual problems of data
in developing countries, experience shows it to be much easier to extrapolate
probability distributions concerning natural systems (from other countries, or
similar climate and geologic regimes) than to extrapolate socio-economic
phenomena. Thus these techniques have been applied fairly successfully to
developing countries.

Application of such techniques to the features of the international
economic system are much more difficult, because physical laws do not apply
to political, economic and social behaviour, and hence a derivation of the
necessary probability distributions becomes an almost impossible task. For
example, all manner of game-theoretical models were developed in the late
1970's to model OPEC behaviour and the future trajectory of the world oil
price. Yet few, if any, came even close to projecting the oil price downturn
in the 1981-1983 period, much less the sudden collapse that followed in 1986.
Indeed, such models have not been used anywhere in developing countries as a
basis for decision-making.

In response to these difficulties, the standard technique has been the use
of scenario simulation, in which values of such exogenous factors are
hypothesized without any initial judgement on the likelihood of occurrence. In
effect, the judgement about uncertainty is shifted fronm the analyst to the
decision-maker, since it is the latter who must make the trade-off between
scenario and policy response, on the basis of the projected impact.

However, if such an approach is to be practical, it poses some rather
severe limitations on a prospective modelling system. First, since there may
be several exogenous scenarios as well as policy preferences of decision makers
for each of several parameters, the. possible permutations of scenarios quickly
proliferates. The analyst must be able to quickly test over a multitude of
scenarios, discard those with duplicative or uninteresting outcomes, and focus
on a more manageable subset. Too many scenarios will simply overwhelm the
typical decision-making body. If such a model is to be used in practice, a
simple rule of thumb might be the requirement that a complete model run
consume a period of some minutes, rather than hours.

Integration with Macroeconomic Plans

At the macroeconomic level, perhaps the most important concern is to
develop a base case scenario that is consistent with the official government
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forecast. In most countries there exists an official plan, typically prepared in
an annual or 5-year cycle by the Ministry of Planning or Finance. Whilst
such forecasts may well be in the nature of a set of goals rather than a
forecast, and therefore subject to some controversy, it is nevertheless true that
as a matter of practice this forecast usually has official standing, and therefore
provides the basis for the participation of the macroeconomic planning
authorities in sectoral planning efforts.

It follows that the macroeconomic model used for the short- to medium-
term covered by this forecast should have the ability to replicate the official
forecast as the baseline for analysis. Ideally, this baseline should then be
capable of perturbation to reflect other assumptions in a consistent fashion,
particularly if the official baseline is considered unrealistic and could be
replaced with a more responsible alternative. Moreover, the presentation
should be in a format that closely follows the official guidelines (for example,
using the same sectoral disaggregation, even if this poses some difficulties
elsewhere in the analysis, e.g. in the demand projections).

By the same token, given that some of the more important impacts of
energy sector decisions are on the external accounts, the format and
presentation should follow closely that of the central bank and its reporting
requirements to the international financial community. All of this implies a
high degree of disaggregation: however, it is easier to produce an aggregated
measure from the disaggregated categories, than it is to disaggregate a measure
in a manner consistent with official statistics. For example, instead of a single
variable for external debt in an energy-macroeconomic model, it is helpful to
use the same disaggregation as the central bank (short, medium, long term,
government, private, etc), and then assign the energy sector debt service to
the appropriate category.

Disaggregation of Energy and Non-energy Sectors

There are two basic approaches to the reconciliation of energy models and
highly aggregated macroeconomic models (in which energy and non-energy
sectors are either not distinguished at all, or at a level of disaggregation
unsuited to energy work), particularly with respect to the evaluation of the
macroeconomic impacts of the energy sector. The simple expedient is to run
the two models independently, with a comparison of the energy sector impacts
derived from the energy model (say the level of energy-derived government
revenues, or foreign debt service) against the overall aggregates projected by
the macro model. Of course, since the aggregate includes the energy sector,
this approach is both imprecise and inconsistent, although perhaps adequate for
a first order estimate.
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A more detailed, but also rnore difficult approach is to attempt some
explicit disaggregation of the macro model. Where formal models are
concerned this may require extensive changes to the equation structure. On
the other hand, where the basis is a macroeconomic accounting framework
rooted in the official government plan, it is usually quite easy to subtract out
energy sector investment (and debt service) from the aggregate investment
projections. Moreover, since the energy sector often contributes a relatively
small amount to GDP, its inclusion in other value added sectors poses few
problems and an explicit disaggregation here is not necessary (electricity is
usually included in a sector such as municipal services that also includes water
and other utilities, while refinery operations are frequently included in the
industrial sector).

Alignment of the Model to Available Data

Many macroeconomic models developed for use in energy-economic studies
prove to be poorly designed from the standpoint of possessing a level of
cornplexity that is consonant with the available data. Even those models that
make no claim of relevance for the short- to medium-term, but whose focus is
the long-run structural adjustment process, frequently use theoretically
convenient equations whose coefficients are difficult if not impossible to derive
from actual, in-country data. Such models typically use log-log production
functions involving constant substitution elasticities (among energy, labor,
capital and other material inputs) that are quite different from the sort of
production functions estimated in sectoral studies.

This problem is perhaps most acute in that subset of countries whose
economies are still largely agricultural, and whose export earnings depend
heavily on a few export crops. Any reasonable and useful formulation of
plantation sectors involving perennial crops would need to include in a sectoral
production function--beyond only price and energy (and/or fertilizer) inputs-
-such additional variables as the area under cultivation, and the age
distribution of the planting stock. Since in many cases increases in the area
under agricultural or plantation cultivation implies a decrease in the natural
forest area, there may also exist an indirect link to the fuelwood supply; irI
some cases (such as rubber), the replanting cycle itself contributes to the
fuelwood supply (in Sri Lanka, for example, a significant portion of the urban
fuelwood supply in the Colombo area is rubber wood, i.e. trees felled to make
way for new plantings).

Typically, production functions in macro-economic models are of the Cobb-
Douglas form, which are the sinmplest that allow factor substitution. One such
form is:

X = aLb Ec Kd
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where X is incremental output, L is the incremental labor input, E is the
incremental energy input, K is the previous year(s) investment, and a,b,c and
d are technical coefficients. Yet production functions encountered in typical
sectoral studies are frequently of a quite different form, especially for
agricultural sectors, including at a minimum variables for land area, fertilizer
inputs (of importance anyway to energy planning because of the energy
intensiveness of their manufacture), and irrigation/rainfall inputs.

The argument here is not that macroeconomic models should necessarily be
encumbered with vast sectoral detail. However, to the extent that
macroeconomic models are built to examine the longer-term issues of structural
adjustment (and the impact of that adjustment on the energy sector), then
maximum use should be made of the sectoral models built by others interested
in the rehabilitation or adjustment of major producing or exporting sectors,
especially where there are direct links to important energy supply issues as
well.

Project Level Information

One of the most important questions concerning the suitability of a
general modelling framework for both the national decision makers and
international lending agencies is the ability to include project level information.
The smaller the country in question, the more important this issue becomes,
since a single electric sector project may in such cases account for a major
share of public sector investment and debt service. In brief, the need to
evaluate project level information within the broader context of the energy
sector and the macroeconomy is not only important to financing institutions,
but is also fundamental to energy sector investment planning on the part of
the borrower.

It should be noted that this criterion is not met by the simple availability
of a project analysis package. Indeed there are many commercial packages
now available for cost-benefit type calculations. Equally important are questions
such as how alterinative investment plans are assembled, and, once assembled,
how they are integrated into the overall analysis. Are project portfolios
assembled on an ad hoc basis, by ranking of internal rates of return
(IRR)--in fact a possibly misleading procedure if capital is constrained, or by
some sophisticated capital budgeting model that maximizes net present value
(NPV) subject to capital constraints?

Such questions are especially important for the electric power sector, where
the determination of the optimal capacity expansion path is a matter of
considerable complexity. The main issue here is the degree to which the
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energy model can be integrated with typical electric utility capacity expansion
plans.

Demand Structures

The adequacy of the demand structures in many models is in some doubt,
particularly with respect to the ability to estimate the impact of policy
initiatives. Perhaps the best example concerns the electric sector which, in
many developing countries, is supply constrained--the major determinant of
demand being the ability of the electric utility to extend the system into both
previously unconnected rural regions and rapidly expanding urban centers. Yet
the traditional econometric formulation of demand as a function of price and
income frequently ignores this issue (quite aside from other assumptions such
as constant own-price elasticities, and neglect of cross-price elasticities).

To be useful for an energy plaining and policy exercise, the demand
structure needs to consider, beyond just price and income variables, such
factors as the extent of energy and peak load accounted for by auto-gerieration
(which is highly sensitive to the level of reliability provided by the central
system), the theft rate (as distinct from purely technical losses, which are
subject to altogether different types of policy intervention), and the rates of
new conxections (in turn also related to the considerable costs of distribution
system expansion). Uncertainty must also be taken into account as described
in the case study.

To be sure, the level of available data, and the unique circumstances
facing a particular country, make such generalizations hazardous. Nevertheless,
it is the experience in a very wide set of countries that such questions are
almost always present. Indeed, they lie at the heart of the controversy over
demand projections that are encountered by, and hence merit the attention of,
energy planning and policymaking bodies as part of their coordinating
functions.

Teclnical Representation of the Electric Sector

Because of the importance of the electric sector from the standpoint of
investment and debt service, and the inherent technical complexity of the
operation of this subsector, an important issue concerns the degree to which
an energy model has sufficient technical credibility to demonstrate the impact
of multiple, and simultaneous policy and project initiatives. It is not at all
uncommon for several multi- and bi-lateral agencies, and the country
government itself, to be simultaneously contemplating the financing of
additional generation capacity, the rehabilitation of the distribution system to
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reduce system losses, and an industrial sector energy efficiency initiative
designed to improve power and load factors.

It follows that if an energy model is to be useful even from a very
narrow perspective, it has to have the ability to demonstrate the interactive
impacts of such diverse but parallel initiatives. This in turn requires a level of
technical detail that at a minimum iiicludes the ability to replicate the
essential features of system load-duration curves and the optimal dispatch of
specific generation units.

Output Format and Data Conventions

Since one of the major reasons for using models is to increase the
productivity of the staff engaged in the support work for decision-making
bodies, it follows that models should as far as possible adopt the usual
reporting conventions in their presentation of key results. For example, energy
balances should be generated in the form almost universally accepted by
international institutions. This may perhaps be a somewhat obvious point, but
several existing models not only require manual transcription of energy
balances, but in some cases require additional calculations as well.
Consideration must also be given to making outputs readily comprehensible to
local decision makers.

Institutional Structure

Beyond the question of how the overall modelling system is aligned to the
institutional realities as discussed above, is the degree to which an energy
miodel itself is structured around the institutional framework. Since the
revenue, tax and subsidy flows that are of major concern to government
decision makers and to an economically efficient pricing system are related to
the transactions between specific einergy-sector institutions, it follows that for
the energy model to be useful for short- to medium-term analysis, it should
have as its basic building blocks not subsectors (petroleum, electricity, gas,
coal), but institutions (the refinery or oil company, the electric utility, the
LPG company, etc.).

Petroleum Sector Representation

The representation of the petroleum sector in energy models is frequently
unsatisfactory. Problems range from inadequate disaggregati(oin (which makes
them difficult to use as a basis for pricing studies), to an inadequate
treatment of refinery flexibility (future petroleum product output from a
domestic refinery is estimated by mechanistic multiplication of the crude run
by some set of yield coefficients). Indeed, nowhere is the ability of an energy
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model to interact with a more detailed subsectoral model more important than
the petroleum sector. In that they can be structured around a linear
programming representation of a refinery, this is one of the few areas where
LP-based energy models have an inherent advantage. Simulation model
representations of refineries must therefore have either an appropriate interface
to a detailed refinery LP, or find some other scheme to deal with refinery
capacity expansion and flexibility issues. Treating the refinery as a black box,
with product outputs given as linear functions of the crude inputs is
problematic even for simple hydroskimming refineries because crudes can be
spiked over quite wide ranges. For example, in 1985 the Refinery of the
Dominican Republic used as input four different Mexican and Venezuelan
crudes, as well as a reconstituted crude consisting of a blend of butane,
naptha, kerosene and gasoil.

Non-commercial Fuels

There are a number of alternative strategies to deal with non-commercial
fuels. Many LP energy mnodels simply ignore them. Others include them in
the overall scheme for computing energy balances, but with demand projections
for fuelwood and charcoal not well integrated with the commercial fuel demand
projections (the issue being the inadequate understanding of substitution effects
among the commercial and non-commercial fuels). Reference energy system
models generally do provide a structure to maintain a consistency in such
substitutions, but are ill equipped to relate the pace of change to the price
eiivironment. In hierarchical systems that include a detailed fuelwood model,
there are special difficulties in forcing consistency among projections for
electricity, petroleum products and non-commercial fuels. The unavailability of
data is also a reason for not modelling non-commercial fuels.

Data Integration with Subsectoral Models

The proposition that energy models should be linked to more detailed
subsectoral models is logically sound, and the claim that a given model is
consistent with other models is almost always made. Indeed, as a matter of
computer technique, it is not too difficult to transfer data from one model to
another. In practice, however, the question is not one of modelling, but of
institutional relationships. What matters is not only the technical capability of
an energy model to accept subsectoral detail (as argued above in the case of
the electric sector capacity expansion plan), but an institutional mechanism
that ensures a sufficient dialogue for the transfer to actually take place. In
some countries (such as Morocco and Sri Lanka), such a mechanism is present;
in others it is notably absent, which makes any modelling effort quite suspect.
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Relationship to Staff Capabilities

Finally, in terms of in-country application, mention must be made of the
issue of staff capabilities and training. Even a modelling framework that
possessed all of the above attributes would be without value unless the
capability exists to use it. The working level staff must be sufficiently well
trained to be able to understand and operate the analytical tools successfully.
One might note that this is not only a matter of training in modelling and
the particular software implementation--indeed, this is probably the least
important aspect (if the software is well designed). Rather, the central issue
is the technical background and experience of the staff. Often, a well trained
engineer or economist, with some years of experience, can usually be trained
successfully to use a modelling system, whereas programmers, modellers, and
others without experience in a refinery, electric or gas utility, whatever their
computer expertise, rarely have the technical judgement to successfully
understand and operate a model ensemble. However, the participation of a
programmer/systems analyst may well be desirable if present as part of a
broader team.

2.3 CLASSIFICATION AND EVALUATION OF ENERGY MODELS

There are four broad categories of models:

1. Macroeconomic models that stand at the top level of the
hierarchy, including both stand-alone models as well as those
designed as modules of a broader modelling system.

II. Energy models that occuipy the middle level of the hierarchy,
again including both those designed as modules in comprehensive
systems, as well as stand-alone models that might, in principle, be
used in a modular system.

III. Integrated, non-hierarchical energy-macroeconomic models.

IV. Modular, hierarchical systems--here the focus is not on the
components (reviewed individually in Categories I and II), but on
the interactions between the models.

A summarized classification of the models is contained in Table 2.2.

It should be noted that although models at the subsectoral level of the
hierarchy (of which there may now be many hundred in use in developing
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Table 2.2 Clasification of Models

Model Country

Macroeconomic Model.

Conventionai Macroeconomic Models
SIAM-2, World Bank Thailand

Purpose-built macroeconomic drivers
ENERPLAN, Tokyo Energy Economics Group
for UNDP Costa Rica

Macroeconomic Accounting Frameworks
ENMAC, Munasinghe and Meier for Govt.
of Sri Lanka Sri Lanka

Extended Macroeconomic Models
Hill, Oak Ridge National Laboratory for USAID Liberia
Vinh, World Bank Tunisia
Blitzer, MIT for USAID Jordan

Energy Model.

Reference-Energy System Based
EDIS, SUNY for USAID Dominican Republic
RESGEN-3, IDEA, Inc. Indonesia

Simultaneous Equation Models
ENERPLAN, Tokyo Energy Economics
Group for UNDP Thailand
Argonne Energy Model Jamaica

Linear programming models
Thailand Energy Master Plan,
Systems Europe Thailand

Integrated Non-Hierarchical Model.

Input-Output Models
BEEAM, Brookline National
Laboratory for USDOE Portugal

Optimization Model.
TERI IO/-LP model, Mubayi India

Other
ENVEST, DSI Inc. for USAID Morocco & Costa Rica

Hierarchical Systems

Sri Lanka Model, Munasinghe and Meier for Govt.
of Sri Lanka Sri Lanka
Bangladesh Model, DeLucia, Metasystems for ADB Bangladesh
Morocco Energy Model, IDEA, Inc. for USAID Morocco & Pakistan
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countries) are not reviewed here, a great deal of attention is paid to how such
subsector models could be linked to the energy sector, and macro level models.
Indeed, such questions as how electric utility capacity expansion plans are
integrated into energy models are central to the ultimate effectiveness of a
modelling effort to support policy analysis.

Category I: Macroeconomic Models

Several quite distinct varieties of macroeconomic models have been used
for energy policy work. The first are conventional macroeconomic models
designed for general macroeconomic analysis rather than energy work. These
typically include one or more highly aggregated energy variables included in
production functions, whose substitution elasticities with respect to capital,
labor and other inputs are econometrically estimated. Such models, by virtue
of their inclusion of such aggregated energy variables, can be used to assess a
certain set of energy policy questions. The best known in this category is the
SIAM-2 model for Thailand, used by the World Bank for analysis of the
impacts of alternative policy options in response to falling prices. SIAM-2 is a
computable general equilibrium (CGE) model designed to address general
questions of fiscal, exchange rate, wage, and pricing policies. It has 22
producing sectors, all of which (with the exception of gas and petroleum
products) are characterised by sophisticated neo-classical production functions.
The most critical part is the provision for policy simulation within the capital
market structure. Markets clear, either via price adjustment or quantity
adjustment. Where international markets exist for the commodities in
question, prices are taken as exogenous; the same applies in the case of
government set prices such as energy products. SIAM-2 is a very
sophisticated model which limits its wide application in the developing world.

The second group consists of much smaller macroeconomic models, built
expressly to drive energy models. These are usually limited to a fairly small
equation set for projecting GDP, population growth, etc., and generally lack
the sophistication of the first group. The ENERPLAN macroeconomic driver
developed for Costa Rica by the Tokyo Energy Analysis Group falls into this
category. The strength of ENERPLAN is its extreme flexibility, since it
enables the user to build whatever equation structure that is deemed to be
appropriate. The user is provided with both macroeconomic and energy sector
models, with the former designed as a driver for the input side of the energy
model. The two models can also be exercised independently.
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The third group, macroeconomic accounting frameworks, is distinguished
from the second group by two main features. They are based on accounting
identities rather than econometrically estimated relationships, and encompass a
much greater level of detail. The Sri Lanka Macroeconomic Accounting
Framework (which is embedded in the INEP structure as further described in
Chapter 3) is representative of this category. The basic approach was to
replicate, in the equation structure of LOTUS 1-2-3, the macroeconomic and
investment projections of the Ministry of Finance and Planning (MFP), and
the reporting structure of the external accounts of the Central Bank of Ceylon.
As such, sectoral growth rates, investment, savings etc., are all taken from the
corresponding official planning documents. From this projection is subtracted
the MFP estimates of energy sector investment and trade transactions.

Finally, in the fourth group, are extended macroeconomic models, in which
a substantive macroeconomic model is extended to include a number of energy
variables. They are distinct from the first group in that they were built
expressly for analysis of energy-macroeconomic issues. Typical examples are
those of Hill (Oak Ridge National Laboratory) for Liberia, Dinh (World Bank)
for Tunisia, and Blitzer (MIT) for Jordan.

The objective of the Liberia model was to analyze the relationships
between energy demand and the macroeconomy, without addressing the supply
side of the energy system. As such, it has limited scope, and does not
address questions of the macroeconomic impact of energy sector policies or
investment decisions. Nevertheless, it typifies the sort of linkages used in
many energy models of this type, in which the level of detail on the
macroeconomic side is extremely limited.

The Tunisia model was developed to analyze oil and gas policies in
Tunisia. The model consists of five main blocks covering the macroeconomy, a
petroleum production block, an oil balance block, a natural gas block and a
fiscal block that simulates government revenues. While this is a powerful
model, it is, of course, limited to the oil and gas subsectors. It has the
potential to serve as an excellent starting point for other countries in which
the government has many private sector partners engaged in fossil resource
development.

The Jordan model was developed to analyze energy-economy interactions.
While much of the national accounts system is fairly standard, the niodel has
a number of features that permit a variety of useful insights not available
from others. It has seven sectors which produce all the domestic value-added.
For each sector the model also calculates import requirements, energy subsidies
and customs duties.
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Exports, international prices, sectoral investment plans, indirect taxes and
subsidy rates, and government and private consumption growth are all
exogenous.

Category II: Energy Models

Energy models fall into three main groups: (i) simulation models based on
the Reference Energy System framework (developed originally at Brookhaven
for use in the USA, but subsequently modified and adopted by many
developing countries); (ii) simulation models based on a simultaneous equation
structure, and (iii) optimization models, primarily linear programming.
Although the two simulation approaches can be made to be mathematically
identical, in practice they reflect rather important differences in conceptual
approach.

The best known implementation of the Reference Energy System approach
is the RESGEN model, used by the national energy planning agencies in
Thailand, Indonesia, the Dominican Republic and Sri Lanka, among others.
The RESGEN energy model was designed specifically for microcomputer
implementation, and for developing countries. It has become one of the more
widely used software packages for energy planning in developing countries. As
in the case of ENERPLAN, RESGEN is more accurately described as a
software package to generate models, than as a model per se. The key
innovation int RESGEN is that the fixed network structure is abandoned in
favor of a totally flexible structure in which the user can create networks of
arbitrary structure. This flexibility is reflected in the diversity of applications,
ranging from analysis of the rural energy sector in Rwanda, to the
sophisticated multi-regional model used by the Ministry of Energy in Indonesia.
RESGEN is designed to be used together with LOTUS 1-2-3; input information
can be drawn from LOTUS spreadslheets and output information transferred to
LOTUS for further graphics presentation. It is designed to be used as part of
hierarchical modelling systems, and therefore requires some sort of
macroeconomic driver. However, the unique feature of the program is that it
allows three different types of demand structure: (1) econometric specification,
(2) project demand specification, and (3) process models. Thus, it is a model
of great flexibility, though this also imposes rather severe requirements on the
user.

Among simultaneous equation energy models, the ENERPLAN model for
Thailand is again a good example. The energy model consists of some 60
equations, consisting of groups of equations for: (1) final demand; (2) energy
conversion; (3) primary energy supply; and (4) energy prices. The equations
are econometrically determined and major exogenous variables include real
consumption, wholesale price index, and manufactured industry output. The



- 31 -

general programming environment of ENERPLAN is extremely friendly and
new models could be implemented rather easily.

The Thailand Energy Master Plan model is representative of LP models.
It consists of an extensive set of models adapted from the EEC models
assembled by Systems Europe SA. The EEC models have a core of 15 energy
networks. These networks can be run either in a simulation or optimization
mode. The linear program selects that combination of resources, fuels and
processes that minimizes the total discounted cost over the period 1981-2001,
subdivided into five-year intervals reflecting the 5th to 8th National
Development Plans. The major limitation of this model appears to be its
sheer complexity. Furthermore the question always exists whether such
institutional detail could be incorporated into a LP; however, the structure
certainly seems warranted for simulation purposes.

Category III: Integrated, Non-Hierarchical Energy-Economic Models

This group of energy-economic models is to be distinguished from the
hierarchical models of Category IV by virtue of their integration of the energy
and macroeconomic components. In particular, energy and macroeconomic
components cannot be run separately either as a matter of design (for
example, the input-output model is embedded as a set of constraints in the
BNL/TERI model for India), or as a matter of programming philosophy (for
example in the ENVEST model for Morocco, the input/output driver is
conceptually distinct, but the user cannot uncouple it from the energy sector
simulation).

The ENVEST model was built for the Ministry of Energy and Mines in
Morocco by Decision Sciences, Inc., as part of a long term energy planning
technical assistance project sponsored by USAID. It has the distinction of
being among the first comprehensive microcomputer-based energy analysis
systems implemented for developing countries. ENVEST's greatest strength is
its close integration with the energy planning process in Morocco. In its
design, the focus was on project analysis. The user can access a project
analysis module, from which individual projects can be analyzed and returned
to the database. As a completely menu-driven system, it is also user-friendly.

Category IV: Hierarchical Models

Finally, in Category IV, we have the hierarchical systens. These are
modelling frameworks where not only are the macroeconomic and energy
models modular in structure, but a great deal of emphasis is put on
interaction with subsectoral models as well. Although too early for
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microcomputer implementation, the first such approach was by DeLucia and
colleagues for the Bangladesh Energy Study of the mid 1970's. More recently,
microcomputer versions of such systems have been implemented for Sri Lanka
and Morocco. The hierarchical system developed for Sri Lanka, which is the
analytical framework for the Sri Lanka case study in this book, is described in
detail later, in Chapter 3.

2.4 CONCLUSIONS

Since the issues, priorities and institutional structure will, of course, vary
from place to place (and from time to time), definition of a universal model is
neither possible nor desirable. However, based on the preceding model reviews,
there is a great deal that can be said in the way of useful guidance for the
technical design of a modelling framework.

