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@BSTRACT
pre-requisite for economic development and
LDCs are struggling to meet energy needs at
acceptable costs. LDC decisionmakers share the
worldwide environmental concems, but also
face other urgent issues like poverty. The
difficult dilemma facing the developing coun-—

:- Increased energy use is a vital

tries is how to reconcile development goals —-—
which will require increased use of energy and
raw materials -- with responsible stewardship
of the environment. In view of the severe
financial constraints that developing coun-
tries already face, the response of these
countries in relation to environmental preser-
vation cannot extend beyond measures that are
consistent with near-term economic development
goals. The industrialised countries can afford
to substitute environmental protection for
further material growth, but the LDCs will
need more conventional aid to address local
environmental issues, as well as additional
concessional funding to participate in solving
glabal environmental problems. Global finan-
cing issues may be analysed and resolved
through tradeoffs among several criteria
including affordability/additionality,
ness/equity, and economic efficiency. The
short-term LDC response to energy-environmen-
tal problems will be limited mainly to conven-
tional technology based efficiency improve-
ments, oconservation and resource development.

fair-

The industrialised nations should provide

financial resources to LDCs and develop the

technology to be used in the 21st century.
Pilot international funds like the Global
Environmental Facility and the Ozone Fund will
help LDCs participate in the effort to solwve
global environmental issues.

INTRODUCTION

Energy became a major intemational issue
in the 1970s, following the oil crisis. More
recently, global climate change induced by
excessive greenhouse gas accumulation in the
atmosphere has emerged as a potential problem
that further camplicates energy issues. In
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this paper, we will focus on energy related
environmental issues in the developing coun-
tries. The dewvelopment related energy needs of
the third world and their financial implica-
tions, the potential for better energy manage-
ment, barriers to reducing greenhouse gas
emissions, and financial mechanisms and
policies that can improve the performance of
developing countries in this respect, will be
explored below.

The experience of the industrialized coun-
tries emphasizes that a reliable supply of
energy is a vital prereguisite for economic
growth and development. For example, the
observed trends relating to electricity demand
in developing countries (which indicate annual
growth rates in the region of 6 to 12 percent)
are consistent with the development objectives
that these countries all share (Minasinghe
199, World Bank 1‘990). Up to the present
time, many developing countries have been
struggling with the formidable difficulties of
meeting these needs for energy services at
acceptable costs. If such needs cannot be met,
econamic growth is likely to slacken and the
quality of life will fall.

Given these already existing handicaps, the
growing additional concems about the environ-
mental consequences of energy use considerably
complicate the policy dilemma facing the deve-
loping countries. In the past, industrial
countries that faced a tradeoff between
economic growth and environmental preservation
invariably gave higher priority to the former.
These richer countries have awakened only
recently to the environmental consequences of
their economic progress, and only after a
broad spectrum of economic objectives have
been reached. This model of economic and
social development has been adopted by many
third world regions. Therefore, until both
developed and developing countries find a less
material intensive sustainable development
path, environmental protection efforts will be

hampered.

The developing countries (LDCs) share the
deep worldwide concerns about environmental
degradation, and some have taken steps already
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to improve their own natural resource manage-
ment as an essential prerequisite for sus-
tained economic development. However, they
also face other urgent issues like poverty,
hunger and disease, as well as rapid popula-
tion growth and high expectations. The paucity
of resources available to address all these
problems constrains the ability of LDCs to
undertake costly measures to protect the
global cammons.

The crucial dilemma for LDCs is how to
reconcile development goals and the elimina-
tion of poverty -- which will require
increased use of energy and raw materials --
with responsible stewardship of the environ-
ment, and without overburdening already weak
econamies. The per capita GNP of low income
economies (with half the world population)
averaged US$290 in 1987, or under one sixtieth
of the US value ($18,530). In the two largest
developing countries, India and China, per
capita GNP was $300 and 290 respectively.
Correspondingly, the US per capita energy
consumption of 7265 kilograms of o©il egui-
valent (kgoe) in 1987 was 35 and 15 times
greater than the same statistic in India and
China respectively.

The disparity in both per capita incame and
energy use among different countries also
raises additicnal issues in the context of
cuwrrent global environmental concerns, and the
heavy burden placed on mankind's natural
resource base by past economic growth --
fossil fuwel related CO, accumulation in the
atmosphere is a good example. The developed
countries accounted for over 80% of such cumu-
lative worldwide emissions during 1950-86 --
North America contributed over 40 billion tons
of carbon, Western and Eastern Europe emitted
25 and 32 billion tons respectively, and the
developing countries share was was about 24
billion tons. On a per capita basis the con-
trasts are even more stark, with North 2America
emitting over 20 times more and the developed
countries as a whole being responsible for
over eleven times as much total cumulative COy
emissions as the LDCs. The LDC share would be
even smaller if emissions prior to 1950 were
included. Clearly, any reasonable growth
scenario for developing nations that followed
the same material-intensive path as the indus-
trialised world, would result in unacceptably
high levels of future greenhouse gas accumu-
lation as well as more general depletion of
natural resources. '

Up to now, scientific analysis has
provided only broad and rather uncertain pre-
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dictions about the degree and timing of pota
tial globa]‘ warming. However, it would !
prudent for mankind to buy an "insuram
policy" in the form of mitigatory actions |
reduce greenhouse gas emissions. Ironicall
both local and global environmental decx
dation might affect developing countries mo
severely, since they are more dependent

natural resources while lacking the econam
strength to prevent or respond quickly °
increases in the fregquency, severity and p=
sistence of flooding, drought, storms, and !
on. Thus, fram the LDC viewpoint, an attra
tive low cost insurance premium would be a =
of inexpensive measures that could address
range of national and global environment
issues, without hampering development effort:

The recent report of the Bruntlas
Commission (WCED 1987), which has been wide
circulated and accepted, has presented ars
ments along the theme of sustainable develms
ment, which consists of the interaction of @
caomponents: needs, especially those of ©
poer segements of the world's population =
limitations, which are imposed by the abili:
of the enviromment to meet those needs. T
development of the presently industrializs
cauntries tock place in a setting whit
emphasized needs and de-emphasized 1imit:
tions. The development of these societies haw
effectively exhausted a disproportionate
large share of glcohal resources -—- broa=
defined to include bpth the resources that =
consumed in productive gactivity (such as oif
gas and minerals), as well as environment
assets that absorb the waste products of e
namic activity and those that provide irss
placeable life support functions (like =
high altitude ozone layer). Indeed, some ==
lysts argue that this development path =
significantly indebted the developed countris
to the larger global cammunity.

The division of responsibility in ===
global effort is clear fram the above ame
ments. The unbalanced use of common .resourss
in the past, should be one important basis @
which the developed and developing countzie
can work together to share and preserve W=
remains. The developed countries have alres
attained most reasonable goals of developmss
and can afford to -substitute environmesss
protection for further growth of maters
output. On the other hand, the developis
countries can be expected to participate =
the global effort only to the extent that &
participation is fully consistent with =
camplementary to their immediate economic =
social dewvelopment objectives.



In the context of the foregoing, this
paper identifies critical energy-environmental
issues, using examples from the highly capital
intensive and pivotal power sector to illus-
trate specific points. It also explores same
policy implications, constraints and opportu-
nities at the national and global level for
both the developing countries as well as the
wider intemational community, and examines
the role of emerging mechanisms such as the
global environmental fund and ozone defense
fund, in the allocation of resources for add-
ressing transnational environmental problems.