Hierarchical vs. Single Model Systems

The foregoing discussion indicates that a hierarchical approach to energy
modelling is likely to be the most effective, primarily on the grounds that it
best captures the actual techno-economic linkages and institutional realities of
the energy planning process. Moreover, our review of available models shows
that many of the deficiencies of single models could be resolved by linkage to
another model that provides some missing element of consistency (of which a
good example is the Jordan Macromodel, which could be considerably enhanced
by linkage to an energy sector model).

Even in an integrated framework the question arises as to the desirable
level of automation between models. In the Sri Lanka model ensemble, the
information between subsectoral and(i energy models takes place manually, and
the linkage between energy and macromodel, while using an intermediate data
file of common format, requires manual intervention to implement. King (1985)
has pointed out that if the model simulates the structure of the actual
decision process, natural breaks would arise at points where decisions have to
be made. This would be the case where energy sector plans affect an overall
social and economic development plan and vice versa. Such interaction is
frequently handled by meetings and committees. King has argued that this
manual interface is far more desirable than an automatic linkage embedded in
the model.
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He has also expressed the view that this modularity would be useful for
progressively updating the model in a spiral fashion. Thus, each module could
adjust to the need and ability of the agency responsible for its implementation,
without disrupting the overall system.

Just this approach is being followed in the new Morocco model, in which
the LOTUS environment makes adherence to standard data protocols very easy
(by definition of a common output range format used to transfer information).

Staff training is, of course, also facilitated by a modular approach, in that
training is not delayed towards near the end of the project, and can begin
early in a technical assistance effort.

Simulation Versus Optimization

Much of what has been written about the relative merits of optimization
and simulation approaches may be misleading. For example, three arguments
are often advanced for avoiding the use of optimizing models for the overall
energy sector. First are the difficulties in specifying objective functions, since
least cost (and its discounted analogs in dynamic specifications) may not in
fact reflect the actual decision process. However, even a simulation model
must implicitly make such judgements. For example, in a network simulation
of the electric or refinery sectors, certain rules inust be specified by which the
allocations among fuels must be made. For example RESGEN assumes that
electric plants are dispatched into the load duration curve in merit order,
which produces identical results to those of an LP dispatch model.

A second argument is that optimization tends to be expensive in terms of
computer hardware, run time and software requirements. However, in today's
microcomputer environment these are no longer valid objections, especially for
linear programs (although for non-linear and mixed-integer programming the
argument is perhaps still valid). The problem is more that the historical
evolution of LP energy models in the U.S./European tradition has drifted
toward larger and more complex LP's in which the real issue is the ability to
interpret models having thousands of variables and constraints.

A third argument is that optimization models tend to cut off debate
because they present only one optimal solution, whereas simulation models
permit a range of alternatives to be suggested. But this argument again is
more a matter of how LP's have been misused, rather th1tn any intrinsic
problem. The "what if" type simulation mode can just as well be applied to
an LP in which the sensitivity of the solution can be examined as a function
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of a wide range of data assumptions (or for that matter alternative objective
functions). Indeed, there is no reason why LP models might not be run in a
highly constrained mode with respect to many of the key policy decisions (e.g.
the rate at which a domestic natural gas resource should be exploited) in a
what if simulation fashion, leaving the LP to make choices only in those
subsectors to which it is well suited (e.g. the petroleum subsector). LP
models also yield shadow (or dual) prices that are useful in economic analysis
more readily than simulation models.

The Macroeconomic Model

The adage about what is worth doing is worth doing well, is particularly
applicable to macroeconomic modelling efforts. This brief review suggests that
there may be only limited value in simplistic macromodels that serve solely as
drivers to the demand side of an energy model: exogenously specified GDP
growth scenarios (an official government projection and one or two
perturbations) would serve just as well. On the other hand, models of the
sophistication of SIAM-2 are available only in a few countries, and the effort
to develop a model of such detail cannot be justified as part of most technical
assistance projects in the energy sector. In practice, then, in most cases a
compromise must be found between these two extremes.

Given the importance we attach in the smaller developing countries to
project-level detail and the preparation of medium-term investment plans for
the sector, it is likely that the first priority should be for a macroeconomic
accountiilg framework of the type developed for Sri Lanka. This will at the
very minimum permit a view of the energy sector consistent with official
government projections, and permit the evaluation of the impact of the energy
sector on the external accounts in a manner consistent with Central bank/IMF
presentations. Although such a framework does not allow exploration of such
issues as longer term structural adjustments, it does provide a means of
forcing consistency between macroeconomic, sectoral, and subsectoral planning
assumptions.

As a second step, a model of the type represented by the Jordan and
Tunisia models would be indicated. However, these should be designed in
such a way as to exploit the advantages of being a component of a model
system (once again we point to the advantages, say, of linking the Jordan
macromodel to an energy sector model to provide consistency between electric
sector investment and electricity demands). Moreover, if they are to be used
in conjunction with perturbations of official government projections, they must
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be capable of replicating the latter to some reasonable degree.

Energy taxes are important sources of revenue to developing country
governments, both in countries that have significant domestic production as
well as those that are purely oil-importers. The size of certain subsidy and
tax flows are such that sharp changes in their magnitude--occasioned, for
example, by a drop in the world oil price, or by a dramatic revision of the
domestic tariff structure--may have a substantial impact on modelling of the
budget deficit and the allocation of investment flows. It follows that an
explicit representation of the government budget will be necessary to analyze
the impact of alternative tarification strategies. The assumptions made about
the structure of capital markets are critical to the outcome of policy
simulations on such matters.

The Energy Sector Representation

To be suitable for analysis of most of the short- to medium-term issues
faced by typical national energy planning bodies and the international financial
agencies, the minimum standards required of the energy sector model can be
reiterated as follows:

1. The model must have the capability to deal with project specific costs
and energy impacts.

2. The model must have an adequate technical representation of the
electric sector. At a minimum, specific plants (or groups of plants of
roughly similar vintage and fuel type) should be dispatched into an
annual load-duration curve with explicit representation of forced and
scheduled outage rates.

3. The model should present the energy balance in the conventional form,
and have sufficient flexibility to provide intermediate outputs for
purposes of model and data validation.

4. Under no circumstances should the model have any data hard-wired
into a compiled code.

5. The level of disaggregation must be sufficient to identify institution-
specific transactions, and be consistent with the administrative
structures used for pricing (e.g. if there exists a special subsidy for
cement industry fuel oil consumption, then cement industry fuel
consumption should be separately identified).



- 36 -

6. In most cases, the model must provide for a framework to examine the
substitutions between commercial and non-commercial fuels (especially
between fuelwood and petroleum products).

7. If the model is a compiled program, then it must provide for direct
data exchange with spreadsheets.

8. The major unit operations of refineries must either be explicitly
included in the energy model, or the energy model should interact with
a detailed refinery/petroleum sector linear program.

9. The model should generate investment, debt service and trade data in
a form compatible with overall macroeconomic models.
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CHAPTER 3

SRI LANKA CASE STUDY

3.1 OVERVIEW OF THE MACROECONOMY AND ENERGY SITUATION

Sri Lanka, situated in the Indian Ocean, is a small island of 65,610 sq.
kilometers in area which includes 959 sq. kilometers of inland water. The
land area is compact with a central hilly region. The rivers which spring up
from this region (the most important of them is the Mahaweli Ganga), play
an important economic role in providing hydroelectric power. Another major
indigenous source of energy are the forests which have, however, declined from
about 44% of total land area in 1955 to about 24% in 1980 mainly due to
agricultural conversion and fuelwood use.

Sri Lanka is essentially an agricultural economy dualistic in nature. It
consists of an export-oriented plantation sector with primary crops of tea,
rubber and coconut; and the domestic or rural sector with the major crop
being paddy and other food crops--essentially for local consumption. Tea,
which is one of the major exports, shows a steady decline, both as a
percentage of total export value as well as volume, from 55.3% in 1977, to
27.2% in 1986. Rubber and coconut also show considerable declines; from
21.6% in 1970 to 7.7% in 1986 for rubber, and 11.7% in 1970 to 4.7% in
1986 for coconut. The policy of nationalization of the plantation sector in 1976
had adverse effects on production in the ensuing years, and the worst hit were
the tea plantations. On the other hand, minor exports consisting of coconut
by-products, spices, minor agricultural crops, precious and semi-precious stones,
manufactured goods, minerals, and petroleum re-exports, had increased from
11.7% to 60.4% in value of total exports, between 1970 and 1986.

Recent Economic Trends

We briefly review below, as background information, the Sri Lankan
economy--starting shortly before the first oil crisis of 1972-73. From 1970 to
1977, Sri Lanka was essentially a closed economy, with strict exchange control
regulations and import controls. This period was marked by low investments
and low growth patterns; GDP grew at only 2.9% per aniium on average;
which was well below both the economy's previous performance of 4.4.% per
annum in the 1960's and its inherent potential. One of the hardest hit
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sectors was the manufacturing industry--due to the sluggish economy and the
poor investment climate, investments averaged less than 16% of GDP during
this period.

The oil price increase of 1973 had made petroleum, which supplies a third
of the country's primary energy demands, a significant factor in the balance of
payments. But strict import control measures and slow economic growth
entsured that the burden of oil imports was manageable during the following
years. At the same time the addition of new hydro capacity resulted in
electricity supply exceeding demand, and thus helped to curtail the demand for
oil. This period was marked by economic stagnation essentially due to the
policies pursued.

With the liberalization of the economy in 1977, and the adoption of a
market oriented development strategy, Sri Lanka's economy has shown
considerable change. Most significant has been the ability to break the low
investment and low growth pattern of the 1970-1977 period. Investments have
grown from 14% of GDP in 1977 to an average of 28% in 1980-86, with
growth being shared by both public and private sectors. However, this growth
has not been accompanied by any substantial increase in national savings,
implying little shift in domestic resources from consumption to investment.
Most of the increase in investment had to be financed by drawing down
international reserves, and by resorting to commercial borrowing. The real
rate of growth since 1977 has averaged about 5.8%, which is all the more
significant since this was achieved in a period of considerable international
economic turmoil with high international inflation, doubling of oil prices and
recession in the developed countries (which reduced demand for exports and to
somre extent constrained aid flows). Further, the increased investment
programs were accompanied by gains in employment.

Import liberalization and the decontrol of most prices provided an
immediate boost to the manufacturing industry which was the hardest hit
sector in the 1970-77 period. Growth in this sector jumped to 7.8% in 1978
and has thereafter averaged 5.2% from 1978-1985. The somewhat reduced
growth in manufacturing since 1978 has been due to slow growth in capacity
utilization and the low level of investment in the manufacturing sector due to
easier, quicker and higher returns in other sectors like tourism, trade, and real
estate.

Economic Growth and Balance of Payments

The bold economic reforms during the late 1970's resulted in an initially
high growth rate of 8.25% in 1978. Against a background of increasing and
unsustainable balance of payments and budgetary deficits, the initially high
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growth rate has shown a decline over time. During 1970-77 real GDP had
grown at oiily 2.9% per annum; during 1977-80 growth averaged 6.1% while in
1980-85 growth had fallen to an average of 5.2%. The crux of these problems
has been the high level of capital formation in relation to national savings and
the slow growth of exports in relation to the import requirements. Between
1980 and 1983 capital formation remained at a high 30% of GDP largely
because half of it was financed by foreign savings.

The World Bank has estimated the decline of Sri Lanka's terms of trade
to be over 30% between 1977 and 1981. This has been primarily due to the
rapid increase in import prices of petroleum products in the international
markets and decline of export prices in the tree crop sector. Though oil
prices dropped in the international markets in 1982, it had no impact on the
economy since the increases in the exchange rate offset the price decreases.

Due to a combination of slow export volume growth relative to imports
and a large deterioration in the terms of trade, total imports grew to twice
the value of exports by 1980. The balance of payments showed a deficit of
$579 million in 1986. The severe deterioration in the balance of payments in
1980 had reduced Sri Lanka's net international reserves by $220 million to $38
million. The current account balance deteriorated from a positive 2.4% of
GDP in 1977 to a record deficit of 19.8% in 1980, subsequently levelling off at
an average 10.9% deficit during 1981-86.

The most serious domestic manifestation of Sri Lanka's financial difficulties
has been higlh inflation. Inflation, as measured on all major price indices,
accelerated sharply between 1978 and 1980, before subsiding between 1980 and
1981. The rate of inflation as measured by the Colombo cost of living index
was 14%, on average in 1983 (over 1982), but reached 23% when measured
between February 1983 and February 1984. It has declined somewhat since
then, averaging 4.7% between 1984 and 1986.

The crux of Sri Lanka's macro-economic problems remain: the high capital
formation in relation to national savings; slow growth of exports relative to
increasing imports, resulting in severe balance of payment problems; and
depletion of external reserves.

Energy-Macroeconomic Relationships During the Recent Past

During the past decade international oil prices have twice risen sharply--in
1973-74 and 1979-80. The overall increase was from under US$2 per barrel in
the early 1970's to US$34 per barrel in 1980. Since then, prices have declined
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to below US$20 per barrel by 1986/87. During both oil shocks, the economic
growth rate declined in industrial as well as developing countries. The oil
importing less developed countries (LDCs) continued to be highly vulnerable
to developments in the world economy, not only because of high oil import
costs, but also due to shrinkage of export markets, official aid flows, access to
international credit etc. Each downturn in the developed countries had
corresponding adverse effects on the LDCs. The impact of these two oil
upheavals on the Sri Lanka economy is analyzed below.

The impact of the first oil shock of 1973-74 was somewhat cushioned in
the Sri Lanka economy due to a combination of factors. The strict exchange
control regulations coupled with slow economic growth ensured that the burden
of oil imports were manageable during the next few years. Though the oil
import bill was a significant factor in the balance of payments, due to the
prevailing economic climate oil imports fell. The turning points in the
economy occurred in 1970 and 1977 with the change of governments and the
economic policies adopted by them.

From 1970-1977 the economy was highly protected from external shocks
due to the closed economic policies that prevailed. As a result the first oil
shock had no significant impact on GDP growth. Tables 3.1 and 3.2 give the
key years in which significant chaniges took place in the consumption trends of
petroleum products and the petroleum import bill. Table 3.1 shows that from
1973-77 the average growth rate of petroleum demand fell by 3.3%. This
could be interpreted as a general response to doubling of petroleum prices, in
a difficult economic period.

Table 3.1 Consumption Trends for Major Petroleum Products a/

Average Annual Growth
Product Consumption (1000 Tons) Rates (%)

1970 1977 1990 1983 1988 1970-77 1977-80 1980-86

Gasoline 148.4 111.6 107.7 117.5 130.6 -4.0 -1.2 21.3

Kerosene 272.6 213.1 188.7 169.1 154.2 -3.6 -4.0 -18.3

Autodiesel 264.5 261.4 399.5 464.3 487.3 4.0 15.2 22.0

Industrial
Diesel 87.9 46.3 61.0 296.9 36.0 -8.8 9.6 --

Fuel Oil 208.8 134.7 247.2 253.1 129.0 -6.1 22.4 --

Power Sector
Consumption 133.0 7.0 58.6 -- -- -34.3 102.9 --

Fuel Oil 133.0 7.0 45.0 -- -- -- -- --

Diesel -- -- 13.6 -- -- -- -- --

a/ Excludes Re-export and Bunker sales.
Source: Coylon Petroleum Corporation
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Table 3.2 Petroleum Import Bill (USS Millons)

1970 1977 1980 1983 1986

A. Petroleum Imports 10 180 489 438 197
B. Petroleum Re-exports 5 84 181 106 84
C. Net Petroleum Imports 6 98 308 382 113
0. Non-Petroleum Exports 337 887 884 953 1132

E. C as Percentage of D 1.6 14.2 35.6 38.0 10.0

USS = Rs. 6.2 16.8 18.0 26.0 28.5

Source: Sri Lanka Customs

The second oil shock of 1979-80 had much more severe repercussions than
the first. Table 3.3 gives a clear picture of the impact of these two oil
shocks. The periods are demarcated as shown since there were significant
economic reactions and repercussions. First is 1970-73, the pre-embargo period;
then the 1973-77 adjustment period for the first oil shock. 1977-80 includes
tlle period of liberalization of the economy and the second oil shock; 1980-82
gives the short-run adjustment period after the second oil shock; and 1982-86
the long-run adjustment period. With the liberalization of the economy in
1977, the growth rate of GDP from 1977-80 averaged 6.8%.

The rapidly improving economic growth during this period resulted in an
accelerated demand for electricity (which previously, during 1973-77, grew at
an average rate of 4.7%), due to the low tariff structure and untapped
potential markets. The demand was met totally by hydro-power. During
1977-80, without taking into consideration the power cuts that prevailed,
electricity growth averaged 10.2%; this had a significant impact on the
economy since the supply had to be supplemented by thermal generation.
During the same period, demand for petroleum products grew at 7.2%
compared to -5.2% in 1973-77. In the short-run adjustment period (1980-82)
after the second oil shock, demand growth for both electricity and petroleum
stayed high, at an annual 10.1% and 14.7% respectively, as the economy
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Table 3.3 Evolution of GDP, Energy Demand and Prices for the Period 1970-1986

Adjustment Period Adjustment Period
for the First Intermediate for the Second

Pre-Embargo Oil Shock Period Oil Shock
1970-73 1973-77 1977-80 1980-82 1982-86

GDP Growth Rate 1/ 2.2X 3.4X 8.8! 5.4% 4.8!

Growth Rate of Total
Energy Demand 2/ -- 2.8X 2.3% 2.S% --

Electricity Demand 3/ 7.8e 4.7% 10.2X 10.1% 7.3X

Non-Electricity
Demand 4/

- Demand for Petroleum
Production 0.9% -6.2% 7.2% 14.7% -8.7%

- Demand for non-fuelwood
energy 6/ -- 8.2X 0.4! -0.2! --

Changes in Energy Prices

- Electricity Prices 6/ -3.12% -3.64% 32.6% 37.8! --

- Petroleum Product 11.2! 14.2! 30.0! -3.0% 7.1%

Prices 7/

1/ Annual average rate of change of real GDP for each specified period.
2/ Annual average rate of change of total energy demand (Commercial and non-commercial energy)
3/ Annual average growth rate of electricity deand (either in orig. unit or converted unit).
4/ Annual average growth rate of demand for each specified period.
6/ Includes all non-commercial energy sources such as firewood, crop residues, cow dung, etc.,

converted into a common unit (MTOE).
S/ Changes in weighted average prices (or price index of all commercial energy sources.
7/ Weighted average of petroleum product prices.
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continued to expand. Since then growth rates have dropped significantly,
particularly for petroleum (-6.7% in 1982-86) where domestic rupee prices
followed the international price decline.

The marginal increases in the demand for commercial energy in Sri Lanka
up to 1985 were directly linked to the size of petroleum imports, regardless of
whether these increases took the form of higher electricity consumption or
direct consumption of petroleum products. Thus after 1977, the combination
of increased consumption and a doubling of oil prices resulted in a rapidly
growing oil import bill. By 1981, the net oil import bill more than tripled
and the proportion of export earnings devoted to importing oil rose from 15%
to 39%.

As mentioned earlier, the first international oil crisis had no severe
repercussions on the Sri Lanka economy due to the stagnant state of the
domestic economy. The second oil crisis, however, not only effected the
balance of payments, but also the terms of trade, which declined by over 30%
between 1977 and 1980. This was due primarily to the increase in import
prices of oil, and the decline in export prices of the tree crop sector.

Though investments rose from 14% to 30% of GDP from 1977-1980, this
was not accompanied by an increase in domestic savings. Increased
investments have been financed by drawing down international reserves and
commercial borrowings. As a result, Table 3.2 shows that up to 1977 the
cost of oil imports was not a source of serious concern to Sri Lanka.
Additions to international reserves declined from an inflow of 3% of GDP in
1978 to an outflow of 6% of GDP in 1980, while net use of commercial
financing rose from -1% to 6% of GDP for the same period.

The rupee, which was pegged to the dollar (floating exchange rate),
depreciated in value from Rs. 15.608 in 1978 to Rs. 23.529 in 1983. The
manifestation of these financial difficulties, along with international price
increases, has been a high inflation rate. Before reducing significantly to an
average of 4.7% between 1984 and 1986, inflation as measured on all major
price indices accelerated sharply between 1978 and 1980.

The recent decline in world oil prices had little effect on energy demand
since this dollar price decrease was offset by the exchange rate fluctuations
(with the rupee declining in value against the dollar), thus keeping domestic
oil product prices relatively stable.

Principal Energy Sources

Sri Lanka has two major indigenous sources of energy--hydro electric
power and fuelwood. The country's potential hydro electric power is estimated
to be in the region of 2300 MW, of which 1122 MW has already been
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developed, with 533 MW of this being contributed by the recent Mahaweli
scheme. By the end of the current decade, over 50% of the potential
capabilities would have been realized. Hydro electric power is used primarily
to meet base load energy generation, while gas turbines operate in the peaking
mode and also provide spinning reserve. This pattern is expected to continue
for at least the next five years.

Though reliable data on fuelwood supply is difficult to obtain, the
estimates clearly indicate its precarious and unsustainable nature. Over the
past two decades, incremental wood production--from the natural regeneration
of forests, agricultural residues and rubber replanting etc.--has fallen far behind
consurmption, and today accounts for less than half the estimated annual
consumption of around 5 million tons. The balance of wood supply has come
mainly from the denudation of Sri Lanka's natural forest cover which has
declined from about 44% of total land area in 1956 to about 24% by 1982.

The balance of the major domestic demand is met by oil imports. The
crude oil imported is refined into other petroleum products which are either
used in the domestic market or re-exported. Table 3.4 shows the main types
of oil imports which are crude oil, kerosene, and auto diesel. Table 3.5 gives
the consumiption of electricity and petroleum products between 1975-1986.

Figure 3.1 shows the typical Sri Lanka energy supply pattern (1983).
Fuelwood (67%) dominates gross energy supply, with oil at 24%, thermal-based
electricity at 4% and hydro electricity supplying 5%. Oil is the most
important source in supplying useful energy or net supply (46%), with
fuelwood at 38% and electricity at 16% (supplied by both hydro and oil)
(useful energy was calculated by end-use efficiency estimates of the different
energy using forms).

Since 1978, there was a substantial increase in the demand for all forms
of commercial energy, which rose in aggregate at 8.8% per annum in the
1978-80 period, as opposed to a slight decline in the preceding 7 years.
Petroleum consumption has grown even more rapidly since the increase in
demand for electricity in the past (1977 period) and had to be met by
increased thermal generation. Table 3.6 shows that for 1983 oil for thermal
generation in the form of diesel and fuel oil has increased very rapidly.



Table 3.4 Imports of Oil and Petroleum Products

1976 1976 1977 1978 1979 1980 1981 1902 1983 1984 1965 1966 af

Valu, (US1 Millions)

Crud. Oil 132.6 136.9 139.2 143.7 201.6 436.8 448.4 488.9 332.9 373.4 335.2 175.1

Gasoline -- -- 0.3 0.6 1.2 -- -- -- 4.4 4.4 -- --

Avtur 0.6 -- 3.3 8.2 22.3 22.5 16.4 1.8 3.2 -- -- --

Kerosone -- 1.3 4.9 3.6 12.1 -- -- 16.2 15.8 2.5 11.6 3.4

Automctivo Diesel -- 1.1 2.8 10.7 61.9 14.8 36.5 58.6 102.0 30.7 81.7 18.7

Other 8.8 5.8 6.4 8.3 8.6 20.3 14.9 11.4 10.2 13.5 -- --

Total 141.7 144.1 156.9 175.2 297.7 493.4 616.2 573.9 468.6 420.1 378.4 197.2

Volume ('000 Tons)

Crude Oil 1,464.6 1,447.1 1,529.6 1,443.9 1,444.0 1,861.1 1,710.5 1,940.5 1,492.0 1,733.8 1,867.6 1,639.1

Gasoline -- -- 2.2 3.7 6.6 -- -- -- 15.0 -- -- --

Avtur 4.2 -- 16.8 66.7 66.3 58.4 46.0 5.4 10.9 -- -- --

Kerosene -- 9.8 32.2 25.4 41.9 -- -- 48.4 S5.8 8.8 44.6 15.4

Automotive Diesel -- 9.2 26.7 82.7 198.6 42.6 110.9 183.9 405.9 131.2 13S.8 131.6

n/ Provisional

Soiare: Ceylon Petroleum Corporation



Table 3.5 Consumption of Petroleum and Eectricity Products

1975 1976 1977 1978 1979 1960 1981 1982 1983 1984 19s6 1966

(Est;-at.)