ELECTRIC POWER NEEDS OF THE
DEVELOPING COUNTRIES

Electric power has a vital role to play in
the development process, with future prospects
for economic growth being closely linked to
the provision of adequate and reliable elec—
tricity supplies. Figure 1(a) summarises the
relationship between GIP, commercial energy,
and electricity use in the OECD and developing
countries, from 1970 to 1990. Following the
oil crises of the last decades, overall energy
used per unit of GDP has declined dramatically
in the industrialised countries, but depen-
dence on electricity has increased. Based on
the OECD example, energy efficiency improve-
ments will continue to reduce the growth of
demand for commercial energy in the developing
world. However, the 1970-90 trend for elec-
tricity demand in LDCs, and the inability of
the OECD countries to significantly decouple
electricity use from GDP in the past, suggest
that the growth-related power needs of the
IDC's will increase rapidly in the future. Cne
recent long-run forecast of worldwide elec-
tricity consumption up to 2010 is shown in
Figure 1(b), with the ILDC and Soviet Union-
Eastern EBurope (SUEE) shares both rising.

In the medium term, assuming no drastic
changes in past trends with respect to demand
management and conservation, the World Bank's
most recent projections indicate that the
demand for electricity in IDCs will grow at an
~ average annual rate of 6.6% during the period
= 1989-99 (Moore 1990). This compares with
actual growth rates of 10% and 7% in the
. Seventies and eighties, respectively. Such
fates of growth indicate the need for total
' Capacity additions of 384 Gw during 1990-99
{see Figure 2), and anmal energy consumption
Of 3844 Twh by 1999. As indicated in Figure 3,
The Asia region's requirements dominate with
almost two thirds of the total, and coal and
Sydro are the main primary sources -- both of
. Which have specific environmental praoblems

associated with their use.

The investment needs corresponding to
these indicative projections are also very
large. Table 1 shows the projected hreakdown
of LDC power sector capital expenditwre in the
1990s. Of a total of $745 billion (constant
1989 US$), Asia (which includes both India and
China), again dominates, accounting for $455
billion or over $45 billion annually. In cam-
parison with the total projected annual requi-
rement for LDCs of $75 billion, the present
annual rate of investment in developing coun-—
tries is only around $50 billion. Even this
present rate is proving difficult to maintain.
Developing country debt which averaged 23% of
GNP in 1981, increased dramatically to 42% in
1987 and have not declined significantly since
then. In low income Asian countries, outstan-
ding debt doubled, from 8% in 1981 to 16% in
1987. Capital intensive power sector sector
investments have played a significant role in
this observed increase.

If the developing countries follow this
projected expansion path, the environmental
consequences are also likely to increase in a
corresponding fashion. There is already a
growing concern about the mviromne'xt:al conse-
quences at the national level, of energy use
in developing countries. At a recent workshop
on acid rain in Asia, participants reported on
a wide range of environmental effects of the
growing use of fossil fuels, especially coal,
in the region (Foell,1989). For example, total
1985 sulphur dioxide emissions in Asia were
estimated at around 22 million tons, and these
levels, coupled with high local densities,
have led to acid deposition in many parts of
Asia.

The developing countries feel that any
attempts to mitigate these environmental
effects, however, cannot jeopardize the cri-
tical role played by electric power (and more
generally, energy) in econamic development.
Similarly, the allocation of resources to
environmental programs in dewveloping countries
cannot diminish the resources needed to fund
projected expansion of supply. Energy and
environmental policymakers in both developing
countries and the global community are,
indeed, confronted with a formidable dilemma.

THE BOONOMICS OF ENFRGY—ENVIRONMENTAL 1ISSUES
The foregoing discussion has helped to
establish a rational and equitable basis for

addressing the problems of energy-environ-
mental impact mitigation. In this section we
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Table 1
Regional Breakdown of LDC Power Capital Expenditures in the 1990&

Asia EMENA—-
Generation 277 82
Transmission 39 8
Distribution 100 23
General 39 31
TOTAL 455 124

Percent 61,1 16.6

LAC Africa Total
83 6 448
32 2 81
27 2 152
13 1 64

155 11 745

20.8 1.5 100

* Europe, Middle East and North Africa (Meditarranean region)

** Latin America and the Caribbean

Source: The World Bank

pPresent an econamic efficiency framework which
ties together the issue of environmental pro-
tection with the existing energy sector goals
of energy efficiency and economic growth.