Petroleum Products
(Metric Tons)

LPG C/ 582 807 3,108 2,432 6,404 7,110 6,683 8,197 7,1S0 8,178 11,278 16,476

Gasoline 96,067 101,065 111,491 129,994 116,146 107,691 109,028 114,217 117,477 118,831 121,678 130,624

Kerosene 209,764 206,598 212,593 244,832 229,918 188,268 166,266 174,098 159,146 150,926 153,665 164,182

Diesel, Automotive 245,516 267,667 261,9868 30,792 349,404 397,710 420,912 464,694 464,268 495,721 488,497 467,832

Diesel, Marine b/ 5,232 5,183 5,497 6,869 3,726 3,027 2,65s 5,616 7,829 3,902 778 513

Diesel, Industrial 37,314 38,e63 46,245 82,015 84,188 68,963 106,000 148,121 296,886 84,188 37,123 36,997

Furnace Oil, Domstic 143,664 126,578 135,630 162,6S6 183,639 269,731 240,326 247,138 263,098 218,913 142,783 129,048

Furnace Oil, Marine 20,108 20,088 18,762 21,233 16,099 12,887 22,884 26,974 26,881 9,397 85 706

Avtur 13,571 8,614 16,499 6,749 8,169 22,843 80,967 81,416 34,262 43,827 54,186 45,742

Lubricants c/ 15,848 19,696 14,933 17,346 18,899 21,312 20,430 20,614 20,715 21,039 20,635 20,516 

Bitumen 22,444 26,023 26,162 26,190 24,286 10,269 16,477 21,116 24,423 33,099 32,661 43,690

Naphtha -- -- -- -- -- 38,642 66,063 98,021 75,044 78,431 7,486 N.A.

Electricity Products (GUH): (Actual)

Domestic 84.9 95.2 106.5 119.2 153.2 190.8 216.6 258.3 804.8 316.9 346.4 877.0

Industrial 622.6 616.3 619.4 692.0 629.9 626.6 647.6 739.2 762.0 790.9 8650.4 922.0

Commercial 122.6 137.4 147.9 158.9 208.0 223.2 219.9 262.6 291.8 299.6 380.0 877.0

Authorities 222.2 287.3 262.8 275.9 296.3 338.5 360.6 417.5 433.0 457.7 502.1 546.0

Street Lighting d/ 13.0 13.5 14.0 15.0 16.0 16.5 8.5 8.6 9.0 11.4 11.8 13.0

Total 965.2 999.7 1.040.8 1,161.0 1,298.3 1,391.6 1,503.1 1,666.1 1,790.6 1,676.5 2,060.7 2,2a4.0

a/ Since March 1977, reflects transfers to Colombo Gas A Water Cowpany.

b/ Includes Marine Gas Oil, Marine Diosol Oil and Heavy Diesel.

c/ Other than marine and aviation lubricants.
d/ Estimated.

Sourc Ceylon Petroleum Corporation

Ceylon Electricity Board
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Table 3.6 Basc Energy Data from the Energy Balance Tables ('000 TOE)

Pre-Em1ergo AdJustment Interadi ate AdJustment Period
Period Period Second Oil Shock

1973 1974 1979 1968

Electricity Cons. 74 77 112 154

Imports

DIell 0 10 208 426
Fuel Oil 0 0 0 0
Crude Oil 180 157 1497 1537

Fuel tor Therml 0s.

Dilel 1.4 0.5 1.6 264
Fuel Oil 19 4.2 18 49.0

Non-conventional Energy Sources

Sri Lanka has access to a variety of economically viable, non-conventional
renewable energy resources--solar, wind, biomass and mini-hydro--which could
be utilized to meet some of the couuitry's energy demand in the medium term.

Solar Energy: Sri Lanka's location assures it of a relatively high and
uniform level of insolation which could be harnessed for both water heating
and crop drying. A very few households currently use hot water; the main
market for these heaters will initially lie in the commercial and tourist sectors.
The use of solar energy for crop drying is an important alternative to be
developed since tea and other crop processing industries consume over one
million tons of fuelwood (20% of total fuelwood consumption according to
World Bank figures) per year.
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Mini-hydro: While emphasis in Sri Lanka has been on large hydro power
schemes, about 10 MW of small schemes (5 KV to 250 KV range) have been
operating in the tea estates of the central region since 1925. However, these
have been abandoned because of the availability of cheap and reliable
electricity from the national grid. In addition to the rehabilitation of these
existing plants, potential sites for mini-hydro schemes exist in the central hilly
areas and in irrigation systems in the north central part of the island.

Other renewables: Apart from solar and mini-hydro, there are a number of
promising renewable energy applications. These include generation of biogas
from animal wastes, producer gas from rice husks and coir briquettes, wind
energy for water pumping and electricity generation in isolated areas.

At the outset, it was roughly estimated that all of these will contribute
only about 2% of total energy requirements in 1990, and less than 5% by
the year 2000. More detailed calculations regarding the role of new and
renewable sources was made later, through the INEP computer modelling
framework, but the orders of magnitude involved were not greatly effected.
Nevertheless even this modest contribution will be useful since it will help to
displace expensive imported oil and scarce domestic fuelwood at the margin.

Energy Demand by Source

Developing a detailed picture of sectoral energy consumption patterns in
Sri Lanka has been hampered by the absence of reliable data at a sufficiently
disaggregated level even for the commercial fuels; the inclusion of fuelwood
increases the margin of error because total consumption figures vary widely
according to the source. The estimate of fuelwood consumption for 1980
varies from 3.8 to 5.3 million tons. A major effort has been recently launched
to identify household consumption at a disaggregate level i.e. Urban, Suburban,
Rural, Estate, and Wet Zone and Dry Zone.

Nevertheless preliminary analysis suggests a typical energy consumption
pattern illustrated in Figure 3.2, where for commercial energy consumption
(oil and electricity), transport (54%) and industry & commerce (26%) are the
main users, with domestic demand amounting to 17% and other use 3%.
These shares change dramatically when fuelwood is included in the analysis;
domestic consumption then accounts for the major share of 68%, industry &
commerce 18%, transport 13% and others 1%.



COMMERCLAL ENERGY ALL ENERGY
ELECTRICITY OL E0R83) ELECTRICIlY, OIL & RJELWOOD (1983)

Domestks

Transport

C"l

hndushyv & /I 

Commenrcial Industry&1 Transport

Commercial

Figure 3.2. Sri Lanka Energy Cosumption Pattern (1983)



- 52 -

1. Fuelwood

The absence of reliable data on fuelwood makes it difficult to identify the
pattern in total energy demand and correlate it with economic variables.
Estimates indicate no major shift from non-commercial to commercial energy
sources over the last two decades. In fact the data points more towards the
increase in the consumption of fuelwood given increased prices of commercial
fuel like kerosene used for domestic cooking and lighting.

2. Commercial Energy

The consumption trends of commercial energy have closely reflected the
overall performance of the economy. Between 1970 and 1977, the near
stagnation of economic activity and growth in real incomes was reflected in a
largely constant level of commercial energy demand, with rising electricity
consumption being offset by an average 3.3% per annum fall in the demand
for petroleum products. With the liberalization of the economy, demand for
all forms of commercial energy has shown a sharp increase, showing an
average growth of 8.8% per annum.

3. Petroleum Products

From 1970 to 1977, the consumption of all petroleum products fell, with
the exception of LPG (used mainly for cooking) and auto diesel. This has
been in part due to the virtual elimination of petroleum based electricity
generation that followed the addition of new hydro electric capacity, and in
part due to the response of demand to the doubling of prices in a difficult
economic period. Since 1977, most products have shown increased growth in an
improved economic climate. The oil demand for thermal power generation has
shown more than average increases for diesel and fuel oil, dropping only with
tlle recent addition of Mahaweli hydro capacity. Only the consumption of
gasoline and kerosene has continued to fall after the post-1977 period. This is
a reflection of the price sensitivity of demand for both these goods.

4. Electricity

In contrast to petroleum consumption, electricity demand continued to
grow at an average annual rate of 7% during the 1970-77 period. This has
been due to: (a) the attractiveness of electricity as a source of energy since
there were no tariff increases during this period, while petrodeum prices rose
by more than 50% with the world energy crisis, and (b) the existence of a
potential untapped market for electricity. Consequently, the demand for
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electricity has shown less responsiveness to price and changes in the overall
economic performance than petroleum products. Since 1977 electricity demand
accelerated--electricity sales grew at an average of 9.6% annually until 1980.
This figure does not include the 3% reduction in demand due to prolonged
power cuts in 1980 which was enforced due to the high growth rate of
consumption and an unexpected and severe drought. The liberalized import of
electric appliances for domestic use has also contributed to the increase in
electricity consumption. The impact on the economy has been significant since
this demand had to be met with increased import of petroleum products for
thermal power generation.

Energy Demand by Sector

The energy demand sectors have been demarcated into four broad groups:
1. Industry/Agro-industry; 2. Transport; 3. Household/Agriculture; and 4.
Government, Commercial and Others.

1. Industry/Agro Industry

The industrial sector accounts for more than 50% of electricity
consumption, about 1/3 of petroleum consumption and also 1/4 of the
fuelwood used in the country. Fuelwood is an important source of energy for
Agro-industry in the rural areas, (e.g. tree crop processing). Eighteen large
industrial organizations in the public sector account for 35% of total electricity
sales; while ten large private companies account for over half the sector's
petroleum consumption.

2. Transport

This sector depends entirely on petroleum products for energy, and
transport accounts for more than half the total demand for petroleum. Diesel
is the predominant transport fuel (75% of the sales), which reflects the
extensive public transport network, and also the policy of pricing diesel well
below gasoline. As a result of this price differential, the proportion of diesel
car registration rose from 14% in 1978 to 35% in 1980. To reverse this
trend, the government in 1980/81 raised the price of diesel to 60% of the
price of gasoline, and increased the license fees of diesel cars to 3 times that
of gasoline cars. Since then, the growth of auto-diesel consumption has been
significantly reduced as seen in Table 3.5.

3. Household/Agriculture

While per capita energy consumption in Sri Lanka is low by international
standards and most households use energy for only cooking and lighting,
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the energy requirements in the household sector account for nearly half the
country's primary energy consumption. The bulk of household energy
requirements is met by fuelwood, which will continue to be the predominant
source for the next decade. Only 13% of the households have access to
electricity, and the consumption of kerosene, which is mainly used for lighting,
has been declining over the past decade in response to higher prices. The
demand for energy in this sector will continue to grow with increase in the
population and rising standards of living.

4. Government, Commercial & Others

This sector consumes about 1% of the total demand for energy in the
economy.

3.2 ENERGY POLICY COORDINATING FRAMEWORK

In late 1982, the President of Sri Lanka appointed a Senior Energy
Advisor (SEA) to accomplish the following broad tasks:

(a) Establish an effective organizational framework for overall energy
coordination and integrated national energy policy analysis and planning.

(b) Create a database, analytical procedures and systems to support
activities under task (a) above.

(c) Train and develop a team of energy specialists and other staff
required to support activities under tasks (a) and (b) above.

These objectives were largely achieved during the subsequent three years.
In the process of carrying out this longer-run overall program, a number of
urgently needed (and beneficial) specific activities were also carried out, such
as the preparation of the national energy strategy (NES), the national energy
demand management and conservation program (NEDMCP), and the national
fuelwood conservation program (NFCP). In brief, the SEA's work
encompassed regular policy advice to the President, overall staff training and
institution building efforts, and direct advice and support to line agencies on
energy management and policy planning aspects.
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Figure 3.3 shows the energy sector institutional framework in mid-1982.
One major drawback was the large and varied number of Ministries and line
agencies involved in the different energy subsectors, with inadequate
coordination among them:

(a) Electricity (Ministry of Power and Energy/Ceylon Electricity Board -
CEB; Maliaweli Ministry/Mahaweli Authority - MA); (b) Petroleum (Ministry
of Industries and Scientific Affairs/Ceylon Petroleum Corporation - CPC); (c)
Fuelwood (Ministry of Lands and Land Development/Forestry Department -
FD); and (d) Overall science and energy policy, and research and
development (Natural Resources, Energy and Science Authority - NARESA).

In general, energy policy up to 1982 tended to be subsector focussed, ad- X
hoc, and supply oriented--with insufficient emphasis on demand management.

In November 1982, President Jayewardene approved the setting up of an
Energy Coordinating Team (ECT) to help remedy this situation. The initial X
organization of the Energy Coordination Framework is shown in Figure 3.4.
A special effort was made to ensure policy coherence in the commercial energy
subsectors (oil and electricity), through improved links between ECT, CEB,
CPC and MA. A similar strengthening of coordination with the fuelwood
sector through the FD was also pursued.

The rationale underlying the ECT concept was that the new framework, in
the first instance, was not intended to be another bureaucracy that would seek
to control the energy sector. The objective was to coordinate and facilitate
the work of relevant Ministries and existing line agencies, prevent duplication
of effort and policy conflicts, supplement weak or neglected areas in the energy
sector, and provide direct advisory inputs to the President. In any case,
major structural changes in the organization of the energy sector could not be
undertaken in the short-run. The ECT framework was the most practical
method of initiating and carrying out urgently needed tasks in the sector,
without undue disruption of existing activities. As the ECT matured and
experience was gained in energy coordination, some further organizational
changes in the energy sector were gradually inmplemented, as described in the
next section.

ECT consisted primarily of 3 coordinating task forces (CTF's) that covered
the following areas:

(a) Energy Planning and Policy Analysis (EPPAN);

(b) Energy Efficiency, Demand Management and Conservation (EDMAC);
and

(c) New, Renewable and Rural Sources of Energy (NERSE).
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Each coordinating task force (CTF) had as members 6 to 8 senior
managers fromi the relevant organizations, who were seconded to help in ECT
activities. The CTF's were chaired by the SEA, and initially met once a
month. Major policy decisions agreed on at CTF meetings would normally be
conveyed to the President through the SEA and if necessary, reach the
appropriate line agency through the Cabinet. Agreed policy was also conveyed
directly to concerned line agencies, through the relevant members. This
facilitated speedy and accurate implementation of policy, and practically
eliminated potential conflicts between the ECT and operating energy
institutions.

X CTF members were also obligated to carry out studies and/or provide
data as requested at meetings. Meanwhile, each CTF also had a number of
associated working groups (WG's) on specific topics (each responsible to a
CTF member). WG's met quite frequently and normally submitted their
recommendations to the appropriate CTF for approval and follow-up action.
Several important WG's including those on Energy Modelling, Energy
Economics, Industrial Energy Conservation, Transport Energy Conservation,
Electricity Pricing, Electricity Loss Reduction, and Producer Gas were initially
under the direct supervision of the Senior Energy Advisor, in order to build
up rapid momentum. However, as the work progressed, the responsibility for
the supervision and guidance of many of these WG's was delegated to others,
thus relieving the workload of the SEA and building up management
capability.

While the ECT was originally set up as an inter-ministerial coordinating
body, it became apparent that the CTF's would need more support staff to
carry out various activities not covered by existing energy bodies (e.g., energy
conservation)--thereby freeing the CTF's themselves to focus attention almost
exclusively on their primarily policy-oriented role. Thus, during the first 18
months or so, the ECT support staff grew from one coordinating officer, one
administrative officer, and one typist, to one experienced administrative official
(Ministry assistant secretary for energy), 3 coordinating officers, over a dozen
professional staff (some seconded on a part-time basis), two computer systems
analysts, three clerks, three typists, and other minor employees.

/ All the ECT staff were either drawn from the Ministry of Power and
Energy (MPE) or seconded there from other bodies. Therefore, the entire ECT
gradually began to fall more under the Ministry of Power anid Energy, while
retaining its inter-ministerial policy coordinating role. These developments
essentially permitted MPE to take a greater responsibility and build more
capability in the energy area--an aspect that had been largely neglected prior
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to 1983, due to the MPE's almost exclusive preoccupation with the CEB and
electric power. This evolution is shown in Figure 3.5, which was the
organizational structure by about mid-1984.

As indicated earlier, the Ceylon Petroleum Corporation (the state oil
company) was a part of the Ministry of Industries in 1982. Following strong
arguments presented to the President from 1983 onwards, and considerable
debate, this key institution was shifted over into the Ministry of Power and
Energy in early 1985 (directly under the President). The Lanka Electricity
Company (jointly owned by the CEB and Ministry of Local Government and
Housing) was created in 1984 to gradually take over independent electricity
distribution networks, hitherto operated very inefficiently by the local
authorities or municipalities. These structural changes greatly strengtheiied
policy coordination in the commercial fuel sector (i.e., electricity and oil
products).

The management of the ECT was also strengthened by the appointment of
Deputy Chairmen for coordinating task forces. In early 1985 an additional
secretary (energy) was brought into the MPE to understudy the SEA. When
the SEA completed his 3-year assignment in late 1985, the ECT was placed
directly under the control of the Secretary, MPE, with the Additional
Secretary (Energy), Deputy Chairmen of the CTF's, and the Assistant
Secretary (Energy) forming an executive group to help run the ECT. The
energy coordinating framework was therefore well established, and functioned
effectively.

The principal activities of the three Task Forces are given below:

1. Energy Planning and Policy Analysis (EPPAN)

EPPAN sought to meaningfully integrate all energy sector activities, and
its time perspective was also basically medium-to long-term in nature. One of
EPPAN's most important goals was to identify the overall objectives of
national energy policy, and then attempt to define a national energy strategy
(NES) that met these objectives (see Chapter 8 for details). A comprehensive
computerized energy database was also set up. EPPAN reviewed the
disaggregate supply and demand projections for oil, electricity and fuelwood,
provided by other organizations.

2. Energy Demand Management and Conservation (EDMAC)

EDMAC included a number of short- to medium-term activities aimed at
increasing energy efficiency and eliminating waste in both the energy supplying
and consulming sectors. The National Energy Demand Management and



- 60 -

PR?ESIDENT 
(Minister ot Power & Energy)

| CABINET 

OTHqER ________________ MINIT5RY OF
MINISTRIES & POWER &

DEPARTMENTS _OFRCE OF ENERGY
TH E SENIOR _ __

ENERGY
ADVISOR

L=
C B

ECT ECT
Executive Group Support Staff

COORDINATING TASK FORCES

Energy Planning Energy EfficiencyDernand
& Policy Analysis Management & Conservation New,R. en & Rural

(EPPAN) (EDMAC) Sources of Energy

CPC = Ceylon Petroleurn Coparton WG = Working Group
CEB - Ceybon Electricity Board
LECO - Lanka Electricity Company - Direct Unk
ECT Energy Coordinating Team - L-a-- asan/Consultation

Flgure 3.5. Energy Sector Institutional Framework (Mrd-1 984)



- 61 -

Conservation Program (NEDMCP) focussed on industry, commerce, transport,
households, agriculture, and energy supplying institutions (see Chapter 6 for
details). Coordinated application of policy tools, including rational energy
pricing, was stressed.

3. New, Renewable and Rural Sources of Energy (NERSE)

The principal focus of NERSE was to:

(i) coordinate R&D activities in this area that are now being carried out
by a large number of research organizations and universities;

(ii) carry out technical, economic and financial reviews of these
technologies, in order to identify the ones which would be most
promising from the actual energy viewpoint; and

(iii) promote, finance and encourage commercialization of these selected
technologies.

The highest priority of NERSE was qutickly identified as the National
Fuelwood Conservation Program (NFCP), involving the speedy dissemination of
improved cooking stoves to about 2.6 million Sri Lankan homes (see Chapter 4
for details).

3.3 HIERARCHICAL INEP MODELLING FRAMEWORK

INEP Procedure

Energy planning involves a number of analytical steps for which computer
models can be useful: energy demand forecasting, supply-demand balancing,
impact analysis, and so on. In Sri Lanka, such activities were first carried out
at a relatively simple level as energy planning activity commenced, and only
later, as data and staff capabilities improved, were more sophisticated
techniques introduced. Indeed, it is one of the most important lessons of the
energy planning experience of the last decade that the key to any successful
modelling activity is to match the level of modelling detail and sophistication
to the training and experience of the technical staff.

A second criterion for the design of a modelling framework for Sri Lanka
was to match it with the institutional structure. The essentially hierarchial
nature of the planning process itself, as noted in Chapter 1, therefore
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demanded a corresponding approach to any modelling effort. Thus the
modelling framework had the same three levels as the planning process itself.
At the first level were the subsectoral models corresponding to the line
agencies such as the CPC and CEB responsible for execution of policy and
day-to-day operations. At the second level was the energy-sector-wide
integration, the focus of the ECT. Finally, at the third level was the
integration of the energy sector with the other sectors of the economy,
institutionally the domain of the Ministry of Finance and Planning. The
modelling system, whose main elements are shown on Figure 3.6, reflects the
institutional structure.

The Analytical Approach

The process begins with an analysis of the macroeconomy in the first of
three modules of the ENMAC macroeconomic accounting framework. The
output of this step includes projections of the sectoral decomposition of GDP
and non-energy merchandise trade. The energy-macroeconomic accounting
framework is presented in more detail in Chapter 6.

The RESGEN energy model, described in more detail below in Appendix
3.1 is run next. The demand equations in this model are driven by the GDP
estimates passed from the macromodel. Other inputs are passed from the
more detailed sectoral models: the refinery configuration and yield coefficients
from the refinery optimization niodel, and the estimates of fuelwood demand
from the fuelwood model.

As part of obtaining the energy supply-demand balance, RESGEN
estimates which energy facilities must be built to meet the demand, thereby
providing a year-by-year estimate of investment requirements. The basis for
the electric sector investments, which account for the bulk of total energy
investment, is the generation plan of the CEB. Because different demand
scenarios result in changes in the future electric load growth, the analysis
includes an examination of the timing of capacity increments. An optimal
dispatch model built into RESGEN also provides detailed estimates of CEB
fuel consumption as a function of plant availabilities, hydro energy limitations,
and the system load factor.

The investment outlays, and their concomitant debt service obligations, are
passed back to the macromodel together with the oil import bill (and the
smaller earnings from bunkers and petroleum product exports). These energy
sector transactions are merged with the non-energy transactions in a second
module of the macroeconomic model. Finally the third module provides overall
estimates of the balance of payments, the financing necessary to cover the
external resource gap, the debt service ratio, and other macroeconomic impacts.
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The RESGEN energy model passes the domestic energy transactions (e.g.
sales from the CPC to the distributors, or CEB sales to consumers) to the
EFAM Energy Finance Assessment Model, which assembles a picture of the
energy sector financial flows among the key institutions and consumers in the
sector. EFAM also provides estimates of the Government revenue from the
sector (from petroleum product taxes, the Business Turnover Tax on energy
institutions, customs duties, etc.). The financial flows are obtained by
multiplying the physical energy flows (from RESGEN) by the appropriate set
of prices and taxes. EFAM can therefore be used to assess the implications
of alternative energy pricing and taxation schemes.

As observed in Chapter 2, one of the unique features of RESGEN is that
it allows three different types of demand structure (that can be used
simultaneously): (i) econometric specifications (similar to ENERPLAN); (ii)
project specific demands (that allows the user to modify demands according to
the specific fuel inputs (or outputs or fuel substitutions or fuel use reductions
from conservation); and (iii) process models (in which fuel demands are built
up from a projection of end-use devices).

The basis for the electric sector calculations is a plant-specific dispatch
into a linearized load duration curve. The dispatch algorithm maps individual
plants into the vertical blocks of the load duration curve based on the
respective capacity availabilities. Again, with the institutional considerations in
mind, the plant list takes the form of alternative capacity expansion plans as
might be generated by a more detailed capacity expansion model such as
WASP. There is explicit consideration of the energy constraints of hydro
plants, and the algorithm can be shown to provide the optimum dispatch in
mixed hydro-thermal systems.

The Scenarios

Since one of the most important aspects of the energy planning process is
the treatment of uncertainties, an initial distinction is made between the policy
options that lie under the control of the Sri Lanka Government, and those
external factors over which the decision-maker has no control. Among the
most important of these external factors are the world oil price, the overall
state of the world economy that determines the external trade environment,
and such factors as the level of interest rates on external debt. Because of
the dependance of the electric sector on hydro electricity, rainfall variations
represent another important source of uncertainty.
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It is also important to note that the analytical study reported here was
carried out in early 1985. Although this volume also includes some recent
information, the presentation of the original analytical work has been left
essentially untouched so that the reader may follow the process by which
decisions were made, based on the technical studies available at the time. For
example, the world oil price scenarios that are presented below do not reflect
the prices declines of early 1986. Thus, the approach taken in this volume is
not to revise these scenarios with the benefit of perfect hindsight, but rather
to assess the degree to which the decision taken on the basis of the best
forecasts available in 1985 have proven to be sufficiently robust.

Economic Growth. Ideally, one would wish to project the domestic
economic growth rate as a function of domestic policy and the external
environment. However, the present state of the art of macroeconomic
modelling is such that great difficulties are still encountered in quantifying
some of the key relationships. Indeed, the experience of Sri Lanka since the
economic liberalization of 1977-1978 disproves much of the common wisdom
concerning the short-term impact of external shocks, and oil price increases in
particular, on the rate of economic growth.

Due to these reasons, the domestic growth rate was used as one of the
exogenous assumptions of the analysis: Three scenarios of GDP growth were
posited over the period 1985-1995 ranging from a high case of 5.5% GDP
growth through 1995 to a low case of 3.5% growth to 1990, falling to 2.5% in
the early 1990's.

The base case assumes a 5.5% growth from 1984-1988, which is consistent
with the projection of the Ministry of Finance and Planning (MFP) in its last
annual report on Public Investment, available at the time this study was
carried out. From 1989 to 1995 it is assumed that the rate falls to 4% per
year. This scenario implies a continuation of the growth trend over the 7
years since the economic reforms were introduced by the incoming
administration in 1978. Even though this trend was maintained during a
period of severe external shocks--the oil price increase of 1979-1980, sharp
increases in the price of imported goods due to worldwide inflation--as well as
falling world market shares of the international tea and rubber trades, growth
rates in the late 1980's in excess of this trend seemed most improbable.
However, a case in which the 5.5% rate is maintained through the mid 1990's
is examined.