It is convenient to recall here that
traditionally, the specific prerequisites for
economic efficiency have included both
{(Minasinghe 1990b):

(a) efficient consumption of energy, by provi-
ding efficient price signals that ensure
optimal energy and
allocation; and

(b) efficient production of energy, by ensu-
ring the least—cost supply mix through the
optimization of investment planning and
energy system operation.

use resource

A new issue which has emerged in recent
decades as an area of particular concern, is
the efficient and optimal use of our global
natwral resource base, including air, land and
water. Since there has been much discussion
also about the key role that energy efficiency
and energy conservation might play in miti-
@@ting environmental costs, it is useful first
o examine how these topics relate to economic
efficiency. Specific issues dealing with the
formulation and implementation of economically
efficient energy policies are presented in
Section 4.

Major environmental issues vary widely,
Eerticularly in terms of scale or magnitude of
impact, but most are linked to energy use.
First, there are the truly global problems
such as the potential worldwide warming due to
increasing accumulation of greenhouse gases
i1ike carbon dioxide and methane in the atmos-
Dhere, high altitude ozone depletion because

{6

of release of chlorofluorocarbons, pollution
of the oceanic and marine environment by oil
spills and other wastes, and excessive use of
certain animal and mineral resources. Second
in scale are the transnational issues like
acid rain or radioactive fallout in one euro-
pean country due to fossil-fuel or nuclear
emissions in a neighbouring nation, and exces-
sive downstream siltation of river water in
Bangladesh due to deforestation of watersheds
and soil erosion in nearby Nepal. Third, one
might identify national and regional effects,
for example those inwlving the Amazon basin
in Brazil, or the Mahaweli basin in Sri Lanka.
Finally, there are mbre localised and project
specific problems like the camplex environ-
mental and social impacts of a specific hydro-
electric or multipurpose dam.

While environmental and natural resource
problems of any kind are a matter for serious
concermn, those that fall within the national
boundaries of a given country are inherently
easier to deal with from the viewpoint of
policy implementation. Such issues that fall
within the energy sector must be addressed
within the national policymaking framework.
Mearwhile, driven by strong pressures arising
fran far-reaching potential conseguences of
global issues like atmospheric greenhouse gas
accumulation, significant efforts are being
made in the areas of not only scientific ana-
lysis, but also international cooperation
mechanisms to implement mitigatory measures.

Given this background, we discuss next
same of the principal points concerning energy
use and economic efficiency (Munasinghe

1990a). In many countries, especially those in

the developing world, inappropriate policies
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Figure 2

COMPARISON OF 1989 AND 1999 INSTALLED
GENERATING CAPACITIES IN THE LDCs
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have alé:ouraged wasteful and unproductive uses
of some forms of energy. In such cases, better

energy management could lead to improvements
in economic efficiency (higher value of net
output produced), energy efficiency (higher
value of net output per unit of energy used),
energy conservation (reduced absolute amount
of energy used), and envirommental protection
(reduced energy related environmental costs).
khile such a result fortuitously satisfies all
four goals, the latter are not always mutually
consistent. For example, in same developing
countries where the existing levels of per
capita energy consumption are very low and
certain types of energy use are uneconomically
canstrained, it may become necessary to pro-
mote more energy consumption in order to raise
net autput (thereby increasing economic effi-
ciency). There are also instances where it may
be possible to increase energy efficiency
while decreasing energy conservation.