There were, on the other hand, a number of reasons for the GDP growth
rate to be substantially less. There was no guarantee that Sri Lanka's
significant growth in manufactured exports would continue, which together with
the increasing external payments burden may have begun to cause dislocations
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in the economy. The low scenario therefore posited a GDP growth rate of
3.5% to 1989, falling to 2.5% in the period 1990-1995. The GDP scenarios, in
constant 1984 prices, are illustrated in Figure 3.7. It should, of course, be
noted that these scenarios are not in the nature of forecasts or predictions,
they were used in this study for the sole purpose of examining the
consequences of energy policy options under different sets of conditions(4).

Oil Price. The future condition of the world oil market is extremely
difficult to forecast. Moreover, the complexity of the market, with the
intricate interactions between the prices of different crudes and petroleum
products, further complicates the situation for a small importing country such
as Sri Lanka. As discussed in more detail in Chapter 5, even without some
cataclysmic disruption to the world oil supply situation, significant near-term
changes could occur in the petroleum product market in Southeast Asia as the
new refineries in the Persian Gulf come on stream. Therefore, although the
landed price of crude was used as the index of world oil price, it will be
shown that the interplay of petroleum product prices around this level has-
implications for Sri Lanka of the order of millions of dollars per year.

In the high world oil price (WOP) case, constant real prices are assumed
until 1988, followed by an annual increase of 4% thereafter (again in real
terms). This brings the 1995 price to about the levels experienced at the very
peak of the oil crisis in the early 1980s. (The 1984 average c.i.f. Colombo
crude price was US$214/tonne(5)).

The low WOP case assumes constant real prices until 1989, with a 1%
per annum real price increase thereafter. Again it should be stressed that
these scenarios were used (and are reported here) for indicative purposes only,
rather than to imply a judgement as to the likely price path of the world oil
price. Indeed, the entire thrust of the national energy strategy is the
identification of policy initiatives that are robust under the expected
uncertainties. The two scenarios examined are shown on Figure 3.8.

Hydrological Uncertainties

A national energy strategy must be concerned with short-term as well as
long-term issues, of which temporary disruptions to the supply are among the
most important. As Sri Lanka becomes more dependant on hydro electricity,
the ability of the Ceylon Electricity Board to cope with drought years also
becomes more important since most of the major iimpoundments are
concentrated in a relatively small area of the hill country. The impact of a
failure, delay or abnormal monsoon can be potentially quite serious, as
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evidenced by the situation in 1983. Two cases of hydrological outcomes were
examined: the current planning basis of the CEB that is based on firm plus
25% of secondary hydro energy (see chapter 5 for details of hydroelectric
generation), and a case based on firm hydro only (that corresponds roughly to
a 1 in 50 year hydrological event). It should, of course, be noted that there
is a 1 in 5 chance that this event will in fact occur at some time over the
next 10 year period. Table 3.7 presents the energy levels from hydro plants
associated with these two cases.

Table 3.7 Energy from Hydroelectric Plants

Base Case Firm Hydro Only
(Firm + 26S Secondary) (1 In 60 years)

Non-Mahawoll hydro plants 1697 1509
Victoria 767 696
Kotmale 868 815
Randenigala 390 3ee
Broadlands 95 86
Rantembe 18 166

Source: CEb

The Analytical Design

The analytical design for the model runs is shown on Figure 3.9. In
constructing the overall scenarios, one obvious issue is the degree to which the
world oil price and GDP assumptions are correlated. Increases in the oil price
is only one of several types of external shocks that Sri Lanka has experienced
(and will experience in the future), and the adjustment mechanisms to these
external shocks can be quite complex. Thus, it is not possible to forecast a
direct impact on GDP from a given oil price shock (as the experience of Sri
Lanka in the years 1977-1982 reflects very well). Indeed, the impact of the
relative ease with which Sri Lanka was able to adjust to the shocks of the
1970's, of which additional external financing was a major part, will only now
be felt as the debt service obligations become due. For the same reason, the
fact that oil prices are currently falling in real terms does not necessarily
imply a faster domestic growth rate.
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Given these circumstances, the basic modelling design is structured around
the four possible combinations of oil price and GDP growth. In the case of y
the electric sector analysis, we also include the hydro-energy uncertainties.
Onto these basic scenarios, which capture the exogenously determined factors,
we superimpose a series of cases that reflect the policy interventions under
consideration. These include initiatives for energy conservation, electric sector
demand management, pricing, fuelwood plantation and cookstove programmes,
refinery management and oil import strategies, fuel substitutions, and others.
The details of these strategies are presented in the chapters that follow.
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APPENDIX 3.1

Reference Energy System Models in the U.S. and Europe

The Reference Energy System (RES) was developed in the early 1970's at
Brookhaven National Laboratory as a framework for energy analysis in the
United States. Its key ingedient is the portrayal of the energy system in
network form, in which the production, transformation and utilization of energy
is portrayed as network links. Great emphasis was placed on the structure of
end use demand, with energy demands projected as much as possible on
physical outputs (tons of steel produced, vehicle miles travelled etc.). The
network simulation version was known as ESNS (for energy systems network
simulator), while the Linear Programming version was known as BESOM (for
Brookhaven Energy System Optimization Model). Subsequently the model was
linked with the University of Illinois Input/Output model, and the Hudson-
Jorgenson model of the U.S. economy. In this form it was used for a number
of years by the United States Energy Research and Development
Administration (ERDA) as a basis for their annual plaining exercises.

Conceptually similar is the ensemble of models developed for the
Commission of European Communities, that also draws on the work at the
Institut Economique et Juridique de L'energie at the University of Grenoble.
Well known models such as MEDEE and EFOM have been adopted by
Systems Europe into a variety of medium- and long-term, national and multi-
nationial models. But in fact some years prior to this, in 1979-1981, Manne
and Goreux at the World Bank's Development Research Center had already
developed ENERGETICOS, a process model linear program for Mexico (and
probably one of the first such LP's developed expressly for a developing
country energy sector).

These models profoundly influenced the subsequent development of energy
models for developing countries. For example, BESOM was the conceptual
basis for the MARKAL model developed jointly by BNL and the
Kernforschungsanlage in Juelich, West Germany for the International Energy
Agency (IEA). The MARKAL model, a large scale, dynamic linear
programming model, has since been applied to a number of developing
countries (e.g. example the Indonesian government has receiitly acquired the
model for use in its long range planning studies). The EEC models were used
as the basis of the Energy Master Plan models of Thailand. Indeed, by the
late 1970's, such linear programming models were very much in vogue.
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The RESGEN Energy Model

The RESGEN energy model was designed specifically for microcomputer
implementation, and specifically for developing countries, and has become one
of the more widely used software packages for energy planning in developing
countries. In addition to Sri Lanka, it has been used by national energy
planning agencies in Indonesia, Thailand, Haiti, the Dominican Republic and
Morocco, among others. In fact, because of its flexibility, RESGEN is perhaps
more precisely described as a software package to generate models, rather than
as a model per se.

The key innovation in RESGEN, relative to the RES models described
above, is that the fixed network structure, with its rigid, software-defined node
and link structure, is abandoned in favor of a totally flexible structure in
which the user can create (in an interactive editor), networks of arbitrary
structure; indeed, the software can be used for any other sector that lends
itself to a network representation. This flexibility is reflected in the diversity
of applications, ranging from analysis of the rural energy sector in Rwanda, to
the sophisticated, multi-regional model used by the Ministry of Energy in
Indonesia.

The basic computational concept is illustrated in Figure A.3.1. The
network is sliced vertically into vectors (or arrays); as one moves from right
to left (from demand to supply), each successive vector is calculated from its
predecessor by a matrix transformation:

n l = (n x m) (m x 1)

Special operations, such as the electric sector dispatch, and the
incorporation of project level information, require some special operators.
However, the software package itself does not require manipulations in matrix
algebra.

RESGEN is designed to be used together with LOTUS 1-2-3; input
information can be drawn from LOTUS spreadsheets, and output information
can be transferred to LOTUS (or to ASCII files) for further graphics
presentation. Model verification is made easy by the fact that intermediate
output can be generated at every stage of the network calculations. The
supply/demand balance is presented in conventional form, and can be custom
designed by the user.
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When the modelling efforts in Sri Lanka were commenced, in late 1983,
LOTUS 1-2-3 was some six months old in its version 1A. Whilst it
represented a major advance over older spreadsheet programs like VISICALC,
its so-called macros had few attributes of a programming language. Even
relatively simple manipulations required tedious formulations that were difficult
to understand and debug. Moreover, with most machines available in
developing countries still based on 8088 microprocessers, macros were extremely
slow to execute. Compiled, FORTRAN based programs, with assembly
language subroutines for screen manipulation and the like, therefore represented
the optimum choice for RESGEN in mid-1983, with LOTUS 1-2-3 based
spreadsheets used only for the inherently tabular structure of the
macroeconomic accounting framework. Nevertheless, some successful spreadsheet-
based energy models were developed in this period. A LOTUS 1-2-3 based
system was developed by the Asian Development Bank Energy Department for
its internal use, and a LOTUS Symphony based model was developed by the
Staff of the Costa Rica Energy Planning Commission.

However, with the release of LOTUS version 2, many of the earlier
problems were resolved and the extended macro language was brought to the
level of a true programning language. Moreover, with the great success of
LOTUS 1-2-3 came a multitude of third-party software that provided
enhancements and extensions. But perhaps most important from the standpoint
of its potential use in developing countries, LOTUS 1-2-3 almost everywhere
had become the de facto programming standard, usually the first software
package (together with word processing) learned by new users of
microcomputers. Finally, with the much higher speeds of the 80286-based IBM
AT and its compatibles, the relatively slow execution of macros eventually
became less of a problem.

Thus, in 1986, RESGEN was completely rewritten into LOTUS 1-2-3, and
used as a basis for the new Morocco Energy Planning Model for the Ministry
of Energy and Mines, and for the Pakistan Energy Model of the ENERPLAN
agency. In both countries the LOTUS 1-2-3-based RESGEN is being used to
support the preparation of their 5-year plans.
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CHAPTER 4

FUELWOOD

4.1 INTRODUCTION

The natural forest area of Sri Lanka has declined dramatically over the
past few decades. By 1981, the natural forest cover was about 16,300 km2 (or
24% of total land area), having declined to almost half the 1956 area of
29,000 km2 . In the absence of major policy initiatives to reverse this trend,
further sharp declines can be expected.

Excessive consumption, waste, and inefficient use of biomass have
contributed to the depletion of forest resources. Because most of the
deforestation in Sri Lanka has occurred in the dry zone which is not heavily
populated, domestic cooking needs are not the only major cause of
deforestation. Rubber wood from plantations currently make up a large
portion of the commercial fuelwood sold to households, especially in Colombo
(the biggest market). In addition, most Sri Lankans do not purchase their
fuel, so the market demand for domestic fuel is not great enough to have been
the sole culprit for deforestation. In summary, the five main reasons for the
drastic decline in Sri Lankan forest cover are:

1. Expansion of agricultural land. This is most often the "slash and
burn" approach, with the felled trees being only partially utilized
--a very wasteful use of resources that provides poor agricultural
yields and low financial returns (see Pushparajah 1981).

2. Fuel for agro and rural industries, e.g., tea, brick, tile, paddy, lime,
rubber, coconut, tobacco, etc.

3. Commercial timber extraction (legal and illegal).

4. Domestic fuel use.

5. Forest fires.

A number of serious consequences can be expected from further losses in
the forest cover. First, it should be noted that fuelwood is the nation's
principal source of energy (see Figure 3.1), and will remain so for some time-
-in 1983 fuelwood accounted for 67% of the primary energy supply, and 38%
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of useful consumption. However, if the forest cover declines much further,
fuelwood shortages can be expected, with the result that fuelwood prices,
especially in the urban areas, may rise dramatically. This, in turn, will cause
many users to switch to electricity or imported petroleum products like
kerosene and LPG for cooking needs. Second, the unchecked deforestation will
inevitably lead to serious environmental consequences such as erosion and loss
of watersheds, which in turn will have adverse effects on agricultural
production and hydropower generation, respectively.

The remainder of this chapter analyses the worsening fuelwood problem,
and describes policy options to address the issues involved. In the short- to
medium-run, the National Fuelwood Conservation Program (NFCP) launched in
1984 seeks to rapidly replace the existing inefficient domestic woodstoves with
more efficient ones in about 2.6 million households. The early launching of an
accelerated reforestation program is also recommended (and has already been
initiated partially) to supplement the NFCP in the medium- to long-run.
These results are confirmed through systematic computer modelling studies.

4.2 THE NATIONAL FUELWOOD CONSERVATION PROGRAM

The more efficient and sparing use of present supplies of fuelwood is the
only effective short-term measure available until the long-term reforestation and
silviculture programs begin to show results. Most of the households in Sri
Lanka still employ the traditional hearth (consisting of 3 stones) or
alternatively, the semi-enclosed hearth, for cooking. Although this is cheap
and convenient, it is extremely wasteful of energy. Under these circumstances,
improved types of fuelwood stoves are of great importance, since they provide
significant potential for fuelwood conservation.

In many developing countries including Sri Lanka, it has been
demonstrated that considerable savings could be made by using such improved
stoves. In fact, if widely used, such stoves could have a substantial effect on
the demand for firewood.

Several local organizations like Sarvodaya, CISIR, IDB, State Timber
Corporation and the CEB, have already made some efforts in the design or
field testing of improved stoves. Experience gained by these organizations have
proved valuable for future programs, although widespread dissemination was
not achieved. Some of the constraints which have impeded- progress in the
past can be identified as:
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1. Absence of systematic government support.

2. Lack of funds for implementation of extension programmes.

3. Absence of an institutional framework for wide-spread dissemination.

4. Designs unacceptable to users being disseminated.

5. Lack of women participation in extension programmes.

6. Lack of trained personnel.

7. Lack of general awareness of the need for firewood conservation and
means available to aid conservation.

The Improved Cookstove Programme

The isolated efforts of individual organizations were not very successfiul in
thle popularization of improved stoves due to the problems mentioned earlier.
In 1983, the Task Force on New, Renewable and Rural Sources of Energy
(NERSE--described in Chapter 3) formed a working group to embrace all
organizations actively involved or interested in fuelwood conservation. This
step permitted proper planning and implementation of a long-run strategy, arid
also helped to work out the machinery for management and coordination of a
programme of action.

However, it was realized at an early stage that a single organization
could not be expected to successfully perform all the activities required for a
mass popularization and dissemination programme. Through the NFCP
framework, it was found to be. possible to make use of the existing
institutional framework of participating organizations, rather than to set up a
new (and redundant) organization. The existing organizations already had
excellent extension services and community development programmes which
could be successfully used in a stove programme. The NFCP provided crucial
policy coordination, as well as supplementary technical expertise and other
relevant assistance to these operating organizations.

More specifically, the National Fuelwood Conservation Programme (NFCP)
launched by the NERSE Task Force is a course of actioir for widespread
dissemination that includes the following objectives:
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1. Sensitization: People must be made aware of the need for firewood
conservation and the availability of the means to achieve this end.

2. Demonstration: Effectiveness of the stove must be demonstrated to the
satisfaction of potential users. This guarantees the demiand for improved
stoves.

3. Production: An adequate supply of stoves must be ensured to meet the
demand. This would involve setting up of a network of centralized and/or
decentralized stove workshops employing local potters.

4. Installation and Dissemination: Installation of the Sarvodaya stove will
have to be made in the home by the stove builders, while other models like
the Cisirlipa can be centrally produced and sold in small shops (or retailed).

5. Training: This activity involves:

a. Training of potters to make the pottery liner.
b. Training of stove builders.
c. Training of extension workers to promote the use of stoves and to

provide technical advice.

6. Follow-up: This involves:

a. Maintaining contact with the users and dissemination network, to
find out incorrect methods adopted in installation and use, and to
remedy them.

b. Providing advice on suitable changes in future designs and
procedures to be adopted in dissemination.

7. Financing: It is necessary t(y find funds to implement the objectives
mentioned above. Although some organizations may manage to finance some
activities, the overall amounts available are likely to be inadequate. Therefore
sources of finance as well as contributions in kind will have to be identified.
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In order to reach most of the 2.64 million households in Sri Lanka, the
NFCP consists of a phased campaign:

Year No. of Stoves to be Disseminated

1984 15,000
1985 50,000
1986 150,000
1987 400,000
1988 800,000
1989 1,250,000 1/

1/ Steady state value assuming each clay stove has a 2-year lifetime.

The NFCP was designed to begin slowly because of the need to train
potters, build up production capability, and simultaneously create the demand.
Careful coordination was required to prevent a situation where demand exceeds
supply---resulting in unfulfilled expectations, sub-standard and inefficient stoves,
high stove prices, etc.

The benefits to be realized by introducing more fuelwood efficient stoves
are summarized in Table 4.1. Details of economic and financial calculations are
given in Appendix 4.1. Technical details of the stoves and their performance
are summarized in Appendix 4.2.

Even though the traditional open fire is basically used for cooking, it also
serves diverse purposes such as lighting, preserving food, preserving thatched
roofs, reducing insect population etc. Therefore for successful dissemination,
the design of a stove must take into account not only fuel efficiency but also
a variety of end-uses. Flexibility in the use of a variety of bio-mass fuels is
also important since this is a major advantage of the open fire. Development
of designs therefore required inputs not only from engineers and scientists, but
also from social scientists, extension officers, production and marketing experts,
and most importantly, users.

Production approaches, too, differ depending on the design and the
locality for which it is designed. Thus, different production strategies were
devised for urban and rural markets. Even after a suitable design (there can
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Table 4.1 Benefits of Using Improved Wood Stoves

Note: Efficiency improvement = 20% greater than semi-enclosed hearth.
Capital Cost of Stove = Rs. 60.00

A. Fu.lwood Saving Benefits

NPV of Savings for 2 Years*
Number Firewood Saved (in Rs.)

of (in MT) Savings to Fin. Saving

Stoves After 1 yr. After 2 yrs. Nat'l Economy per Family

Urban =392

1 0.60 1.20 1,702 Rural = 79
Estato=319

15,000 9,000 18,000 25.63 Million

60,000 30,000 60,000 85.1 Million

200,000 120,000 240,000 340.4 Million

2.64 mn 1.684 mn 3.168 mn 4493.3 Million

e For details see Appendix 4.1 and 4.2.

B. Other Benefits

1. Reducing deforestation and its consequences.
2. Better job opportunities and income for potters and stove builders.

3. Improved safety, and improved hygenio conditions in kitchens.
Lower incidence of respiratory, skin and eye diseases generally

associated with traditional stoves.
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be many) and production strategies were identified, dissemination required
consideration of a host of social and other aspects. Furthermore, many
government and non-government organizations had to be brought together to
provide the appropriate teamwork for successful dissemination.

In summary, the whole exercise of introducing improved stoves consisted
of a series of complex activities for which no simple and obvious universal
solutions were available.

As indicated earlier, the NFCP was launched and coordinated by the
NERSE Task Force, with the Energy Unit of the CEB acting as the central
management group and orchestrating operations nationwide (see Figure 4.1).
The strategy of implementation was to make use of the existing village level
institutional infrastructure, primarily with the Assistant Government Agents
(AGA's) acting as local coordinators who manage a network of promoters,
stove builders and potters. Each person in the chain receives a financial
incentive per stove installed. This approach not only avoided the necessity for
a new organization for dissemination activities, but also permitted the use of
the authority, experience and close relationship enjoyed by the existing
institutions with the villagers. This is essential when introducing new concepts
and activities. Moreover AGA's have access to and authority over many
village level organizations which have proved to be very valuable for the
programme.

The programme was initially started in 5 key areas of the island: Kandy,
Mahaweli (H area), Ratnapura, Hambantota, and Badulla (see attached map),
and subsequently expanded to other regions based on the experience gained
earlier.

4.3 THE ANALYTICAL DESIGN

In order to assess the impact of policy initiatives in the fuelwood sector,
a simple supply-demand balance model was constructed of the fuelwood
subsector to the year 2010. Despite the obvious hazards of making projections
over such long time frames, the fact that fuelwood plantations will produce
only longer-term impacts mandate such a horizon.

The basic approach is to estimate total fuelwood consufiiption based on
current population trends and existing cookstove efficiencies, and then subtract
the contribution from sources such as rubber wood, crop wastes, and those
fuelwood plantations already underway. The balance is assumed to come from
natural forest cover, either from the sustainable yield (the growth increment),
or, should this source be insufficient, from actual felling. This permits an
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estimate of the area of the natural forest cover through time (See Appendix
4.1 and section 4.4 for greater details).

Onto this calculation can be superimposed the impact of specific policy
initiatives in the subsector, such as additional fuelwood plantation programmes,
the introduction of improved cookstoves, or the increased use of charcoal. For
reasons indicated below, some of the calculations must also be done on a
regional basis.

Fuelwood Consumption

Despite the central importance of fuelwood to Sri Lanka's energy sector,
data on the patterns of consumption remain poor. Until recently, the generally
accepted figure for 1980 consumption was some 5.2 million tons per year,
which was based mainly on theoretical calculations. In 1979, Bialy conducted
what appears to have been the first scientific survey of fuelwood consumption
in a village near Anuradhapura. The results indicated an average consumption
of 50kg per household per week, which he extrapolated on the basis of 2
million fuelwood-using-households, to 5 million tons per year. Bialy recognized
the hazards of such extrapolations based on the results of a very limited
survey of a single village, but his estimates were consistent with earlier
studies.

WUesinghe (1984) conducted a more extensive survey of 518 households in
a stratified ranidom sample that covered the entire island. Figure 4.2 shows
the locations of the sample households, and the zonal definitions. The results
indicated a much higher consumption figure than suggested by the earlier
studies, with a 1981 island-wide consumption estimated at 7.3 million tons (aii
estimate based on 1981 population census results). Despite some limitations in
the sampling design, these survey results are the best available, and should be
used as a basis for plaining.

Estimates of future consumption are subject to a number of uncertainties.
The procedure adopted in this report is to base future consumption on a
projection of total households (based on population growth), the assumption
that the fraction of households using fuelwood remains at the 1981 level (based
on the 1981 population census), and Wijesinghe's estimate of unit consumption
per household (adjusted, as noted below, for the introduction of higher
efficiency cookstoves).

Fuelwood Supply

Again the only scientifically based estimate of the composition of the
fuelwood supply is that of Wijesinghe. In addition to fuelwood from the
natural forest, a number of other sources are available, notably crop wastes
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and ruber wood. However, as indicated on Figure 4.3, there are very sharp
differences from region to region. Calculations based on the all-island averages
therefore mask very significant regional differences, and the impact of particular
policy initiatives (or their absence) will therefore also vary.

The Policy Scenarios

For purposes of analysis we define the following policy scenarios:

Case A: No cookstove program, fuelwood plantations based only on the current
programs (see Table 4.2).

Case B: Cookstove program as presently envisaged by the NRSE task force,
which calls for the targets for stove dissemination shown earlier.

Case C : As in Case B, but with a somewhat slower dissemination rate of the
new cookstove: assuming here that adoption of the new cookstove by the bulk
of households will be attained by 1995 rather than 1989.

Case D : As in Case B, but with the existing planting rate (for reforestation)
extended through 2000.

Case E : As in Case B, but with an increase in the planting rate to 15,000
ha/year by 2000.

For each of these cases, several model runs were made to reflect the
uncertainty in some of the key parameters:

Efficiency of the New Cookstoves

As expected, this is one of the most important assumptions. Present
expectations are that the improved stove designs will provide an efficiency
improvement of 25%, thereby reducing the per household consumption rate
from the present 2.3 tonnes/yr to about 1.8 tonnes/yr. Recent field
evaluations of the stoves suggest that this is conservative, and that actual
efficiency improvements may be as high as 38%.

Yield parameters

The calculation of forest loss due to fuelwood demands rests mainly on
two parameters: the sustainable yield (tons/acre of standing forest), and the
yield from clear cutting (tons/acre of forest cut).
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Even if these parameters were known precisely, the major problem is that
much of the sustainable yield is available in areas distant from the population
centers. In practice therefore, a substantial part of this yield may not be
available, leading to increased pressures for felling in areas closer to the
population centers. The sustainable yield is also a function of the climatic
regime, and hence of the region of the country, estimated as follows:

Wet Zone 4.7 tons/ha.
Intermediate 2.0 tons/ha.
Dry Zone 1.6 tons/ha.

Since the bulk of the forest resource is in the dry zone, for the national
model we vary the yield from 1.0 tons/ha to 2.0 tons/ha. As one might
anticipate, this proves to be one of the critical assumptions.

Table 4.2 The Current Plantation Program (in 1000ha)

1982 1983 1984 1985 1988 1987 1988

USAID 6.24 2.14 1.81 1.64 1.64 1.64 N.A.

IRD .81 .81 1.05 1.06 1.05 0.24 N.A.

CFP 1/ -- -- 3.0 3.00 3.00 3.00 N.A.