Despite the above camplications, our basic
conclusion remains valid -- that the econamic
efficié)cy criterion which helps us maximize
the value of net output from all available
scarce resources in the economy (especially
energy and the ecosystem in the present con-
text), should effectively subsume purely
energy oriented objectives such as energy
Further-
the costs arising from energy-related

efficiency and energy conservation.
more,
adverse environmental impacts may be included
(to the extent possible) in the energy econo-
mics analytical framework, to determine how
much energy use and net output that society
should be willing to forego, in order to abate
or mitigate environmental damage. The exis-
tence of the many other national policy objec-
tives -- including social goals that are par-
ticularly relevant in the case of low incame
populations -- will camplicate the decision-
making process even further.

The foregoing discussion may be reinforced
by the use of a simplified static analysis of
the trade-off between resource use and net
output of an economic activity (see Figure 4).

Energy efficiency

Y represents the usual measurement of the
net ocutput of productive econamic activity in
a country, as a function of some resource
input (say energy) -- considering only the
conventional internalised costs, i.e., not
accounting for environmental impacts. Due to
policy distortions (for example, subsidized
prices), the point of operation in many deve-
loping countries appears to be at A, where the
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resource gs being used wastefully. Therefore,
without invoking any environmental considera-
tions, but merely by increasing econamic and
resource use efficiency (i.e., energy effi-
ciency), output as usually measured could be
maximized by moving fram A to B. A typical
example might be improving energy end-use
efficiency or reducing energy supply system
losses (see Section 4 for practical examples).

Quantifiable national environmental costs

Now consider the curve ECyy which repre-
sentats econamically quantifiable national
environmental costs associated with energy
use. The latter might include air pollution
related health costs of coal power plant or
the costs of environmental protection eguip-
ment (like scrubbers and electrostatic preci-
pitators to reduce noxious gas and particulate
emissions) installed at such a plant, or the
costs of resettlement at a hydropower dam
site. The corresponding corrected net output
scurve 1is: YNQ =Y - ; which has a
maximum at C that lies to the 1left of B,
implying lower use of (more costly) energy.

Non—quantifiable national environmental costs

>

Next, consider the "real" national output
Yypewhich is net of total environmental costs,
whether quantifiable or not. The additional
costs to be considered include the unguanti-
fied yet very reals human health and other
urmonetized environmental costs. These total
(quantifiable and non—quantifiable) costs are
depicted as ECypi and once again  Yyp = Y -
ECyp. As shown, the new maximum of net output
is at D, to the left of C.

Transnational environmental costs

Finally, EC; represents the globally
adjusted costs, where the transnational envi-
ronmental costs (to other countries) of energy
use within the given country, have been added -
to ECyq.- T this case, ¥E. =-Y - BCGs; is~the
correspondingly corrected net output which
implies an even lower level of optimal energy
use.

For example, consider the costs imposed on
other countries (such as transborder impacts
of a major dam or global climate impacts of
carbon dioxide emissions). If it is decided to
reduce resource use within this country
further in order to achieve the intematio-
nally adjusted optimum at E, then a purely
national analysis will show this up as a drop

in net output, i.e. from D to E. As other




Cauntries benefit, Et;his drop in net output may
justify compensation in the form of a transfer
of resources from :_the beneficiary countries.
Note that the tranénational costs imposed by
other countries on the nation in question will
be a function of regional or global resource
use rather than the national resource use
shown on the horizontal axis.

The additional cuve Yp shows net ocutput
for a technologically advanced future society
that has achieved a much lower resource inten-
sity of production.

Policy measures for the LDCs

The foregoing analysis illustrates the
crucial dilemma for developing countries., In
Figure 4, all nations (including the poorest)
would readily adopt measures that will lead to
shift (1) which simultanecusly and unambi-
gwusly provides both economic ef ficiency and
environmental gains. Most developing countries
are indicating increasing willingness to
undertake shift (2). However, implementing
shift (3) will definitely inwolve crossing a
"pain threshold" for many third world nations,
as other pressing socioeconomic needs compete
against the costs of mitigating nonquanti-
fiable adverse environmental impacts.