Mahaw,ll -- -- 0.6 0.6 0.5 0.5 0.5

DoF 2/ -- -- 1.00 1.50 1.50 1.76 2.0

Total 6.05 2.95 7.36 7.19 7.19 7.13 2.5

1/ Community Forest Project(ADB)

2/ Departmental Reforestation (Forest department)

4.4 ANALYTICAL RESULTS

Figure 4.4 shows the anticipated trends in total fuelwood consumption,
including both residential and industrial demands, with and without the
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cookstove program. A 2% annual rate of growth of households is assumed
(which may not necessarily correspond to the population growth rate, especially
beyond the year 1995). The impact of the cookstove program is to provide
an initial decline in consumption, followed by a resumption of the long term
trend once the stoves are adopted throughout the population. Depending on
the assumption made for the efficiency improvement over the traditional stove,
current consumption levels are again reached by 1998 (25% improvement), or
by 2006 (33% efficiency improvement).

Table 4.3 shows part of a typical supply/demand balance, as produced
by the fuelwood model, in this instance for Case B (with a 1989
implementation date for the cookstove program, and a 25% efficiency
improvement). The full table has 28 columns, covering the years 1983 to
2010. For example, in year 2000, total consumption is 9.468 million tons (all
figures in the tables are in 1000 metric tons). The current plantation
program, agricultural wastes and rubber wood provide some 5.55 mt, leaving
3.913 mt to be provided by the forest. The forest area in 2000 is estimated
at 1.257 million liectares, which provides an allowable cut of 1.257 mt. The
balance, therefore, is 2.656 mt, which is assumed to be provided by clearing.

On the assumption that I ha provides 116 tons when clear cut, 23,000 ha
will be lost in this year. Note that the area in 2001 reflects this loss (1257 -
23 = 1234); and thus the allowable cut in the following year is also reduced
proportionately (see Figure 4.5 for the assumed harvesting patterns for
Eucalyptus Camuldulensis, the species assumed for the fuelwood plantations.)

This compounding effect of a forest loss in a particular year leads to the
inevitable result of an accelerating rate of loss of forest, as shown on Figure
4.6. To be sure, policy interventions in the 1990's would undoubtedly correct
the severe deforestation projected in the absence of a cookstove program: in
any event, as noted earlier, price effects may tend to offset this once the
forest resource is seriously depleted, an effect by its very nature difficult to
predict quantitatively, and therefore ignored in these calculations. What is
clear, however, is the fact that once severe declines begin to set in, the pace
of deforestation accelerates, making interventions at a later time much more
costly. It is certainly obvious from Figure 4.6 that the absence of a cookstove
program leads to quite unacceptable consequences by the turn of the century.

The results of our two plantation program cases are shown on Figure
4.7. With the present plantation program extended through 2000 (Case D),
significant forest losses will still begin to occur after 2000.



Table 4.3 Sample Fuel ood Balanc

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2006 2006

Fuelwood Supply/

Demand Balanco

Total Consumption 8641. 8797. 8968. 9126. 9296. 9468. 9646. 9825. 10009. 10200. 10396. 10696.

Agricultural Waste 2709 2768 2819 2876 2933 2991 3061 3112 8174 3238 3803 3a89

Rubber Wood 1311 1811 1311 1311 1311 1811 lal 1811 1311 1311 1811 1811

Mahaweli 0 0 0 0 0 0 0 0 0 0 0 0

Current Plantation Progress 1241 1489 2349 1047 1041 1263 1449 1869 720 623 628 719

Additional Plantations 0 0 0 0 0 0 0 0 0 0 0 0

Balance from Forest 3380 3284 2479 3892 4010 3913 3884 8632 4804 6128 6164 6197

Area (Jan. 1) 1347 1330 1813 1303 1280 1267 1284 1212 1192 l1l6 1126 1092
Sustainable Yield (Tons)
...to Fuelwood Supply 1347 1880 1813 1303 1280 1267 1284 1212 1192 1161 1126 1092

Balance from Clearing 2032 1965 le 2589 2730 2656 3834 3632 4804 6128 5154 5197

Area Cleared 18. 17. 10. 22. 24. 23. 22. 20. 31. 34. 35. 38.
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It will take a plantation program of at least double the present planting rate
(Case E), to reduce the rate of forest loss after 2000.

These simulations also point to the relationship between the cookstove
programme and the plantation program. As shown on Figure 4.8, the
accelerated plantation program in the absence of a cookstove program fails to
arrest the rate of deforestation. In the absence of a cookstove programme,
even a plantation program of 5 to 6 times the present planting rate would fail
to reverse this decline, because of the time lag between planting and
harvesting, and because of the accelerating deforestation rate in the interval.
It follows that both a cookstove and accelerated plantation programme should
be initiated as a matter of some urgency.

Investment and Foreign Exchange Issues

A somewhat different way of assessing the impact of fuelwood plantations,
and indeed of estimating the value to the nation of the forest resource itself,
is to examine the opportunity costs involved. Every hectare of forest provides,
on a sustainable basis, a certain amount of energy, which, if lost, must be
replaced by petroleum product imports. Since the basic cooking needs of the
population must under all circumstances be met, continued erosion of the
forest area will require the importation of an equivalent quantity of petroleum
product (or possibly coal), which in turn requires an additional foreign
exchange outlay.

Figure 4.8 shows the results of an analysis of the net present foreign
exchange value of one hectare of fuelwood plantation. The assumed time
pattern of harvesting is as indicated on Figure 4.5, from which we can
calculate the energy value of the fuelwood harvest, and the useful cooking
energy delivered (by accounting for cookstove efficiency). If the same amount
of useful energy is to be provided- by a petroleum product, one can readily
derive the quantity of such a substitute, and its foreign exchange cost (see
Appendix 4.1 for the details of these calculations). Of course, offsetting the
value of the petroleum products displaced by the fuelwood is the debt service
obligation associated with the plantation investment.

To the extent that the natural forest would supply fuelwood needs not
provided by fuelwood plantations, then obviously no petroleum product
substitution is necessary. However, the discussion of the previous section
indicates that a dwindling natural forest area will be unable, to provide the
supply, and hence the calculations presented here are valid. Figure 4.8
indicates a significant NPV over wide ranges of input assumptions; indeed,
these estimates are conservative in that they do not consider the fact that the
utilizing devices for petroleum products (LPG cookers and the like) would
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require additional foreign exchange, whereas wood cookstoves are made from
local materials.

One of the more important points to emerge from these calculations
concerns the relationship between the cookstove program and the foreign
exchange value of the fuelwood: the higher the efficiency at which wood is
utilized, the greater is the value of each ton of fuelwood (or, equivalently, for
a given energy requirement, the less plantation investment will be required at
higher efficiencies).

Figure 4.9 enumerates the year-by-year foreign exchange flows associated
with a 5-year, 5000 ha/yr fuelwood plantation programme. Since the first
harvest occurs in the sixth year, there is an increasing debt service burden in
the short run. However, this is dramatically reversed in the sixth year. The
long-term benefits of the plantation program are quite obvious, whatever the
short-term impact.

4.5 CONCLUSIONS

Despite the great uncertainties in the data, the above analysis permits a
number of conclusions that should shape the scope and urgency of the policy
initiatives to be launched in the fuelwood sector.

1. Even under the most optimistic assumptions concerning the rate of
household formation, the sustainable yield, and the potential contributions of
non-forest sources to the fuelwood supply (agriculture wastes, rubber wood,
etc.), a national cookstove program is clearly absolutely essential. The
consequences of not proceeding with such a program will be catastrophic, with
an accelerating rate of deforestatioii'likely by the mid 1990's.

2. The speed with which the cookstove program is implemented proves to
be of utmost significance. Delays in the widespread dissemination of the new
cookstoves become increasingly serious as optimistic assumptions are replaced
by more pessimistic conditions. Thus, if the rate of household formation is
higher than expected, or the contribution from non-forest sources is lower, the
costs of delay become greater. Since the probability of the most optimistic
scenario considered here is small, the probable cost of delay is high.

3. Even an aggressively promoted cookstove program does not address the
long term problem, because of the one-time nature of the efficiency
improvement. As illustrated on Figure 4.4, while the cookstove program



Planlting Years

UUUJJ6j A

-1

Year

Figure 4.9. Annual Foreign Exchange Flows with Fuelwood Plantation Programme



- 100 -

reserves the deforestation trend over the short term, by the mid 1990's,
population growth will again put pressure on fuelwood supply. The cookstove
program therefore buys time for measures of a long term nature to be
initiated.

4. The breathing space afforded by a successful cookstove program must be
utilized to put into place an expanded fuelwood plantation program. If serious
problems are to be avoided in the early 2000's, by the early 1990's the
plantation program should be at least double that currently underway (see
Table 4.2). Because the growing cycle even of fast-growing Eucalyptus trees is
at least 10 years, planning for such an expanded program should be initiated
over the next few years if it is to be in place by the early 1990's.

5. It must be recognized that if such a plantation program is not initiated
over the next few years, the possibility of another relatively low-cost short-term
solution such as the presently envisaged cookstove program is no longer
present. Today we can buy time for the plantation prograrms by promoting a
stove design whose efficiency gain is large. To get the next increment in
efficiency gain will be much more difficult, and in any event more costly.

6. The analysis presented here indicates that the long-term foreign exchange
impacts of not proceeding with an enhanced plantation program are extremely
serious. As the natural forest area continues to decline, and no longer serves
as a fuelwood source, the costs of petroleum product substitution will place an
additional burden on what is already a serious balance of payments situation,
to say nothing of the impacts on the individual household budget.

7. All of the analysis presented in this chapter considered only the fuelwood
demand. As noted in the introduction, it is well known that other demands
place possibly even greater strain on the forest resource. Consequently, even if
both the cookstove and plantation programs are implemented along the lines
suggested here, there is no guarantee that the current deforestation trend can
in fact be reversed. Therefore, these program elements must be viewed not
only as part of the national energy strategy, but also as components of a
much broader national forest management strategy.
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APPENDIX 4.1

ASSESSMENT OF IMPROVED FUELWOOD STOVE 1/

In assessing the benefits from a national viewpoint of introducing the
improved cookstove, an economic evaluation is first carried out to determine
the least net cost technology between the woodstove and the open hearth.
For this purpose shadow prices (or economic opportunity costs) are used to
determine whether technology A (woodstove) is cheaper than technology B
(open hearth). If technology A proves to be cheaper, a financial analysis is
then carried out using market prices. This exanmines the feasibility from an
individual's perspective of usinig technology A instead of B.

ECONOMIC EVALUATION

The open hearth referred to in this study, and which is commonly used
in the urban, rural and estate sectors, is a semi-enclosed base made of clay
(at negligible cost) and not the three brick open hearth.

An average consumption of fuelwood of 2.98 MT/annum/family is
assumed. It has been estimated that the new woodstove will reduce fuelwood
consumption by approximately 20-30%. Thus three efficiency levels, viz. 20%,
25% and 30%, are considered, which correspond to annual usage by a family
of 2.38, 2.24 or 2.09 MT, respectively.

The opportunity cost (value) of fuelwood is determined on the basis of
kerosene displacement. This argument becomes increasingly relevant as
fuelwood scarcity and overall deforestation progressively worsens. The kerosene
equivalent is regarded as the upper bound on the economic value of fuelwood.

Assuming that 1 MT of fuelwood (FW) is equivalent to 0.19 MT of
kerosene (see Note 1),

the value of 2.38 MT of FW = 0.19 x 2.38 x 280 x 28.75
= Rs. 3640.20

where border price of kerosene = Rs.28.75/Imperial Gallon.

1/ This appendix is based on original work carried out by Sria Munasinghe
and Shakuntala Gunaratne.
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Corresponding figures for the other efficiency levels are:

25% efficiency of woodstove - Rs.3426.10
30% efficiency of woodstove - Rs.3196.65

The value of fuelwood consumed in an open hearth can be calculated in a
similar manner.

Assuming a life of two years for the woodstove and a discount rate of
10%, the present value of economic costs over two years may now be
computed. The results are summarized in Table A.4.1.

Table A.4.1 - Present Value of Economic Costs for Woodstove and Open
Hearth (all calculations on basis of representative family)

WOODSTOVE OPEN HEARTH

Efficiency Level 20X 25X 30X --

Costs (Rs.)

Capital so so 50

Fuel 3,640 3,428 3,197 4,668

Total PV for 2 Years 7,000 6,591 8,163 8,701

PV of Savings
Using Woodstove 1,701 2,110 2,648 --

PV of Savings at tho
National Level
(Rs. million) a 4,493 5,572 8,729

a National saving = PV of Saving/Family for 2 years x 2644407 Households
(see Note 2).

FINANCIAL EVALUATION

In the financial calculations, the costs incurred by an individual are
calculated using market prices to compare technology A (improved woodstove)
with technology B (open hearth).
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The computations are similar to the above and are summarized in Table
A.4.2. Since the market price of fuelwood varies considerably in the three
sectors of the economy viz. urban, rural and estate, the analysis is
disaggregated on this basis.

TABLE A.4.2 - Present Value of Financial Costs for Woodstove and Open
Hearth (on the basis of representative family)

WOODSTOVE OPEN HEARTH

Efficiency Level 20X 2SX 30X

Costs (Rs.)

Capital 50 So 50 --

Fuel:

Urban 899 846 789 1,125
Rural 262 247 230 328
Estate 749 705 es8 938

Total PV for 2 years:

Urban 1,766 1,66 1,566 2,148
Rural 550 621 489 626

Estate 1,480 1,396 1,306 1,790

PV of Savings
Using Woodstove:

Urban 206 254 306 --

Rural 60 74 89

Estate 310 394 484

CONCLUSION

It is evident from the economic evaluation that using the woodstove
instead of the open hearth would result in considerable savings nationally.
However, it is observed that the representative individual would have
substantially less incentive to change to the new technology, especially in the
rural sector. From Table A.4.2 it is seen that the net benefit of using the
woodstove at an efficiency level of 20% is Rs.60 in the rural sector; Rs.206 in
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the urban sector; and Rs.310 in the estate sector, over a two year period. On
the other hand, the woodstove entails a capital cost of Rs.50. p

Since the potential saving from the national economic viewpoint is higher
by an order of magnitude, the policy implication of popularizing the woodstove
is quite obvious. One means of doing this would be to market the woodstove
at a nominal price, ie. less than Rs.50 per unit.

Note 1

Conversions:

1 MT of Fuelwood (FW) = 0.4 MT of Crude Oil
1MT of Kerosene = 1.06 MT of Crude Oil
Thus:
1 MT of FW = 0.4/1.06

= 0.377 MT of Kerosene

It is assumed that:
The representative efficiency FW in cooking = 18%
The efficiency of kerosene iII a cooking stove = 36%

Thus:
1 MT of FW (useful energy) = (0.18x0.377)/0.36 MT of kerosene (useful

energy)
= 0.19 MT of kerosene (useful energy)

Note 2

Estimate of the total number of households using firewood:

Sector # of H.H. % Using F # Using FW

Urban 509,459 85.4 435,078
Rural 2,084,496 96.6 2,013,623
Estate 217,451 90.0 195,706

Total 2,644,407
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Note 3

Prices of fuelwood in various sectors of the economy are:

Urban - Rs.120 per cubic meter ie. 377.60 per metric ton **
Rural - Rs. 35 per cubic meter ie. 110.10 per metric ton
Estate - Rs.100 per cubic meter ie. 314.66 per metric ton

Cost incurred by an average family/annum for fuelwood consumption in each
sector:

At 20% Efficiency Open Hearth
Urban 2.38 x 377.6 = 898.7 2.98 x 377.60 = 1125.
Rural 2.38 x 110.1 = 262.0 2.98 x 110.10 = 328.
Estate 2.38 x 314.7 = 748.9 2.98 x 314.66 = 937.

At 25% Efficiency At 30% Efficiency
Urban 2.24 x 377.6 = 845.8 2.09 x 377.60 = 789.
Rural 2.24 x 110.1 = 246.6 2.09 x 110.10 = 230.
Estate 2.24 x 314.7 = 704.9 2.09 x 314.66 = 657.

** Assuming that a cubic meter weighs on average 700 lbs.
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APPENDIX 4.2

TECHNICAL ASSESSMENT OF FUELWOOD STOVES

CISIRLIPA: Single-Pot Chimneyless Stove

This stove, developed by the Ceylon Institute of Scientific and Industrial
Research (CISIR), consists of two parts:

a tlle firebox, and
(b) the outer jacket which also doubles as the pot rest and pot

surround.

It can accommodate a wide range of pot sizes and biomass fuels, and
saves approximately 21% of the fuelwood compared to the semi-enclosed open
hearth and 30% compared to the 3 stone open hearth. It currently costs
Rs.32.50 to produce.

Summary of Test Results:

Semi-Enclosed Improved Hearth
Open Hearth Single Pot

(Two Sides Enclosed) (With Clay Jacket)

Water Boiling Test

1. Weight of water boiled (kg.) 16 20
2. Weight of firewood consumed (g.} 1455 1455
3. Efficiency (%) 18.85 24.08
4. Time taken (min.) 115 128

Cooking Test

1. Weight of firewood consumed (g.) 879 694
2. Time taken (min.) 80 80
3. % wood saving compared to

Open Hearth -- 21%
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CISIRLIPA
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SARVODAYA: Pottery Liner Stove

This is a stove developed by the Sarvodaya Movement in Sri Lanka with
the assistance of the Intermediate Technology Development Group (ITDG) of
the U.K. The present design is the sixth generation of stoves developed.
About 15000 stoves have already been installed by the Sarvodaya Movement
and the Energy Unit of the CEB, in the Kandy District and Galnewa area
(Mahaweli 'H' System). In these areas, the pilot projects were extremely
popular, and most users have abandoned the traditional hearth. The demand
created for more stoves cannot be met within the limited scope of the pilot
projects.

The Sarvodaya stove is a two-pot-hole stove, consisting of a pottery liner,
insulated externally with a mixture of 4 parts of clay, 4 parts of sand, 2 parts
of ash and 1 part of cowdung. It has a life span of 2 to 3 years and costs
about Rs.40 to produce.

Summary of Test Results: Comparison with Open Hearth (average of 48 tests)

stove type Amount of Rubber Wood Saved
Relative to Open Hearth

Boiling Water Test Cooking Test

Open Hearth 0 0

Pottery Liner Stove
(With Chimney) -10o -13%

Pottery liner stove
(Without Chimney) -18% -23%

(Negative Values Indicate Fuelwood Saving)
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CHAPTER 5

ELECTRIC POWER

5.1 INTRODUCTION

Electricity was first introduced to Sri Lanka for public lighting as far
back as 1885 with individual generating stations at different locations.
However, the rapid spread of electricity within the island took place only after
the formation of the national grid of the Ceylon Electricity Board (CEB) and
the completion of the initial major hydro projects in the central hills in the
island around 1951. The capacity of plant installed in 1951, both hydro and
thermal, was of the order of 40 MW which, by 1985, had risen to about 555
MW (see below). By 1988 with the addition of major hydro (Victoria,
Kotmale, Randenigala) and thermal projects the generating capacity would be
of the order of 1200 MW (See Table 5.1 below).

Table 5.1 CEB Generation Capacity

Type of Generation 1985 1988

Hydro 385 MW (89%) 948 MW (79%)

Steam Thermal (Heavy Oil) 50 MW 60 MW
Gas Turbine (Light 011) 120 MW 120 MW
Diesel (Heavy Oil) -- 80 MW

563 MW 1198 MW

The peak load in 1982-83 was approximately 420 MW, with an annual
demand growth rate, in the region of 9-10%. In 1988 the peak load is
expected to be on the order of 750 MW. However, although the installed
capacity is thus seen to be adequate for the expected load, the increasing
dependence on hydro raises the vulnerability of the system to drought.

It is also seen that during the present times, and for the next few years,
the electricity industry in Sri Lanka will be subject to very heavy costs,
including investment on capital works in generation, transmission, and
distribution, as well as fuel costs for thermal generation necessary to augment
hydro generation.
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This chapter describes the application of the integrated planning
methodology to the electric power sector in Sri Lanka. Again, it is important
to note that the description here is based on model runs carried out in early
1985. As such, some of the scenarios and assumptions have been included
mainly for illustrative purposes.

5.2 ANALYTICAL APPROACH

The electric sector is analyzed within the framework of the RESGEN
energy model. The approach is to use the CEB's capacity expansion plan as
a basis for the optimal dispatch of plants into a linearized, annual load
duration curve. The energy under the curve is based on the scenario
dependent electricity projections, and the shape of the curve is based on
CEB's estimate of the system load factor. Plants are dispatched into the load
curve in the assumed merit order which involves the application of an optimal
dispatch algorithm. A typical RESGEN output is shown on Table 5.2 which
shows the 1990 optimal dispatch for the base case GDP under the
conservation program.

The capacity expansion plan used for this study is shown on Table 5.3
(in the format of the RESGEN data file). There, "ba" is the assumed
average base period availability, which reflects both forced outage and
scheduled maintenance rates), and "p-a" is the peak period average availability
rate, which reflects the peak period forced outage rate. The two schedules on
this table reflect the two hydro-energy scenarios: the base case includes firm
plus 25% of secondary (used by the CEB as its planning basis); the second
case includes firm hydro only (with the other aspects of the capacity expansion
plan unchanged).

The overall scenario design for the analysis of the electric sector issues is
shown on Figure 5.1. In addition to examining the impact of the conservation
program under various GDP growth scenarios, we also examine changes in the
system load factor, the impact of drought years, and the implications of a
delayed construction schedule for capacity additions in the early 1990's.

5.3 DEMAND PROJECTIONS

Figure 5.2 shows the evolution of electricity demand in Sri Lanka over the
past decade, and the scenario projections for different rates of economic
growth. As can be seen from this figure, load growth increased from an
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Table 5.2 Typical RESGEN Output

Merit Order Dispatch for 1990

Plant Mw avail. Gwh Fuel,1000 too

Peak

Rantembe 57.00 46.60 12.1e (Hydro)

Broadlands 19.00 15.20 4.06 (Hydro)

Randonigala 115.90 92.72 24.73 (Hydro)

Kotmalo 3 63.65 50.92 13.58 (Hydro)

Kotmalo 130.15 104.12 27.77 (Hydro)

Somanalawena 83.30 66.64 17.78 (Hydro)

Victoria 87.56 70.06 18.68 (Hydro)

Existing hydro 182.31 146.84 38.90 (Hydro)

Canyon 2 0.00 0.00 0.00 (Hydro)

Sapugoakmnds 70.87 66.69 17.82 (Die-el)

Total Mw 809.73

Intermediate

R2ntembe 48.07 139.40 37.19 (Hydro)

Broadlands 19.00 55.10 14.70 (Hydro)

Randenigala 44.62 129.11 34.44 (Hydro)

Kotmals 3 13.70 39.73 10.60 (Hydro)

Kotmale 28.31 82.10 21.90 (Hydro)

Samanalawena 44.52 129.11 34.44 (Hydro)

Victoria 87.56 253.92 67.73 (Hydro)

Existing hydro 182.31 528.69 141.03 (Hydro)

Canyon 2 0.00 0.00 0.00 (Hydro)

Sapugaskanda 18.14 52.60 16.54 (Disoel)

Total Mw 486.12

Baso

Rantambe 0.00 0.00 0.00 (Hydro)
Broadlands 4.88 24.70 8.69 (Hydro)

Randenigala 33.24 168.17 44.88 (Hydro)

Kotmale 3 5.80 29.35 7.83 (Hydro)

Kotmale 12.21 61.78 16.48 (Hydro)

Samanalawons 38.39 194.25 51.82 (Hydro)

Victoria 87.56 443.04 118.18 (Hydro)

Existing hydro 182.31 992.47 246.07 (Hydro)

Canyon 2 0.00 0.00 0.00 (Hydro)

Total Mw 364.38 3901.29 1045.88

Total Fuel Cost .172
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Table 5.3 C.E.B. Capacity Expansion Plan

Firm + 25% Secondary/Planning Basis

Year Fuel Plant Mw b-a Gwh Eff. p-a

1996 Hydro Calidonia 240. 413. .35 1.00

1989 Hydro Rantembe 60. 181. .36 1.00

1990 Hydro Broadlands 20. 89. .36 1.00

1988 Hydro Randenigala 122. .00 319. .35 1.00

1987 Hydro Kotmale 3 67. S. .36 1.00

1986 Hydro Kotmale 1+2 134. 363. .35 1.00
1990 Hydro Samanalawena 120. 440. .36 1.00
1985 Hydro Victoria 210. 767. .35 1.00

1984 Hydro Existing Hydro 386. 1884. .35 1.00

1986 Hydro Canyon 2 30. 7. .36 1.00

1998 Coal Trincomalee 4 300. .73 .31 .83

1996 Coal Trincomalee 3 300. .73 .31 .83
1993 Coal Trincomalee 2 150. .73 .31 .83

1992 Coal Trincomalee 1 160. .73 .31 .83

1984 Residual Sapugaskanda 80. .77 .288 .83

1990 Fuel Oil Existing Steam 40. .70 .280 .80
1984 Diesel Existing Comb.

Turbin 120. .69 .24 .80

1984 Diesel Existing diesel 20. .40 .24 .91

Firm only

Year Fuel Plant Mw b-a Gwh Eff. p-a

1995 Hydro Calidonis 240. 380. .35 1.00

1989 Hydro Rontemb- 60. 158. .36 1.00

1990 Hydro Broadiands 20. 80. .36 1.00

1988 Hydro Randenigais 122. .00 366. .35 1.00

1987 Hydro Kotmale 3 67. 1. .36 1.00

1986 Hydro Kotmale 1+2 134. 316. .35 1.00
1990 Hydro Samanalawena 120. 431. .36 1.00

1986 Hydro Victoria 210. 695. .35 1.00
1984 Hydro Existing hydro 386. 1530. .36 1.00

1986 Hydro Canyon 2 30. 1. .35 1.00
1999 Coal Trincomalee 4 300. .73 .31 .83

1996 Coal Trincomaloo 3 300. .73 .31 .83
1993 Coal Trincomalee 2 160. .73 .31 .83
1992 Coal Trincomalee 1 150. .73 .31 .83
1984 Residual Sapugaskands 80. .77 .288 .86

1990 Fuel oil Existing steam 40. .70 .266 .80
1984 Diesel Existing Comb.

Turbin 120. .69 .24 .80

1984 Diesel Existing diesel 20. .40 .24 .00
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average of about 4.8% per year on the period 1972-1977 to 10% in the period
1973-1982, reflecting the upturn in economic activity since the economic
reforms of 1977. However, in 1983 and 1984 the growth rates declined
significantly, to 6% in 1983 and 3.4% in 1984. The decrease in 1984 is all
the more remarkable since the GDP growth rate recovered from 4.1% in 1983
to 5.2% in 1984. A major reason for the decline was the scheduled power
cuts that were imposed during the months of November 1983 to February
1984.

CEB's own projections underscore the uncertainties that surround load
forecasts: as shown in Table 5.4, the 1990 forecast ranges from 3700 GWh to
4400 GWh, with an even wider range by the mid 1990's.

Table 5.4 Generation Requirements Forecasts

C.E.B. June 1984 Trend Econometric Losses %

1986 2818 2852 2787 18
1988 3099 3123 2937 18
1987 3351 3123 2937 17
1988 3724 3891 3309 le
1989 4074 3995 3606 16
1990 4416 4337 3709 14
1994 6281 6126 4686 12
1998 9200 8807 5951 12

Source: C.E.B. Generation Expansion Plan, Jan. 1985.

The base case demand projection used in this study is shown on Figure
5.2. In the base case, the real electricity price is assumed constant, and there
is no price elasticity effect. Because we use as a basis the growth rates
anticipated by the 1984 CEB market plan, there is a close correspondence
between the CEB projection and our base case. However, there are a few
differences relative to the CEB forecast: (1) the use of the actual 1984
demand, which was lower than CEB's expectations, and (2) a slower rate of
GDP growth assumed for 1989-1995. Also shown on this figure are the base
case with conservation, and low GDP growth cases.
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5.4 THE IMPACT OF CONSERVATION

One of the policy options that is under examination for the national
energy strategy is a comprehensive program of energy conservation and demand
management that encompasses all parts of the energy system. It should be
noted that the CEB is already committed to a program of loss reduction that
is assumed to be part of the base case; this will bring transmission and
distribution system losses from about 18% in 1984 to 12% in 1990. For the
electric sector the applicable conservation goals for each demand category are
shown on Table 5.5 the goals reflect the cumulative reduction in energy
demand if the program is implemented, over the base case. The corresponding
annual rate reflects the amount by which the growth rate for that sector is
decreased. As can be seen from Figure 5.2, even a few percentage points per
year less in the growth rate, when compounded over a decade or more, has a
significant impact on the expected demand.

Table 5.5 Conservation Program Goals

1990 Annual
Goals X Rate

Residential 0.95 1.0
Small + Medium Industry 0.90 2.0
Large Industry 0.86 3.0
Commercial 0.90 2.0
Hotels 0.90 2.0
Local Authority 0.95 1.0
Street Lighting 0.95 2.0

The impact of the conservation program on CEB's oil consumption is
depicted in Figure 5.3. Because of the cumulative effect of the diminished
growth rate that results from the program, the impact of the program
increases through time. By 1990, for example, the oil savings amount to some
150,000 tons, with a corresponding foreign exchange saving of some $30
million. But beyond only the energy savings also lie the impacts on the
capacity expansion program. As can be seen from Table 5.6, the 1995 peak
deInand falls from 1301 MW in the base case to 1097 MW in the conservation
program case.
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It should be noted that this capacity displacement is under the assumption
of a constant system load factor (SLF) (see discussion below).

Table 5.6 Summary of Scenario Results

Cas -- 1990-- -- 199 --

Fossil Fuel, ktc Peak MW Energy,GWh

1 Base Case 30.03 1301 6269
2 Base Case + Conservation 0.00 1097 5289
3 Base Case, firm Hydro only 140.06 1301 6269
4 as 4, + Conservation 21.42 1097 5288
5 as 5, + SLF = 0.6 21.42 1006 5288
6 Low gdp 0.00 765 3690
7 Low gdp, firm Hydro only 0.00 765 3690
8 Base + Cons + Delayed Constr. 62.49 1097 5288

5.5 THE IMPACT OF DROUGHT YEARS

The impact of a drought year, defined here as one in which only the firm
hydro is available (as opposed to an additional 25% of secondary in the base
case), is shown on Figure 5.4. It should, of course, be noted that drought
conditions would not span an 11-year period, and therefore the impacts are
not cumulative. The figure simply shows the impact of a drought in any given
year.

The most noticeable feature is that the impact of drought years increases
until the early 1990's. This is a reflection of the fact that as the system
becomes more dependent on hydro, the relative impact of a drought year
becomes more severe. This is particularly true of the system in Sri Lanka,
where the nmain catchment area for the hydro plants are in a geographically
small area (in which low rainfall tends to affect most dams simultaneously).
As the Trincomalee coal units come on line in the early 1990's, the relative
impact decreases, only to increase again as the Calidonia hydro project comes
on line in 1995.

The potential impacts of drought years on the CEB oil consumption can
be markedly reduced by the conservation program. This is illustrated on
Figure 5.5: because the increasing impact of a drought year (due to increasing
dependence on hydro) is offset by the cumulatively increasing benefit of the
conservation program, the drought effects can be almost entirely eliminated by
the mid-1990's (assuming no changes in the capacity expansion plan).
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5.0 THE SYSTEM LOAD FACTOR

Another dimension of demand management in the electric sector concerns
the system load factor (SLF), which currently stands at about 55%. The
CEB's generation plan assumes that this will remain unchanged into the
1990's. Even among developing countries, this would be regarded as a very low
value. In order to examine the impact of an improved system load factor, we
hypothesize a scenario in which its value increases linearly by 0.005 per
annum, from .55 in 1985 to 0.6 by 1990.

The impact of an increased SLF is largely a function of the generation
mix. Since the effect of an increased SLF is to reduce the size of the peak
(relative to the energy under the load curve), in a strictly thermal system this
will result in the most inefficient thermal plants being displaced from the peak,
at the same time increasing the dispatch of plants lower in the merit order in
the off-peak hours. In the mixed thermal-hydro system of the CEB, however,
hydro-energy can be shifted from peak to off-peak without fuel cost penalty.
Indeed, as can be seen from Table 5.6, there is no difference between Cases 4
and 5, in which only the SLF varies.

However, reductions in the peak (relative to off-peak) has a more obvious
effect on the necessary installed capacity requirement. As noted above, the
conservation program has the potential of reducing the 1990 peak by about
200 MW as a result of energy savings alone. If the conservation program is
also designed to reduce peak consumption in particular, then another 100 MW
of capacity can be displaced (compare Cases 4 and 5, on Table 5.6--the energy
in both these cases is the same, but the peak demand in the improved SLF
case is reduced fronm 1097 MW to 1006 MW).

5.7 DELAYED CONSTRUCTION SCHEDULE

In both the conservation and low GDP cases it would be possible to delay
the schedule for some of the units presently envisaged for the early 1990's.
This would defer some of the investment and debt service costs, but at the
cost of higher oil imports to substitute for the delayed hydro and coal units.
Table 5.7 shows the delayed construction scenario: Samimanalawewa and
Broadlands are delayed 1 year, Trincomalee Unit 1 by 2 years, and
Trincomalee Unit 2 by 3 years.
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Table 5.7 Delayed Coistruction Scenario

Year Fuel plant Mw b-a Gwh Eff. p-a

1996 Hydro Calidon;a 240. 413. .36 1.00

1990 Hydro Rantembe 60. 181. .36 1.00

1991 Hydro Broadlands 20. 69. .36 1.00

1988 Hydro Randanigala 122. .00 391. .36 1.00

1987 Hydro Kotmile 3 67. S. .35 1.00
1986 Hydro Kotmale 1.2 134. 363. .36 1.00

1992 Hydro Samanalawena 120. 440. .35 1.00
1986 Hydro Victoria 210. 767. .36 1.00

1984 Hydro Existing Hydro 386. 1684. .35 1.00
1986 Hydro Canyon 2 30. 7. .36 1.00

2000 Coal Trincomalee 4 300. .73 .31 .83
1998 Coal Trincomalee 3 300. .73 .31 .83

1996 Coal Trincomalee 2 160. .73 .31 .83
1994 Coal Trincomalee 1 160. .73 .31 .83
1984 Residual Sapugaskanda 80. .77 .32 .86
1984 Diesel Existing diesel 20. .40 .24 .91

1984 Diesel New gas turbines 120. .30 .24 .90
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As shown on Figure 5.6, with such delays CEB's oil consumption (and
thus the overall oil import bill) would increase substantially in the early 1990's.
However, as the discussion of Chapter 6 will show, this is more than offset by
the debt service savings.

5.8 INSTITUTIONAL REFORM

It is useful at this stage to examine some practical cases. There are many
examples of power sector deregulation and privatization in the developed world,
and a few in developing countries. The case of the Lanka Electricity Company
(LEC) of Sri Lanka is therefore not unique. Nevertheless, we discuss it below
because the author was closely involved in the creation of LEC, and it is an
interesting example of institutional restructuring under constraints.

As mentioned earlier, the CEB, a fiully government owned and controlled
company, owns and operates most of Sri Lanka's power generation,
transmission, and distribution system. While most of CEB's customers are at
the retail level, it also supplies bulk power to over 200 local authorities, who
own separate municipal distribution systems that serve a total of about
220,000 consumers at medium and low voltage (11 kV to 220 V).
Unfortunately, these individual systems are too small to be financially and
technically viable. Many of them are characterized by weak planning and
design, poor investment and maintenance, inadequate staff quality and morale,
overloading of lines, sub-standard metering, extremely low rates of revenue
collection, and excessive political interference by local pressure groups.
Naturally, the quality of supply is very poor, with frequent outages, and
chronic low voltage (sometimes less than half the nominal voltage). Losses are
also well above accepted norms, sometimes in the region of 40 percent of the
incoming energy, with non-technical losses (or non-payment) accounting for
about half of this.

To remedy this situation, the government created LEC in 1984 to begin
gradually taking over the distribution responsibilities in the local authority
areas. The creation of a distribution utility, separate from the CEB was
based on the desire to achieve the following objectives:

(a) improve the quality of supply;

(b) reduce electrical losses (both technical and non-technical);

(c) improve metering, billing and revenue collection;

(d) rationalize retail electricity prices--in particular, standardize the tariff
structure across different areas;
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(e) improve the quality of management and staff; and

(f) improve the attitudes of staff, and their level of courtesy towards
consumers.

A number of alternative configurations were studied, including
perpetuation of the existing local authorities with improved maniagement,
complete takeover by the CEB, creation of a completely private utility or
utilities, and so on. The final decision was to establish LEC as a government
owned, but essentially autonomous distribution company, with 51 percent
owned by the CEB, and the remainder divided among the various local
authorities (represented by the Ministry of Local Government and Housing),
and the Treasury. The following advantages were noted:

(a) LEC would have the flexibility of a private company on matters such
as management decisionmaking and staff remuneration, while
remaining responsive to government policy and not departing too
much from the normal pattern of state-owned enterprises;

(b) it would be primarily distribution oriented, unlike the CEB where
managenment pre-occupation with the more visible and glamorous
generation and transmission projects has led to a downplaying of
distribution--although the latter accounted for about a third of
investments, and the bulk of the losses;

(c) it would be able to recruit, adequately remunerate, motivate, and
retain high quality staff;

(d) the CEB could provide critical technical and financial support in the
initial start-up period, wit}l provision for increasing independence over
time;

(e) the local authorities being taken over would transfer their assets, as
an equity contribution, minimizing legal red tape and the need for
complex financial transactions;

(f) the takeover of various distribution networks would begin slowly, but
would accelerate as LEC acquired experience and confidence; and
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(g) there would be a minimal burden on the CEB which was already
overloaded with its bulk supply and own distribution responsibilities-
-LEC might even be able to take over CEB's distribution networks
at some future date.

After several years of operation, LEC appears to be living up to
expectations. Quality of service and overall performance in the areas taken over
have improved significantly. However, considerable care will have to be
exercised to preserve the autonomy of LEC's management, and build up this
fledgling utility into a robust institution that is able to successfully manage
the electricity distribution in Sri Lanka.
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Notes

1. Given the uncertainties surrounding railway electrification, no explicit
adjustment has been made to the load curve; this is consistent with the
CEB forecast. At some future point, when the plans become clearer, the
explicit adjustment (and the substitution for diesel oil) can easily be
incorporated.

2. The system load factor (SLF) is defined by the equation:

Peak Demand x 8760 x SLF = Energy Demand

(MW) (MWh)

CEB's assumption for the SLF therefore follows from their 1994 demand
and energy projections as:

(6281000(MWH ))
SLF-O.55- (1303(MW)x8760(h))

Obviously, a more detailed analysis of the impact of lower electric load
growth on the optimal capacity expansion plan needs to be conducted;
simple deferral of units may or may not maintain a least cost system.
However, what is recommended here is that the CEB conduct a series of
WASP model runs for the lower demand scenarios postulated in this report.
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CHAPTER 6

OIL IMPORTS AND ENERGY-ECONOMIC ISSUES

6.1 INTRODUCTION

Sri Lanka's economy has undergone a remarkable transition in the past
decade. As noted in Chapter 3, in 1977-78 the incoming Jayawardene
administration removed most of the import and exchange rate controls of
previous administrations, and instituted a policy environment that actively
promoted exports, and foreign investment. The economy responded well, with
GDP growth rates in the 1978-1986 period averaging 5.6% per year, after a
decade of growth in the 2-3% range. The fact that this was accomplished in
a period of quite unfavorable international conditions (the second oil price
shock, high interest rates and inflation) is testimony to the efficacy of a
market oriented macroeconomic policy. However, the degree to which this can
be maintained in the short- to medium-term is unclear. Falling tea prices,
protectionist moves in the U.S. against garment imports, and an increasing
foreign debt service loom somewhat ominously over the horizon. Thus, as
shown on Figure 6.1, the decline in the 1984 external resource gap, occasioned
by the windfall in tea earnings, is not projected to continue.

Payments for oil imports, energy sector investments and debt service on
energy sector projects, account for a significant share in the overall external
balance, and therefore merit close attention as part of the National Energy
Strategy. In this section we describe the modelling framework used to deal
with the key energy-economic linkages, and examine the macroeconomic impact
of the energy sector.

The Macroeconomic Accounting Framework

A number of possible approaches for the macroeconomic analysis were
considered. The first was to use one of the generally available macroeconomic
models--such as the World Bank Minimum Standards Model--and adapt it to
the particular requirements of the Sri Lanka project. However, it was quickly
apparent that the level of aggregation provided by such a model was totally
inconsistent with the needs of the overall analysis. While perhaps useful for
general policy guidance, the energy planning process in Sri Lanka called for a
more specific consideration of alternative investment programmes, resulting in a
level of information about investment outlays and debt service obligations
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difficult to reconcile with the aggregate parameters (incremental capital-output
ratios and the like) that is the staple of such highly aggregated macromodels.
In any event, such a model would also have been very difficult to align to the
macroeconomic planning process used by the Ministry of Finance and Planning.

A second approach was to use a more sophisticated econometric model,
either taken from another source, or developed specifically for the project. A
review of the many economic models that have been developed for Sri Lanka,
however, revealed that none were suitable for this purpose. In fact, no
econometrically estimated macromodel suitable for policy analysis is available
for Sri Lanka and the Ministry of Finance and Planning itself is only in the
early stages of developing one.

In light of these problems, the approach decided upon for the model was
to replicate the macroeconomic planning process used by the Ministry of
Finance and Planning in its annual report on Public Investment. As such,
the model was more in the nature of an accounting framework than a model
in the usual sense, and was implemented in LOTUS 1-2-3.

The overall approach is illustrated in Figure 6.2. The baseline for the
model is the macroeconomic projection of the Ministry of Finance and
Planning, which covers the immediate 5-year planning horizon. The estimates
of GDP are passed down to the energy models where they are used as a basis
for energy demand projections.

However, the Ministry of Finance and Planning (MFP) projections must
first be disaggregated into energy and non-energy transactions: this involves
subtracting out the MFP estimates of energy imports, energy investment etc.,
since the energy nmodels, of course, provide a much more detailed basis for
these transactions, which are added back at a later stage.

Of necessity the energy sector analysis requires a longer planning horizon
than the 5-year period used by MFP: this is due to the long lead times for
major energy sector investments in the power (and fuelwood) sectors.
Therefore, both the energy models and the macroeconomic accounting
framework were extended to 1995 (with the fuelwood model run to 2010).
The uncertainties inherent in macroeconomic projections over such long time
horizons were, of course, recognized and addressed at least partially through a
series of sensitivity analyses simulating various long term economic trends.
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Data Issues

Two major data sources were uised as the basis for the macroeconomic
accounting framework. The basic source for the macroeconomic projections is
the Ministry of Finance and Planning Public Investment Plan of May 1985,
covering the period 1985-1990. The main source for historical data, and the
1984 baseline, is the Annual Review of the Economy published by the Central
Bank of Ceylon. Unfortunately there are a number of differences in the
sectoral disaggregation of GDP between these two sources. Because the
primary focus in the macroeconomic accounting framework is the future
evolution of the economy, rather than a historical one, the MFP disaggregation
scheme was adopted. This is slightly less detailed than that of the Central
Bank, with 10 as opposed to 22 sectors: however, for the purposes of this
study, this disaggregation level was found to be entirely adequate.

6.2 METHODOLOGICAL ISSUES

Since the energy sector models (RESGEN/EFAM) provide estimates of
the aggregate energy sector impacts based on detailed project analysis and
energy flows, the first task is to disaggregate the existing macroeconomic
projections into energy and non-energy components. In some areas this proves
to be relatively straightforward, since the MFP projections include specific line
items for certain transactions such as energy imports and exports. In other
cases this proves to be more difficult.

Investment Goods Imports

Since the electric sector accounits for the bulk of the total energy sector
investment, the treatment of the electric utility capital outlays is of central
importance. The major questions concern the fraction of the total capital cost
that will ultimately appear in the external accounts as "Investment Goods
Imports." A first approximation is to assume that the foreign aid component,
the foreign exchange requirement, and the capital goods imports are all
numerically equal. Clearly some part of the foreign exchange component will,
in fact be for services (foreign experts, A/E services, etc.); but this is usually
only a small percentage of the construction cost, and would in any event not
affect the overall estimate of the current account deficit. CEB estimates the
foreign exchange requirement for the hydro plants to be built over the next
few years at about 65-75%, the balance being self-financed.
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The MFP projection for the foreign aid component of public sector
capital expenditure is some Rs.3840 million for 1988, of which the power sector
accounts for some Rs.1933 million, or 50% of the total. At the same time,
the MFP projection for capital goods imports is Rs.14950 million: tlle power
sector therefore accounts for some 13% of this broader category.

Thus the MFP aggregate estimate for investment goods imports was
divided into energy and non-energy categories: the non-energy category equals
the MFP projection for aggregate capital goods imports minus MFP's estiniates
for the foreign aid component of the power sector capital investment program
(pp.176-197 of the MFP Public Investment 1984-1988 Report). These estimates
of energy sector investment are subsequently replaced by the much more
detailed, project-by-project analysis derived in the RESGEN energy model.

Macroeconomically Consistent Growth Rate Adjustments

While the MFP projection serves as the baseline for the immediate 5-year
planning horizon, an important component of the energy sector analysis is to
examine the implications of both faster and slower rates of economic growth.
As noted earlier, GDP growth in the next few years may be slowed by
declines in the tea and export manufacture sectors. However, since neither is
particularly energy intensive, the trends in overall oil consumption may be
little affected (a likely consequence being increasing energy-to-gdp ratios).
Therefore, some way had to be found to make a consistent set of adjustments
relative to the overall GDP growth rate that is the main target of public
policy.

The GDP adjustments could, of course, be made on the basis of a
historically estimated econometric model but as noted earlier, a suitable model
was not available. Instead, the sectoral growth changes associated with overall
GDP targets were based on the MFP estimates themselves. Since the MFP
projection involves a careful sector by sector analysis, this is in any event
likely to be a better approach than one based on historically estimated
elasticities (unless done in the context of a very sophisticated modelling
environment). The sectoral elasticities are calculated from the identity:

Y(t) = Ylo}( 1 + g-) 3 Y(O)( 1 + G) '

where g is the MFP estimate of the j-th sectoral growth rate, G is the MFP
estimate of the aggregate GDP growth rate, a, is the growth elasticity of
the j-th sector with respect to the overall GDP growth rate, and Y (t) is the
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income of the j-th sector at time t. From this identity the elasticities follow
as:

log(l +gj)

ai log(l+G)

Imports and exports are adjusted in a similar fashion, by linking each
import (or export) category either to overall GDP, or to some sector:
fertilizer imports might for example be tied to the growth estimate for the
agricultural sector. Obviously there are some import categories that are not
subject to such adjustments. For example, the phasing out of rice imports by
1988 is taken as independent of GDP.

Some of the other adjustments must be made in more ad hoc fashion.
For example, over the long term, growth in private transfers (remittances from
Sri Lankan nationals overseas) is very likely to be highly correlated with
economic conditions in the oil producing countries of the Middle East, which
in turn is related to the world oil price. Obviously, while such relationships
are logically plausible, they are not amenable to statistical estimation.
Therefore such adjustments must be made on a judgmental basis for each
scenario under consideration.

The Energy Sector in GDP

The direct contribution of the energy sector to GDP is small, and not
disaggregated in most statistics. Electricity, for example, is part of the sector
"electricity, gas, water and sanitary services" whose total contribution to 1983
GDP was only some 1.3% (Rs.1244 million in a total of Rs.91643 million).
Although an explicit estimate could be made for domestic value added in the
important energy institutions as part of the cash flow analysis in the EFAM
model, the requisite effort was not judged worthwhile in view of the relative
magnitudes involved, and therefore ignored in the model. This is in sharp
contrast, of course, to the importance of the sector to investment, and the
merchandise trade balance.

The same is true for the petroleum sector: although petroleum product
exports are a significant source of foreign exchange earnings, they in fact
merely offset part of the crude import cost, and the contribution to value
added in the industrial sector (into which category the refinery is assigned) is
small.
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6.3 ORGANIZATION OF THE MACROECONOMIC ACCOUNTING
FRAMEWORK

The accounting framework consists of a series of tables (or ranges),
organized into three LOTUS 1-2-3 worksheets, summarized on Table 6.1.

The first worksheet, GDP, must be run first, as it determines the overall
economic growth patterns and the details of foreign trade. Experience shows
that even for energy work, the major import and export categories must be
disaggregated (which in Sri Lanka's case, say for exports, means explicit
assumptions about tea, rubber, coconuts and manufactures).

In general there will be at least two versions of this worksheet: one that
replicates the current Ministry of Finance and Planning projection, and one
that is used to examine alternative cases.

Range GDP1 contains the scenarios, entered by the user, for the
exchange rate and the world oil price, in addition to various summary items
(such as overall GDP growth) drawn from other tables. GDP1 is passed to
the RESGEN energy model where it is used as a basis for the eniergy demand
projections.

Range GDP2 provides the projection of non-energy exports, using the
disaggregation scheme of the MFP. Separate projections are made for export
volume and export price csf the major export commodities (tea, rubber,
coconut), while for the other categories value is projected directly (this follows
the MFP approach). In the base case worksheet, all of the cells are
unprotected, since the entries are taken directly from the MFP report. In the
analysis worksheet, however, the user enters the appropriate projection
equations into the cells for forecasting purposes.

Range GDP3 is an analogous representation of non-energy sector imports,
with separate volume and price projections for food imports, and direct
projections of import value for the other categories. The row "less energy
adjustiment" is the MFP estimate of energy investment goods imports that
must be subtracted from total investment goods. For the case of exports, in
the base case version, the table entries are set individually from the MFP
projection: but in the analysis case most of the import categories are
endogenously determined through a series of import elasticities. For example,
imports of fertilizer are linked to the income of "total agriculture" (from range
GDP4) as follows:
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Table 6.1 The Data Tables of the Model

Worksheet/Table (Rangename)

GDP Worksheet

GDP1: Scenarios (world oil price, GDP growth, etc.)
GDP2: Exports
GDP3: Imports
GDP4: Sectoral Composition of GDP

INVEST Worksheet

INVEST5: Total Resources and Utilization
INVEST6: Consumption, Investment and Savings Rates
INVEST7: Private Transfers and Savings
INVEST8: Financing of Non-energy Investment

GAP Worksheet

GAP9: Financing Assumptions
GAP10: Terms of Debt
GAP11: External Resource Gap
GAP12: External Debt Projection
GAP13: Debt Service Calculation
GAP14: Balance of Payments (US$)
GAP15: Balance of Payments (SL Rupees)
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IF( 1-IF(o)[ 1 4 g(YA)] 2

where g(YA) is the growth rate for agricultural income, and * is the
import elasticity calculated from the equation:

log[ 1 + g(IF)']
aA =log[ 1 + g(YA)F]

where the * indicates that the variables in question have been taken from the
base case MFP projection.