We note that real economic output
increases with each of the shifts (1), (2) and
(3) -- shown by the movement upward along the
curve YEyp ; from G to D. However, these
shifts are mistakenly perceived often as being
upvard only from A to B (energy efficiency
improvements), follaowed by downward movements
from B through C to D. It is therefore impor-
tant to correct any misconceptions that envi-
ronmental protection results in reduced net
output -- this can be achieved through insti-
tutional development, applied research,
strengtheninig of planning capabilities etc.
However, it is clear that shift (4) -- would
hardly appeal to resource constrained deve-
loping countries unless concessionary external
financing was made available, since this move-
ment would imply optimization of a global
value function and costs that most often
exceed in-country benefits. In the foregoing,
we have neglected considerations involving
reciprocal benefits to the given é:ountry due
to energy use reductions in other countries.

Therefore, we may conclude briefly that,
while the energy required for econcmic deve-
lopment will continue to grow in the deve-
loping cauntries, in the short to medium run
there is generally considerable scope for most

15

of them to practice better energy management,
thereby incteasing net output, using their

energy resources more efficiently, and contri-
buting to the effort to reduce global warmimg.
In the medium to long run, it will became
possible for the developing countries to adopt
newer and more advanced (energy efficient)
technologies that are now emerging in the
industrialized world, thus enabling them to
transform their econanies and produce even
more output using less energy.

In other words,; the developing countries
could be expected to cooperate in global envi-
ronmental programs only to the extent that
such cooperation is consistent with their
national growth objectives. The role of the
developed countries, on the other hand, is to
incur the risks inherent in developing innova-
tive technological measures which are the
prerequisites for the next level in environ-
mental protection and the mitigation of
adverse consequences. These risks include the
pessibility that the more extreme measures may
turn out to be unnecessary or inapplicable
after all, given the prevailing uncertainty
about the future impact of current environmen-
tal developments.

FRAMFWORK FOR ENERGY-ENVIRONMENTAL POLICY
ANALYSIS AND OPTIONS AT THE NATIONAL LEVEL

Section 3 introduced a way of considering
energy—environmental issues in terms of four
shifts. In this section a rational framework
for energy-environmental policy analysis
within a country is presented in terms of
these shifts. This coverage is expanded to the
glaobal level in Section 5, focusing particu-
larly on the interaction between developed and
developing countries,

Developed countries generally differ from
the developing countries in the extent to
which the shifts have already been made. The
LDCs are more likely to be characterized as
being at point A in Figure 4, while the deve-
loped countries are somewhere between C and D.
This means that for developing countries there
is still considerable scope for environmental
improvement by undertaking programs that are
consistent with the national objective of
increasing overall output. The challenge for
national decisionmakers and the intermational
camunity is to find as many areas as possible
where such consistency and complimentarity
exist, between,K growth and environmental
protection goals.
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Advantages of an Integrated approach

Successful policy analysis, planning and
implementation require an integrated approach,
because of the camplexity of modern society.
As summarised in Figure 5,
making process must deal with a multiplicity
of actors, criteria, levels, policy tools, and
impediments. The core of this process is the
integrated multilevel analysis shown in the
middle column. Within a given country, such an

such a decision-

analysis may be carried out using a hierar-
chical framework'for integrated national
energy planning (INEP), policy analysis and
supply-demand management (Minasinghe 1990a).

Although the INEP framework is primarily
country focussed, we begin at the global level
by recognising that there are many transna-
tional energy-environmental issues. Thus indi-
vidual countries are embedded in an intemna-
tional matrix, and econamic and environmental
conditions at this global level will impose a
set of exogeneous inputs or constraints on
The next
hierarchical lewel in the Figure 5 focusses on
the multisectoral national econamy, of which
the energy sector is a part. Therefore, energy
planning reguires analysis of the links
between the energy sector and the rest of the
economy. Such links include the energy needs
of user sectors like industry,
agriculture, the input reguirements of the
energy sector itself, and the impact on the

decisionmakers within countries.

transport and

econamy of policies concerning energy prices
and availability.