Of course, even in the analysis case, there are certain categories that
may not be dependant on GDP. The gradual elimination of rice imports over
the next few years will occur independently of GDP, and therefore we keep
the MFP projections for such categories even in the analysis case.

Range 4 provides the sectoral decomposition of GDP, again using the
MFP disaggregation scheme. Once again, in the base case worksheet, all the
table values are entered from the MFP projection, while in the analysis
worksheet, the user enters growth rates of his choosing. However, in this
case, those sectors whose performance is linked directly to the major export
categories are determined endogenously by the model: for example, the income
of the tea, rubber and coconut sectors is determined by the growth in export
earnings (taken from Range 2), again through an elasticity calculated from the
base case.

The INVEST worksheet contains a series of tables that determine other
important macroeconomic and balance of payments parameters, including
overall investment and savings rates, and provides an overall balance of
resources and their utilization. Table 6.2 shows a typical table from this
worksheet.

The last set of tables are included in the "GAP" worksheet, which
produces the balance of payments. Range 9 determines the breakdown of the
financing of the external resource gap. The base year entries come from the
Central Bank Report, while the forecast columns are user defined. Similarly,
Range 10 sets the terms for the external debt: the base year outstanding debt
is available from the Annual Central Bank Report. However, the terms for
both existing and new debt must be adjusted by the user on a trial and error
basis in such a way as to provide reasonable results. Unfortunately, the
Central Bank makes no detailed projection of future debt service, whilst



Tabl. 6.2 Sample Balanc of Payments

Bass Year 1965 1966 1987 1966 1969 1990 1991 1992 1993 1994 1996

1. Merchandise -414.48 -660.19 -446.35 -622.06 -656.17 -816.04 -40.88 -890.19 -816.73 -1041.73 -886.69 -1101

Exports (f.o.b.) 1351.04 1306.35 1325.24 1404.86 1545.68 1680.25 1774.96 1878.66 1992.31 2116.96 2253.86 2404

Energy Exports (f.o.b.) 126.00 139.91 142.91 147.00 149.53 159.61 169.56 180.25 191.00 202.81 216.32 229

Imports (c. if.) -1481.92 -1529.68 -1368.72 -1856.18 -1597.39 -1958.84 -19865.6 -2196.58 -2156.64 -2507.12 -2495.96 -2371

Energy Imports (c.i.f.) -409.60 -477.95 -487.26 -600.01 -519.71 -522.12 -584.26 -618.68 -658.28 -697.06 -747.29 -790

En-rgy InvGds. (c.i.f.) 0.00 -0.82 -57.52 -217.72 -233.28 -149.94 -101.60 -138.89 -190.17 -157.32 -112.61 -72

2. Services -61.20 -50.39 -33.03 2.61 7.53 -0.27 -27.25 -4.11 -30.66 -23.17 -19.61 -46

Receipts 329.80 366.09 402.31 435.52 460.49 483.09 508.655 52.68 560.43 578.38 809.73 645
Payents -391.00 -416.48 -438.34 -432.91 -452.95 -483.38 -630.80 -529.69 -581.09 -601.55 -829.35 -691 .

Interest -186.00 -188.20 -197.35 -191.88 -203.89 -197.94 -213.16 -216.68 -233.40 -214.34 -269.39 -285 9

Energy Sector Interest 0.00 .-23.16 -22.62 -20.27 -22.78 -53.49 -79.90 -69.44 -97.91 -104.19 -97.64 -137

Other -205.00 -210.13 -216.38 -220.76 -226.28 -231.94 -237.74 -248.68 -249.77 -256.02 -262.42 -269

Goods + Services (1) + (2) -475.68 -610.57 -478.38 -819.43 -647.64 -816.31 -634.13 -894.30 -847.39 -1064.90 -906.31 -1147

3. Transfers (Net) 420.70 433.30 446.29 459.70 473.53 487.81 602.54 517.74 533.43 649.61 566.32 584

Private (Net) 270.70 280.30 290.23 300.52 311.17 322.20 333.61 345.44 357.66 370.33 383.47 397

Official (Net) 150.00 153.00 156.06 159.18 162.36 165.61 168.92 172.30 175.75 179.26 182.85 187

Curr. Acc. Balance (3 + 4) -54.98 -177.27 -32.09 -359.73 -174.10 -328.51 -131.59 -376.56 -313.97 -515.29 -339.99 -s56
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the MFP projections proved to be impossible to replicate. What is shown,
therefore, in the sample table included liere (Table 6.3) has been arrived at by
trial and error, rather than by a detailed, loan-by-loan estimate. For the
purposes of assessing the incremental impact of energy sector policies, these
details probably are not important, provided on an overall basis the base case
produces reasonable results.

Range 11 is the centerpiece of the model, for here the external resource
gap is calculated. All of the entries in the top half of the table are
transferred from other tables, and summed to produce the year-by-year
estimate of the external resource gap. Those transactions that do not affect
the debt position are then subtracted: i.e. official transfers and direct
investment. For these categories the user must specify the growth rates (in
column 1).

The balance must be financed, or accommodated by a change in reserves.
Obviously there are two options: either one sets the level of borrowings, and
calculates the change in reserves as a residual: or one sets the anticipated
change in reserves, and calculates the required borrowings. The worksheets
as shown are based on the latter option (although this can of course be
readily changed by the user): the entries are based on the MFP judgement
that additions to reserves will be made at a declining rate through 1987 (after
the windfall of 1984), and will then be used gradually to offset an increasing
financing requirement in the late 1980's. (As an alternative, one might make
the assumption that any reserves would be used in the short run to reduce
current debt obligations).

Range 12 provides the year by year projection of the external debt, and
of external assets (which in turn determines the level of interest earnings).
The equations for each debt category are based on the simple identity:

d(t)= d(t-1) + new debt (from "borrowings" in Range 11)

- amortization (from Range 13)

The calculation of debt service in Range 13 is also straight forward, being
based on the assumptions set in Range 10. The energy sector debt service,
however, is calculated on a project by project basis in RESGEN, and is
transferred from there into this table.

Finally, Ranges 14 and 15 provide presentations of the balance of
payments: on Range 14 in the format of the Central Bank Reports
(denominated in U.S.$), and on Range 15 in the format of the MFP report
(denominated in billion Rs).



Table 6.3 Sample Resource Gap Projection (In $US Millions)

Basis Basis Year 1985 1988 1987 1988 1989 1990 1991 1992 1993 1994 1996

(1) 1984

Earnings

Exports GDP 1351.04 1308.35 1326.24 1404.86 1646.88 1690.25 1774.96 1878.86 1 99.31 2116.98 2253.86 2404

Tourist (Table 7) 99.00 109.89 121.98 138.40 150.29 168.82 186.17 206.54 228.15 253.25 281.10 312

Private Transfer (Table 7) 296.00 305.33 316.01 327.07 338.52 350.37 362.83 876.32 338.46 402.05 418.13 431

Interest (Table 12) 66.80 73.60 88.60 98.70 98.70 94.20 86.20 76.20 66.20 55.20 46.20 85

Other Serv.+ Tran. (Table 7) 174.00 182.70 191.84 201.43 211.50 222.07 238.18 244.84 257.08 289.93 283.43 298

Total 1976.84 1979.77 2043.58 2167.46 2344.68 2618.71 2841.13 2779.53 2931.19 3097.41 3279.72 3480

Payments

Imports (Table 3) 1481.92 1629.68 1368.72 166S.18 1697.39 1963.84 1986.65 2196.59 2165.64 2607.12 2495.98 2871

Private Transfer (Table 7) 24.30 26.03 26.78 26.55 27.36 28.17 29.02 29.89 30.78 31.71 32.66 84

Interest (Table 13) 186.00 183.20 197.35 191.88 203.89 197.94 213.16 216.56 233.40 241.34 269.39 286

Amortization (Table 13) 664.00 651.01 826.74 612.38 747.02 745.45 803.22 804.33 868.83 888.19 1003.74 1069

Other Services (Table 7) 206.00 210.13 216.38 220.76 226.28 231.94 237.74 243.68 249.77 26e.02 262.42 269

Total 2581.22 2699.04 2633.96 2707.76 2801.94 3157.33 3148.79 8491.04 8354.43 3924.37 4084.18 4518

Energy Sector

Energy Imports RESGEN 409.60 477.96 487.26 500.01 619.71 552.12 584.26 618.63 653.23 697.08 747.29 790

Exports RESGEN 36.00 37.90 38.44 39.14 37.62 38.99 40.22 41.43 42.68 43.81 44.62 46

Bunkers RESCEN 90.00 102.01 104.47 107.86 111.91 120.62 129.86 138.82 148.47 169.20 170.70 183

Cap. Gds. Import RESGEN 0.00 0.82 67.52 217.72 233.28 149.94 101.50 133.89 190.17 157.32 112.61 72

Interest RESGEN 0.00 23.16 22.62 20.27 22.78 63.49 79.90 69.44 97.91 104.19 97.64 137

Amortization RESGEN 0.00 11.77 13.62 13.64 17.18 28.38 40.96 40.42 62.04 67.93 57.20 76

Total 283.60 373.78 438.11 604.64 643.42 624.82 637.04 682.13 802.36 813.71 799.32 846

External Resource Gap 868.98 993.06 1028.61 1144.84 1100.67 1267.94 1144.69 1393.62 1405.59 1640.67 1683.77 188

Non-Debt Transactions

Official Transfer 2.00 160.00 153.00 156.06 169.18 182.36 165.61 168.92 172.30 17t.75 179.28 182.85 187

Direct Investment 2.60 37.00 37.93 38.87 39.84 40.84 41.86 42.91 43.98 45.06 46.21 47.36 49

SDR Allocations 0.00 -- -- -- __ __ __ __ __ __ __

Total 187.00 190.93 194.93 199.03 203.21 207.47 211.83 216.28 220.83 226.47 230.21 236

Borrowings

Long Tere Loans 358.75 312.82 302.96 284.23 259.28 365.46 324.66 407.34 388.27 491.05 484.44 61e

Short-Term Credits 434.82 379.14 367.19 344.60 314.26 430.82 393.36 493.71 470.69 696.17 587.16 746

Supplier's Credits 39.06 34.06 32.99 30.96 28.23 38.70 36.34 44.36 42.28 63.47 52.76 67

Comercial 41.12 36.86 34.72 32.68 29.72 40.74 37.20 46.69 44.50 66.28 66.62 71

IMF Drawings 31.87 27.79 26.91 25.26 23.03 31.67 28.83 36.18 84.49 43.82 43.03 55

Other 18.36 11.66 11.28 10.59 9.66 13.24 12.09 15.17 14.46 18.29 18.06 23

Total 918.98 801.31 776.06 728.09 664.19 910.53 881.36 1043.46 994.59 1267.88 1240.96 1577

Energy Sector Loans 0.00 0.82 57.62 217.72 233.28 149.94 101.60 133.89 190.17 157.32 112.61 72

Total Financing +/- Res. 1106.98 993.06 1028.61 1144.84 1100.67 1267.94 1144.69 1393.62 1406.69 1640.67 1583.77 1884

+/- Reserves 237.00 150.00 102.00 0.00 -46.00 -90.00 -100.00 -100.00 -100.00 -100.00 -100.00 -100
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Oil Imports and the Current Account

As a result of the oil price shocks of the 1970's, by 1983 net oil imports
accounted for some 38% of non-petroleum export earnings, compared to 1.5%
in 1970 (see Table 3.2). Even though the world oil price has declined
somewhat since then, affording some relief, past experience indicates that this
may not be a permanent condition. Indeed, the drought of 1983-1984 made
necessary higher levels of thermal electricity generation, and therefore increased
quantities of oil imports: the external accounts have therefore benefited from
the price declines only very recently.

Energy and Macroeconomic Development

As noted in the recent MFP report for the 1985-1989 period, over the
longer term, economic performance will be strongly influenced by the ability to
redress the fundamental problems in the balance of payments. Import
substitution in agriculture, and continued emphasis on export-oriented industrial
development are identified as the keys to achieving longer term balance.
However, neither of these sectors are particularly energy intensive. Therefore,
to the extent that targets for these sectors are not met (for example due to
protectionist measures against textile imports to the USA or Europe), slower
domestic growth will not be accompanied by significant declines in the oil
import bill.

Investment and Debt Service

Energy sector investment, particularly for power, is expected to increase
substantially over the next decade. Of new public sector projects for the
period 1986-1989, the power sector will account for almost two thirds.
Moreover, debt service obligations, particularly of the CEB, are expected to
rise significantly over the next few years. By 1990, energy sector debt service
is expected to rise to about $120 million, as opposed to about $35 million in
1985. Moreover, the CEB investment programme will require significant
amounts of as yet unidentified foreign capital. As many other countries have
already experienced, the ability to attract such financing is related to the
overall balance of payments situation and creditworthiness of the economy,
which is expected to worsen over the next few years--thereby making it more
difficult for the CEB to obtain foreign financing.

The Impact of Energy Conservation Programs

Since Sri Lanka lacks fossil fuel resources of its own, utilizing oil more
efficiently is one of the cornerstones of the National Energy Strategy. To
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examine the long term impacts of this program the energy conservation goals
of the NEDMCP, shown on Table 6.4, have been taken as a basis for a
conservation scenario. The significant impacts of domestic retail oil pricing
policy on the conservation program is described in Chapter 8.

Table 6.4 NEDMCP Conservation goals

X Saving Equivalent Annual

in 1990 Impact on Growth Rate
Rate of Demand

Electricity (2)
domestic 6 -1.0%
large industry (1) 10 -2.0%

small + medium industry 10 -2.0%

commercial 10 -2.0%

local authority 6 -1.0%

Petroleum Products

Auto-diesel 10 -2.0%

Gasoline 10 -2.0%

Fuel oil 10 -2.0%

Notes to Table 6.6

(1) In addition, the conservation scenario assumes implementation

of the industrial projects identified in the rocent World Bank

pro-feasibility studies over the period 1987-1989.

(2) The CEO loss reduction program is included in the base case.

The impact of the conservation program under various oil price and GDP
growth assumptions is illustrated on Figure 6.3, which shows the net foreign
exchange savings attributable to the conservation program. (The curves are
not smooth because the electric sector oil consumption trend also shows step
changes as the hydro plants come on line).



- 146 -

$U.S.
million

120 Base Case

100 /

Base Case,
80 Low Oil Price

60 

40-

20v

1984 1990 1995

Figure 6.3. Net Foreign Exchange Saving due to the Conservation Programme



- 147 -

6.4 ENERGY SECTOR INVESTMENT & DEBT SERVICE

Investment and the concomitant foreign debt service obligations are
expected to rise sharply over the next decade, most of which will be
attributable to the electric sector. Of the total energy sector investment over
the period 1985-90, the only major non-CEB items are the $40 million Single
Point Buoy Mooring (SPBM) project of the CPC, and the $20-30 million for
coal substitution and conservation investments. Overall, energy sector debt
service will triple from 2% to 6% of export earnings by 1992 (or from roughly
7.5% of the total national foreign debt service to 22%).

In this context the conservation program offers the possibility of deferring
some of the investment and hence foreign debt service from the early to mid-
1990's. The deferred construction scenario for the CEB outlined in Chapter 5,
which would delay units currently planned for the late 1980's and early 1990's
by 1 to 3 years, has a substantial impact on the debt service obligations, as
shown on Table 6.5. Obviously, a slower economic growth rate would allow
similar deferral; in both cases the higher oil import bill is more than offset by
the debt service gains.

Table 6.5 Foreign Exchange Impact of the Deferred Investment Scenario

1991 1993 1996

Low GDP

Energy Imports +1.0 +8.0 +12.0

Debt Servic * -32.3 -64.7 -80.2

Net -31.3 -48.7 -68.2

Bass Case + Conservation

Energy Imports +20.7 +23.0 +26.6

Debt Service * -32.3 -54.7 -80.2

Net -11.6 -31.7 -64.7
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CHAPTER 7

ENERGY DEMAND MANAGEMENT AND CONSERVATION

7.1 BACKGROUND AND POLICY OPTIONS

As indicated earlier (in Chapter 3), the principal users of commercial
energy (oil and electricity) in Sri Lanka are the transportation and
industrial/commercial sectors. The typical consumption pattern in Fig. 3.2
indicates consumption shares of 54% and 26% respectively. When total energy
consumption is considered (i.e. including firewood), domestic (68%) and
industrial/commercial (18%) usage are the most important. Fig. 3.1 also
indicates that where gross energy supply was concerned, fuelwood dominates
with a share of 67% whereas in the case of net energy supply, oil accounts for
as much as 46%. This disparity occurs since fuelwood is relatively far less
efficient than oil or the other commercial energy forms.

Figure 7.1 shows that electricity requiirements in Sri Lanka have been
dependent on economic growth. The annual growth rate of electricity Y
generation increased significantly from an average of 6.5% between 1970 and
1977, to an average of 11.2% between 1977 and 1982. Between 1982-86,
growth has dropped back to 6.3% but electricity requirements are expected to
increase at approximately 11% for the rest of the decade. Similarly Figure 7.2
indicates how net oil imports grew rapidly at 10% per alnum from 1977 to
1980, and 15.4% from 1980-1982. Since then oil imports have declined
sharply, to 6.7% between 1982 and 1986. Sri Lanka's oil import bill has
moved correspondingly (see Table 3.2). The 1982-86 decline is attributed to a
long-run response to the oil shorks, and the fact that rupee prices of
petroleum products did not follow the international price decline. Thus,
during the late 1980's, Sri Lanka's net oil import bill was not expected to
decline significantly, and could even increase.

In this context a demand management and conservation program aimed at
achieving higher levels of energy efficiency for commercial fuels becomes of
paramount important. In particular, it is foremost among Sri Lanka's options
for reducing its large oil import bill.

Activities of the Energy Efficiency, Demand Management and
Conservation (EDMAC) Task Force (see Chapter 3 for details) fall under the
comprehensive National Energy Demand Management and Conservation
Programme (NEDMCP) (Munasinghe, 1984b), which seeks to reduce the
consumption of oil and electricity. Some of the beneficial impacts of
NEDMCP are already being felt and these will increase with time.
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The NEDMCP seeks to achieve greater energy efficiency in the use of
commercial fuels (electricity and oil) in the following sectors: (a)
Industrial&Commercial; (b) Transport; (c) Household and other; (d) Energy
Supply -- Ceylon Electricity Board (CEB), Lanka Electricity Company (LEC),
and (e) Agriculture. The underlying rationale for energy conservation
(especially oil) is summarized below.

In the short-run (2-3 years), the policy options that provide the best pay-
off involve demaild management and conservation (DMC). The NEDMCP and
national fuelwood conservation programme (NFCP) (see Chapter 4 for details)
have been designed for this purpose. In the medium-run (5-10 years), further
development of energy resources will yield results, including hydro and coal for
electricity, fuelwood plantations and oil exploration. The long-run (10-15
years) policy objective was to plan and pursue macro-economic and sector-wise
structural adjustments leading to an economically optimal, less energy intensive
growth path.

Energy Pricing Policy

Up to about 1980, energy policy in Sri Lanka was based mainly on
sociopolitical considerations and financial or accounting criteria such as earning
sufficienlt sales revenues to meet operating and investment costs. Since 1982,
however, there has been increasing emphasis on the use of economic principles
in order to encourage more efficient consumption and production of energy.

More specifically, economic efficiency has been recognized as a useful
starting point for price setting, based on the need to optimize resource
allocation and output growth. However, several other pricing policy objectives
including the financial requirements of energy supplying institutions, social
equity and basic energy needs of the poor, comprehensibility and stability of
energy prices, metering and billing constraints, and special considerations such
as regional development, also influence energy prices.

Since these criteria are often in conflict with one another, the Sri Lanka
integrated energy pricing policy seeks sufficient flexibility to accommodate
tradeoffs among them. Thus in the first stage, a set of prices based oni the
marginal opportunity costs (MOC) of supply is sought to meet the strict
economic efficiency objective. In practice, it has proved easier to begin the
optimal pricing procedure from MOC, because supply costs are generally well
defined (using techno-economic considerations). In the secoi tl stage of price
setting, the MOC-based efficient prices are adjusted to meet the other goals of
pricing policy (indicated earlier).
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For a non-traded form of energy like electricity, a practical measure of
MOC is the long run marginal cost (LRMC) of power supply. LRMC is
estimated for the CEB power system using the economic opportunity costs or
shadow prices for inputs to the power sector (like capital, labor, and fuel),
instead of purely financial costs. This approach facilitates efficient utilization
of capacity to meet peak demands, with price structures that vary with the
marginal costs of serving demands: by different consumer categories; in
different seasons; at different hours of the day; by different voltage levels; and
in different geographical areas. In particular, with an appropriate choice of
the peak period, the structuring of LRMC-based tariffs by time-of-day generally
shows that peak consumers should pay both capacity and energy costs,
whereas off-peak consumers need to pay only the energy costs. Similarly,
analysis of LRMC by voltage level indicates that the lower the service voltage,
the greater the costs imposed on the system by consumers. For tradable fuels
like oil products the international or border prices (c.i.f. price of imports to
Sri Lanka) are used as appropriate indicators of MOC.

Next, the MOC based on strictly efficient prices of electricity and oil
products are modified to arrive at a practically implementable price structure
that also meets the non-efficiency objectives mentioned earlier.

The purely financial goals used in Sri Lanka relate to meeting the revenue
requirements of the CEB and CPC, and are embodied in criteria such as some
target financial rate of return on assets, or an acceptable contribution toward
the future investment program.

Next, we consider the income distributional objective. Sociopolitical or
equity arguments have been used to support subsidized prices or "lifeline"
rates for energy, especially since the costs of energy consumption are high
relative to the incomes of poor houscholds. Targeting specific consumer classes
such as poor households, and limiting the cheap price only to a minimum
block of consumption is considered important, and is easiest to implement for
metered forms of energy like electricity. Other means of discriminating, such
as rationing are also used in the case of kerosene but these are more difficult
to apply effectively.

In practice, an attempt is made to carefully determine the magnitude of
the minimum consumption, to avoid subsidizing relatively affluent consumers.
The subsidy is based on acceptable criteria for identifying low-income groups
and reasonable estimates of their basic energy requirements. The subsidized
price level relative to the efficient price is determined on the basis of the poor
consumer income level in relation to some critical consumption level or poverty
threshold. The financial requirements of the energy sector are also considered
in determining the magnitude of the subsidy.
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Finally, the other criteria mentioned earlier also affect the final structure
of retail electricity and oil prices.

Although the scope of this volume does not make it possible to provide a
detailed analysis of the evolution of actual energy prices in Sri Lanka, some
general poiIlts are worth noting. Petroleum prices were raised in July 1983 to
reflect higher costs, and the virtual elimination of the general subsidy on
kerosene in the process was particularly significant. This revision brought
about an important rationalization to the price structure, since it made
possible the increase of industrial diesel prices without fear of substitution by
cheap kerosene. Gasoline prices are significantly above border prices and
provide an important source of revenue. In the case of electricity, tariffs were
rationalized in mid-1982, bringing them more in conformity with long-run
marginal costs. Thus, commercial energy prices now generally reflect efficiency
prices and are now generally supportive of demand management efforts.

7.2 INDUSTRIAL AND COMMERCIAL ENERGY CONSERVATION
PROGRAM (IECP)

As mentioned above, the industrial and commercial sector has been a
major consumer of Sri Lanka's oil and electricity. Thus IECP has a potential
for realizing energy savings up to about five hundred million rupees per year,
within a 2 to 3 year period. This programme, which consists of four phases,
was launched by EDMAC in collaboration with the Ministry of Industries and
Scientific Affairs and other government energy institutions, to promote demand
management & conservation (DMC) among large industrial and conmmercial
consumers (see Figure 7.3).

The four phases were designed as follows:

Phase I: sensitization and an informational campaign to promote energy
conservation among senior company executives and plant managers.

Phase II: training of plant engineers in the technical and financial evaluation
of conservation possibilities.

Phase III: identification, analysis, financing and implementation of specific
conservation projects in key industrial and commercial energy consumers.

Phase IV: dissemination of energy conservation expertise, by promoting energy
conservation among middle and small size industrial and commercial
enterprises, and the establishment of energy conservation as a self-sustaining
activity in industry and commerce.
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IJnder Phase I, a two week introductory course for senior energy managers
in large private and public sector establishments was held. In this course
there was unanimous support for the present and contintuing work of the
NEDMCP. A proposal to set up an Energy Conservation Fund to finance
energy conservation and substitution projects was developed and submitted to
the Cabinet of Ministers. The fund was set up in 1983 with an initial
contribution of Rs. 5 million from the Ministry of Finance and Planning, and
with further contributions coming from both government and private
organizations as well as foreign sources. A half-day Senior Executive Seminar,
inaugurated by the President of Sri Lanka, was also held in July 1983 for
over 150 heads of large enterprises and senior ministry officials (Munasinghe,
1984a). Once again, very strong support was expressed for the present and
future activities in DMC.