The intermediate level of the integrated
approach treats the energy sector as a
separate entity composed of sub-sectors such
as electricity, petroleum, coal, and so on.
This permits detailed analysis, with special
emphasis on interactions among the different
energy subsectors, substitution possibilities,
and the resolution of any resulting policy
conflicts. The final or micro-level pertains
to analysis within the electricity subsector
itself. Tt is at this most disaggregate level
that most of the detailed energy resource
evaluation, planning and implementation of
projects is carried out.

In practice, the many levels of INEP merge
and overlap considerably. Thus the interac-
tions of electric power problems and linkages
at every level need to be carefully examined.
Energy-environmental interactions (represented
by the vertical bar) tend to cut across all
levels and need to be incorporated into the

analysis. Finally, regional and spatial
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disaggregatian may be reguirsd zlso,
cially in larger countries.

espe-

Turning to the first column in Figure 5,
there is an increasing need to ensure multi-
actor participation in electricity decision-
making (especially of the environmentally
concerned public), but this involvement must
be effectively structured to avoid paralysis
in the sector -- which could result in costly
power shortages. The existence of many and
often conflicting policy criteria or goals
(shown in the second column)
cated by
considerations.

is now campli-

pressing environmental

The INEP conceptual framework facilitates
policymaking and does not imply rigid centra-
lized planning. Thus, such a process should
result in the development of a flexible and
constantly updated energy strategy designed to
meet the national goals mentioned earlier.
This national energy strategy (of which the
inyestment program and pricing policy are
important elements), may be implemented
through a set of energy supply and demand
management policies and programs that make
effective use of decentralized market forces
and incentives. To reach the desired goals of
sound energy management, a variety of policy
instruments are available to decisionmakers,
as summarised in fourth column of Figure 5.
Since these tools are interrelated,
should be closely coordinated for maximum
ef fect. Finally, the odlumn five indicates the
most important impediments that limit effec-
tive policy formulation and implementation.

their use

Policy Tools and Constraints

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

education and pramo-

The chief constraints that limit effective
(a)
poor institutional framework and inadequate
incentives for efficient management; (b)
kel
(d) inadequate policy
instruments; and (e) other constraints such as
low incomes and market distortions.

policy formulation and implementation are:

insufficient manpower and other resources;
weak analytical tools;
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Technological Options

The INEP framework is particularly appro-
priate for considering shift (1) in Figure 4,
which implies improvement in overall economic
efficiency but without any explicit conside-
ration of the external (environmental) costs.
Such efficiency improvements require better
energy supply and demand management. More
specifically, the former category includes
more accurate demand forecasting, improved
least cost inveStment planning, and the
optimal operation of energy systems --
implying that plant performance, operating and
maintenance procedures, loss levels, etc. are
optimized. The latter comprises efficient
electricity end use, load management and
pricing (described in the next section). All
the above options constitute an attractive
policy package for most power utilities in
both the developing and developed countries.

There is a spectrum of technological
options which the developing countries could
potentially utilize in order to improve energy
efficiency and thereby reduce environmental
effects arising fram energy sector activity.
These range from simple infrastructural retro-
fits to the use of advanced energy supply
technologies. 2Among the short termm techno-
logical options for the developing country
power sector, reducing transmission and
distribution losses, and improving generation
plant efficiencies appear to be the most att-
ractive. Recent studies show that up to a
certain point, these supply efficiency
enhancing measures yield net economic savings
or benefits that are several times the corres-
ponding costs incurred (Munasinghe 199(b).
While estimates of such power system losses
vary, they all point to levels which are far
in excess of accepted norms. Table 2 presents
estimates for some Asian countries in cam-
parison with industrialized countries. While
acceptable loss levels may be about 6-8% in
transmission and distribution as a percentage
of gross generation, these losses in third
world power systems are estimated to average
in the 16-18% range (of which about one third
could be theft).