Phase II began with the intensive training course on DMC held in
December 1983, followed by in-depth energy audits at selected factories
scheduled from February to April 1983. The 50 participants in the training
course were chosen from among the largest energy consuming public and
private sector industrial and commercial institutions. These firms account over
70% of oil and electricity consumption by the industrial and commercial sector
in Sri Lanka, and 22% of total oil and electricity use in Sri Lanka. Both
foreign and local specialists delivered lectures to participants. A comprehensive
energy conservation and audit manual which fully describes the latest energy
conservation techniques, has been distributed to all participants. This
knowledge has been used to carry out more comprehensive energy audits at
two selected large energy consuming firms, analyze this data and also prepare
energy conservation feasibility studies for financing. The latest instrumentation
for the audits was obtained from abroad, with the assistance of USAID.
Information and reports arising from these energy audits were used as input to
Phase III.

With the completion of Phases I and II, Phase III began with a
donors/financiers meeting arranged in January 1984 to inform potential foreign
and local sources of funding about NEDMCP. The results of Phase II (plus
any further work along the same lines), was used in the formulation and
appraisal of major conservation projects in the industrial and commercial
sector. Assistance was also given by the Energy Coordinating Team (ECT)
supported by expert consultants in preparing pre-feasibility studies and detailed
terms of reference (TOR's), to carry out feasibility studies- and to obtain
funding for projects. Provisions were also made to monitor and supervise
projects during implementation with general advisory and support functions
being carried out by the ECT during this period.
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With many large state owned energy consuming industries coming under
its purview, the Ministry of Industries and Scientific Affairs has played an
active role within IECP. In early 1982 the Ministry set up a Working
Committee of chairmen of corporations to examine the energy consumption
pattern in the manufacturing corporations under the Ministry and to
recommend suggestions for energy conservation. This Committee made several
recommendations. In the same year the Minister of Industries & Scientific
Affairs directed that all manufacturing industrial corporations appoint an
Energy Manager in their corporation so that there could be one officer at a
high level who could monitor the energy consumption in his work-place and
devise energy saving measures.

As part of Phase III, several foreign donors have begun participating in
programs of assistance to the Corporations coming under the Ministry of
Industries and Scientific Affairs, and other public and private sector industries.
The UNIDO has provided assistance to four public corporations under the
Industries Ministry: Sri Lanka Cement Corporation, Sri Lanka Ceramics
Corporation, Sri Lanka Steel Corporation and Paranthan Chemicals
Corporation. The UNIDO Programme of assistance covered the following
areas:

(i) Assistance to the Cement Corporation, Ceramics Corporation, Steel
Corporation and Paranthan Chemicals Corporation in:

- Designing effective, energy management and control systems and their
introduction.

- Providing instrumentation and energy measuring equipment.

- Implementation of energy savinig measures.

(ii) Training programmes including provision of training materials, methodology
manuals etc. to other public & private sector industries.

- Short term training course abroad (about 5 - 6 weeks duration) for
energy managers from public and private sector enterprises.

(iii) Providing short term consultants for the Ceramics Corporation, Steel
Corporation and the Paranthan Chemicals Corporation t(i design energy
maniagemenit systems, offer technical advice on the energy usilng equipment and
prepare pre-feasibility studies etc.
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(iv) Demonstration of project findings & dissemination of information on
energy conservation.

The UNIDO also agreed to finance an Energy Consultancy Service for the
National Engineering Research & Development (NERD) Centre and to provide
an "Energy Bus" to conduct mobile energy audits.

The Swedish Development Agency (SIDA) financed the supply of
equipment and energy audits in four other public sector corporations:ti) National Paper Corporation

ii) Ceylon Plywoods Corporation
iii) State Hardware Corporation, and
iv) British Ceylon Corporation.

The SIDA assistance consisted of:

(a) A detailed energy audit which would be the basis of all energy
conservation activities in the 4 corporations.

(b) Supply of energy audit equipment which would provide a continuous
feed back of the energy situation in the factories.

(c) The practical training given to the factory personnel during the
installation of the measuring instruments, and their demonstration during
the energy audit exercise.

(d) Training in improved maintenance operating routines which will help to
avoid the wastage of energy and the production disturbances caused by
the mechanical failures.

(e) Training was also provided in:ti) Energy efficiency in supply system
ii) Determining of boiler efficiency
iii) Energy conservation measures
iv) Measurement Techniques

An energy audit of the Ceylon Oxygen Co. led to the rec)mmendation for
an investment in retrofits. Implementation of this proposed has resulted in an
annual saving of 6% of electricity.

In May-June 1984, a World Bank team carried out pre-feasibility studies
of energy conservation projects in 18 industrial and commercial institutions in
Sri Lanka. This study, which was part of the joint UNDP/World Bank
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Energy Sector Management Assessment Program (ESMAP) is the most
comprehensive of the studies carried out thus far in the industrial/cominercial
sector. Sixteen industrial plants, one hotel and the Colombo General Hospital
were the targets of this study. The industrial plants included public sector
corporations manufacturing products such as steel, plywood, paper, ceramics
and chemicals; one state owned tea factory; and several private industries.
These studies identified possible energy conservation projects which involve
work ranging from low-cost measures such as changes in operational
procedures, to more expensive investments, such as waste heat recovery
systems. Total energy cost reductions of almost 25% were identified, yielding
annual savings of about US$ 4.2 million for a one-time total investment of
US$ 9.1 million.

Some of the institutions surveyed already had ongoing conservation
programs and required no further technical or financial assistance. In most
cases, however, the need for such assistance was identified by the mission. In
such cases, the next step was to evaluate the identified projects at the
feasibility level. In anticipation of donor support for such feasibility studies,
the government started to put into place the institutional framework to
implement the ensuing conservation projects. In particular, attention was paid
to a financing program. EDMAC initiated a dialogue on energy conservation
with the two local development banks - National Development Bank and the
Development Finance Corporation of Ceylon - who indicated an interest in
receiving assistance to set up the administrative procedures required for
expediting the financing of these projects.

In the fourth and final phase which has been under way since late 1984,
thLe core team of specialists trained during Phase II and III are helping to
train and assist a much wider group of Government and private sector
specialists in DMC. They also encourage other institutions to offer emnergy
audit and conservation services, based on the manuals and case studies
produced in Phase II and III. Energy audit and conservation services are
becoming routinely available to middle and small size enterprises, and such
activities are also being actively promoted through bodies such as the Chamber
of Industries and Chamber of Commerce. There are also encouraging signs
that several public and private sector organizations are already offering energy
audit and conservation services to industry, and buildinig up to Phase IV,
where conservation becomes a self-sustaining activity. A non-governmental
professional body called the Sri Lanka Energy Managers Association (SLEMA)
has also been set up. The potential costs and benefits of IECP are
incorporated into the simulations described in Chapter 8.
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7.3 TRANSPORTATION ENERGY CONSERVATION
PROGRAMME (TECP)

A Special Working Group (SWG) on Energy in Transport has been set up
which includes senior managers from concerned government Ministries,
Departments and Corporations. It is being assisted by both local and foreign
experts.

The SWG is concentrating initially on drawing up a list of energy saving
recommendations that will have an immediate impact. These proposals have
been put up to the government for implementation.

As a longer-term objective, the SWG has also identified areas for further
study in the context of overall transport sector policy, including optimal inter-
model choice, urban and rural locational and demographic patterns, etc.

7.4 ENERGY SUPPLYING INSTITUTIONS

The National Energy Demand Management and Conservation Programme
also incorporates and promotes loss reduction programmes in the CEB, LEC,
and CPC. In the case of the CEB and LEC, distribution loss reduction
programmes have been started which look at:

(a) Reconductoring of existing lines where necessary.

(b) Correction of power factor on transmission lines.

(c) Distribution transformer load management.

It is envisaged that annual savings of up to Rs.500 Million would be
possible after this programme is completed, in about 4 years.

The CPC is also implementing a programme of loss reduction in their
refining operations and are monitoring the losses which occur in the
distribution of petroleum products.
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7.5 HOUSEHOLD AND OTHER

The ECT is supporting and encouraging the efforts of the CEB and CPC
in disseminating electricity and oil saving measures through the media, leaflets
and other means.

In Oct-Nov 1985, representatives of the Dutch Government carried out a
mission to identify potential areas for assistance in energy efficiency, demand
management and conservation, and in new, renewable and rural sources of
energy. The broad objective of identified projects was the decrease in annual
consumption of firewood in the short term, and the establishment of
infrastructure for a balanced production/consumption system for fuelwood in
the medium and long term. The Dutch Mission expressed their support for
the existing proposal for dissemination of fuelwood efficient stoves in urban
and rural areas in Sri Lanka (See Chapter 4). On the supply side, the
proposal also covered rural electrification off the CEB grid as well as by the
installation of Solar PV cells in isolated rural areas.

7.6 AGRICULTURE

Work on the potential for energy saving and substitution in agriculture
lhas been initiated, in collaboration with other concerned government agencies,
including the Agricultural Research and Training Institute (ARTI). Here again,
the Dutch mission identified many possibilities. Where energy conservation in
agriculture was concerned, these included:

1. Installation of efficient fuelwood fired furnaces in the tea industry.

2. Installation of efficient fuelwood fired furnaces in the rubber industry.

3. Energy efficiency survey in the tea industry (with possible follow-up in
the rubber and coconut industries).

In 1983, the share of exports from tea, rubber and coconut amounted to
over 50% of Sri Lanka's total. These industries are also major consumers of
firewood. Thus, it is appropriate that they have become the focus of
attention for energy conservation in agro-industry.

As a result, the following areas were identified for potential savings in the
tea manufacturing process:
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1. Reducing fuelwood consumption by proper storage of fuelwood,
installation of highly efficient heaters, and the more efficient use of
produced energy.

2. Changing over from industrial diesel to the cheaper furnace oil.

3. Installation of power factor correction.

Besides the use of direct conservation measures to reduce the annual
fuelwood consumption, the Dutch Mission also identified two other areas for
increased energy efficiency on tea estates. The first of these is producer
gasification of fuelwood for electricity generation. In this case, clean flue gases
become available for the drying of the tea, thus avoiding high stack losses and
increasing efficiency by about 40%. The other area is fuelwood plantations, in
which old and less suitable tea growing fields may be used for establishing
fuelwood plantations.

Firewood is consumed in the rubber industry for sheet and crepe rubber,
the two final products at the estate level. Uprooted rubber trees are the
main source of firewood at present, but this source is fast receding as the
current replantation program comes to an end. The following measures were
proposed for energy conservation in the rubber industry:

1. Installation of covered firewood storage in order to dry the wood before
firing;

2. Installation of efficient furnaces; or

3. Installation of an economizer (water/flue gas heat exchanger) in the
stack, which would reduce present stack temperatures of up to 250 C
to about 100 C.

4. Use of modern drying processes such as vacuum drying.
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CHAPTER 8

A NATIONAL ENERGY STRATEGY FOR SRI LANKA

8.1 THE MAJOR ISSUES

Given Sri Lanka's precarious balance of payments position, its absence of
fossil fuels, and the critical fuelwood situation, the basic directions of policy
are clear. In contrast to many other countries in South Asia that nature had
endowed with significant fossil resources (natural gas in Pakistan and
Bangladesh; coal, oil and gas in India), the prospects for discovering similar
resources in Sri Lanka remain poor. In such a situation, not only are the
energy options more limited, but also the failure to adopt a comprehensive,
long-term strategy are much more severe. Otherwise, the ever increasing oil
import needs will result in severe foreign exchange difficulties, having the effect
of dampening economic growth. Moreover, continuing deforestation will also
have severe adverse consequences.

Thus, four major issues have been identified as critically affecting a
national energy strategy for Sri Lanka. These are:

1. Oil imports and the balance of payments.

2. Energy and macroeconomic development.

3. Investment and debt service.

4. Vulnerability to drought.

5. Deforestation and fuelwood use.

Items 1, 2 and 3 have already been discussed at some length in Chapters 6
and 7 and will only be briefly reviewed here.

Oil Imports and the Balance of Payments

Despite the recent decline in world oil prices, the oil import bill
continues to place a severe strain on Sri Lanka's balance of payments. As
observed in Chapter 6, there is considerable uncertainty as to the future trend
in payments for net oil imports. However, it seems unlikely that a further
decline would occur in the medium term.

Energy and Macroeconomic Development

Chapter 7 has drawn attention to the observed significant relationships
between energy demand and economic growth. Proposed structural changes in
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the economy to achieve external balance (such as import substitution) have
also been discussed. However, it should be noted that even under a low-
growth scenario in this restructured economy, energy consumption may not
decline, since many of the changes were proposed in low energy-intensive
sectors. Thus, the early 1985 model runs showed that in the slower GDP
growth scenario (i.e. growth rate declining to 3.5% by 1990, rather than
maintaining the expected level of 5.5%), the oil import bill would still be of
the order of $550m by 1990, accounting for 32% of export earnings (compared
with 27% if GDP growth can be maintained at 5.5%). While energy
conservation efforts do help (see Section 8.3), the overall economic growth
continues to drive energy demand.

Investment and Debt Service

As discussed in Chapter 6, debt service on energy sector investments
would place a further burden on the balance of payments in the years to
come.

Vulnerability to Drought

As shown by the experience in 1983-1984, drought conditions have a
number of severe impacts. Oil dependent thermal generation (to substitute for
hydroelectricity) places even more burdens on the balance of payments. In
cases of severe drought, load curtailments may be necessary. As the CEB
system becomes more dependent on hydroelectricity in the short to medium
run (up to the early 1990's), and because the catchment areas are
concentrated in a relatively small geographic area, the impact of droughts also
becomes relatively more significant.

8.2 THE BASIC DIRECTIONS OF POLICY

increasing the Efficiency of Energy Use

Increasing energy efficiency is not merely for short-term benefit, but must
be pursued consistently over the longer term. Lacking its own fossil resources,
for the next 30-40 years the bulk of Sri Lanka's energy must come from
imported fossil fuels, until sometime in the 21st century when they will be
replaced by newer energy technologies. Without a sustained effort to maximize
the efficiency of fossil fuel utilization, development objectives will inevitably be
compromised.

In a similar vein, those domestic resources that are available must be
utilized more effectively. The forest resource is a priceless asset upoIi which
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the bulk of the population still depend for their basic energy needs. Unless
fuelwood is used more efficiently, the long term consequences will be
catastrophic. Therefore, the NEDMCP and NFCP niust be expanded rapidly
and pursued vigorously, by the EDMAC and NERSE Task Forces in
collaboration with other concerned institutions.

Efficient Pricing

Recent changes in electricity and oil prices have brought average
commercial fuel prices close to economically efficient levels (i.e., border prices).
These favorable trends must be maintained to ensure good demand
management. While average prices are reasonable, the detailed structure of
electricity and petroleum product prices need to be further revised--especially
prices of kerosene and diesel relative to gasoline.

Reducing the Vulnerability to External Shocks

Over the past decade Sri Lanka has experienced nunierous external shocks
effecting both the energy sector and the economy as a whole, particularly the
two oil price shocks of the 1970's, and the 1983-84 drought. In order to
reduce this vulnerability, diversification of both the type and source of energy
is important, e.g. increasing coal use for power generation and industrial
energy, purchasing petroleum products and crude from a variety of sources,
including the spot market, all decrease vulnerability as well as cost.

Maximizing Indigenous Resources

Hydroelectricity and fuelwood represent the country's two main indigenous
fuels. Even if commercial oil deposits are found in the next few years, and
even if the efforts to commercialize other renewable eniergy technologies--small
hydro, producer gas, wind, solar heating, etc.--are successful, conventional hydro
and fuelwood will be the main sources of domestic energy until the year 2000.

Rationalizing the Institutional Framework

Prior to 1983, the institutional framework was fragmented with the
various energy sector line institutions like CEB, CPC, Forest Department,
NARESA, Mahaweli Development Authority etc., all reporting to different
Ministries. As mentioned earlier a number of reforms were made in late 1982.
The ECT was set up to formulate and coordinate policy. Thiis mechanism is
working well with each of the three task forces EPPAN, EDMAC and NERSE
responsible for one major programme (NES, NEDMCP and NFCP respectively),
and many smaller initiatives. This framework should be maintained and
strengthened.
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More recently, the Lanka Electricity Company was created as a
subsidiary of the CEB to gradually take over electricity distribution and the
CEB was absorbed within the Ministry of Power and Energy--further
consolidating policy coordination and implementation in the commercial fuels
sector. The NES should be implemented using the framework of the ECT for
overall coordination, and the line agencies for implementation.

The specific policy initiatives necessary to implement these broad
directions can be divided into three categories: (i) short-term options, that
provide measurable results within 1-3 years; (ii) medium-term options, whose
gestation period is such that implementation measures must be undertaken now
even though results will require 5-10 years; and (iii) long-term options, that
address issues likely to be experienced beyond 1995.

8.3 SHORT TERM OPTIONS

Conservation Initiatives

A comprehensive programme of conservation initiatives, encompassing
electricity as well as petroleum products in the transportation and industrial
sectors is of high priority. This will have long-term as well as short-term
benefits. If the present goals of the EDMAC programme are met (see Table
8.1, also Table 6.4), the savings on the aggregate oil import bill by 1990 are
estimated as shown on Table 8.2.

Table 8.1 NEDMCP Conevation Goals

Equivalent Annual
Impact on Growth

1990X Saving Rat. of Demand

Electricity (2)
Domestic 5 -1.0%
Large Industry 10 -2.0X
Small + Medium Industry 10 -2.0%



- 168 -

Table 8.2 Oil Import Savings Due to the Conservation Program
- US$ Millons

1988 1992

Base Case GDP Growth 25.3 56.0

Low GDP Growth 24.9 49.5

The conservation programme is therefore seen to provide substantial
benefits independent of the state of the world oil market. It also serves to
cushion the impact of droughts, as shown in Figure 8.1 under the current
capacity expansion plan of the CEB attainment of the electricity conservation
targets reduces oil consumption to very low levels even in drought years.

The National Fuelwood Conservation Programme (NFCP)

As discussed earlier, the NFCP seeks to address fuelwood and
deforestation issues by improved management of both fuelwood supply and
demand. The detailed analysis in Chapter 4 documents the urgency of the
problem, and the potential impact of failure to pursue the programme with the
greatest urgency. The estimates indicate that from fuelwood consumption
alone (i.e. ignoring such factors as construction timber demands), the natural
forest cover will decline from abont 1.6m ha to 0.3 to 0.5m ha by 2010,
depending on assumptions about the sustainable yield. Obviously, at these
levels of resource depletion, sharp price increases for fuelwood can be expected,
leading in turn to possible substitution by expensive, imported petroleum
products. Moreover, the environmental consequences of almost complete
denudation of forest cover are equally severe. The NFCP must be given top
priority.

However, this programme, while clearly yielding short-term benefits, is
essentially of a one-time nature. It will reduce fuelwood constlrnption over the
short- to medium-run, but cannot arrest the longer term trends--as
development proceeds and the economy and population increase. As shown in
Figure 8.2, even if all households adopt the improved stoves by 1989, total
consumptioni will again begin to increase after 1990, and consumption will
again be at or above present levels by the turn of the century.
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Oil Acquisition Strategy

Given the volatility of the world oil market, the principal priority is for
a more flexible acquisition strategy that can respond quickly to relative price
changes. Our detailed analysis indicates that whilst the current operation of
the refinery is near optimal, small changes in relative prices have a significant
impact, particularly when crude prices are in imbalance withl those of refined
products. A start towards more flexible operation has already been made by
allowing CPC to purchase a higher fraction of crude on spot markets, and the
refinery optimization model, originally developed by the ECT, is being used to
assist oil purchasing strategy. The Single Point Buoy Mooring project will
also serve to lower the total crude cost by about US$6/ton (and have the
additional benefit of reducing congestion in Colombo harbour). However, there
remain some areas where lack of flexibility hinders optimal management, such
as the long time lag involved in adjusting foreign bunker prices.

Continued attention to the oil acquisition strategy is especially warranted
in light of the significant changes in the regional oil market anticipated as a
result of the large additions of refinery capacity in the Persian Gulf countries
that are now coming on line. Whilst the precise impact is subject to
uncertaiiity, in light of the worldwide excess refining capacity, the low crude
acquisition cost for these refineries will undoubtedly allow them to increase
their market share of refined products at the expense of older, smaller
refineries.

Oil Pricing Policy

The importance of maintaining a petroleum product pricing system based
on the foreign exchange cost to the country has been examined by simulating
the energy system under alternative price elasticity assumptions. The results
confirm that energy pricing is an essential instrument of energy conservation
policy (see also Chapter 6). Case 1 assumes that prices will stay at their
current level in real terms: the impact on oil consumption (and the oil import
bill) is simulated by assuming zero price elasticity of demand. Cases 2 and 3
reflect different levels of price response to the increases in the real oil price in
the base case scenario for the world oil price.
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Table 8.3 Impact of Petroleum Product Pricing Policy

Oil Imports Foreign Exchange
1000 Too US Millions

No price adjustment 2678 625

Prices Adjusted to
Border Price:

Elasticity = -0.15 2594 596
Elasticity = -0.3 2617 568

1/ Oil + Coal Imports less Bunkers and Petroleum Product Exports.

These results indicate the serious consequences of any failure to maintain
domestic retail oil prices consistent with border or economically efficient prices.

8.4 OPTIONS FOR THE MEDIUM TO LONG TERM

A second set of options can be expected to become effective over the
medium to long term. Due to their long-term impact, however, even if they
are implemented aggressively it will take at least 5 years before they will have
any measurable impact on the overall energy situation. However, this long
gestation period is the very reason why it is important that these programmes
begin to be pursued vigorously at the present time.

Plantation Programmes

While the NFCP is clearly essential, it must be recognized that even an
aggressively promoted cookstove programme does not address the long-term
problem, as already noted. Indeed, the detailed analysis of Chapter 4 shows
that the breathing space afforded by NFCP over the next few years must be
used to put in place a plantation programme of at least 1000 ha/year, in
addition to the programmes already underway (that provide for about 5000
ha/year). The long term foreign exchange consequences of a depleted forest
resource are extremely serious, quite aside from the impact on rural families
whose household budgets would then face the cost of commercial fuels. In
1985, fuelwood is estimated to have provided some 4.3 million tons of oil
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equivalent energy; even when one takes into account the much higher
efficiencies at which petroleum utilizing devices operate, this still represents an
avoided exchange cost of $200 million.

Renewables

The NERSE task force has been established to coordinate the
development of a variety of renewable energy sources. Whilst some of these
technologies appear promising, a concerted effort will be necessary to establish
coherent implementation. To examine the scope of the impact of such efforts,
we have postulated an optimistic scenario for the penetration of these
technologies into the economy, as shown on Table 8.4.

Table 8.4 Maximum Renewablec Case

Basis 1996 Owh

Small Hydro 15 MW by 1995 39
Wind 5 MW by 1995 20
Produc-r Gas One 150 KW Unit Per Year S
Solar Water Heater* 30000 Panels in Place 21

(6 KWh equivalent par day)
Photovoltaics 10000 Panels in Place 8
Biogas 5000 Systems, 1.8 KWh per day 3

Even under these rather optimistic assumptions, our analysis indicates
that these technologies would displace only 2% of CEB's 1995 generation. The
corresponding reduction in the oil import bill amounts to only 1% by 1995.

Long-Run Options

Finally, we turn to a discussion of some long-run options, which will not
affect the energy system until well beyond 1995, but which merit continued
attention.
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Nuclear Energy

Until the electric system load reaches at least 2000-2500 MW, nuclear
power plants are not viable on the basis of present data, from a technical,
systems and economic standpoint. Since a 2000 MW demand can be expected
at the earliest by the turn of the ceiitury, nuclear power would be an option
only beyond the year 2000. However, it should be noted that unlike other
South Asian countries, whose longer term power generation prospects are
expected to rely heavily on domestic resources (lignite, coal and natural gas),
the long-term prospects for power generation in Sri Lanka are unclear. Even
if all the remaining hydropower is exploited, including small hydro, at some
point substantial thermal generation for baseload is inevitable. Therefore,
whilst nuclear energy is not an option of any immediacy, the situation needs
periodic review, especially if technical innovations make smaller units in the
300-500 MW size range economical. Training of manpower and monitoring of
nuclear technological developments abroad should be pursued to maintain
readiness.

Finally, the strategy outlined in this chapter raises a number of
important implementation issues. First, a substantial expansion of the
plantation programme has been recommended. Even if higher planting
densities prove feasible, questions of land availability will arise. Moreover, the
ability to mount an expanded programme will also depend upon the
managerial, personnel and resource capabilities of the relevant institutions.
Indeed, further technical assistance to strengthen the forestry sector may be
necessary to lay the groundwork for an expanded programme. Second, with
regard to electricity investments, even with the ulnit deferrals that may be
possible with a successful conservation programme, financing for a number of
plants has yet to be identified.
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