The consequences of reducing these losses
can be quite important. On the basis of our
previous estimates of capacity rejuirements, a
one percentage point reduction in losses per
year would reduce required capacity by about 5
GW annually in the developing countries. The
estimated saving in capital investment would
be around 10 billion dollars per year. Mean-
while, the Agency for International Develop-
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ment (USAID 1988) has estimated that the

average hea;: rate of LDC power plants is
around 13,000 Btu/kWh, compared to 9,000-
11,000 Btu/kWh if these plants were operated
efficiently. The energy savings (and positive
environmental conseguences) implied in these
figures are quite significant also.

Similar gains are possible by conservation
on the demand side. Johansson et al. (1987)
provide an insightful review of the develop-
ments that have been taking place in end-use
technologies which can have a major impact on
energy efficiency. These technologies (which
developed in the industrialized countries as a
response to the oil price escalation in seven-
ties) can be easily apnlied towards more effi-
cient lighting, heating, refrigeration and air
conditioning around the developing world, as
described below.

Substitution of primary energy sources in
oower generation is another notential means of
achieving dual benefits. In the developing
world, natural gas is the most likely candi-
date for coal or oil substitution. The econo-
mic benefit of natural gas substitution comes
from either import substitution for netroleum
products or releasinc these products for
export. On the environmental front, natural
gas firing tynically achieves reduction in
carbon emissions of 30-50%. Many Asian coun-
tries are endowed with significant resources
of matural gas, including Malaysia, Indonesiz
and Thailand.

Pakistan 28%
India 22%
Bangladesh 31%
Sri lLanla 18%
Thailand 18%
Philippines 18%
South Korea 12%
Jaman 7%
ue 8%

These loss estimates include non-technical
losses (i.e. due to deficient metering
and theft).

Table 2- Electrical Trensmission and Distribu-—

tion Losses (% of gross gmeratim)*
Sources: The "orld Bank and USAID

In the longer term, the developing coun-
tries will need to rely on more acvanced tech-
nological options which are currently being
developed in the industrialized countries. As
we have discussed above, nower generation
capacity in developing countries is exnected
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to nearly double by the turn of the century,
and will increase further thereafter. This
provides opportunities to add state-of-the-art
technologies which have been designed with
regard to both economic and environmental
criteria. cogene-
ration, gas turbine cambined cycles, steam-
injected gas turbines etc. are all part of
this menu of technologies which have important
potential
applications will become available for

Clean coal technologies,

in developing countries. Similar
emission control technologies. However, as we
have argued previously, the developing coun-
tries will look to the industrialized nations
to provide the leadership in refining and
proving these technologies before they are
implemented in the developing world.

As one indicative example of the state-of-
the-art in supply planning and demand manage-
ment possibilities, we summarize the results
of a recent Swedish study (Johannson et al
1989). The power sector in Sweden, currently
supplied half by hydro and half by nuclear
generation, faces the following severe res—
trictions: (a) hydro expansion limited by
(b) mandatory
phasing out of all nuclear units by 2010; and
(c) no increase permitted above present CO)
emission levels. The demand for electricity
derived \,services is projected to increase by
50%, from 1987 to 2010. If end use ef ficiency
remained ' unchanged, then under this "frozen
efficiency” scenario, the electrical load also
would increase by 50%, fram 129 TWwh in 1987 to
195 Twh in 2010, at an average annual growth
rate of 1.8%.

environmental constraints;

The same output of electrical services
could be provided, but with steadily declining
electricity input needs and load levels --
based on the increasingly energy efficient
scenarios A, B, C and D, shown in Figure 6.
The corresponding loads in 2010 would be 140,
111, 96 and 88 Twh, respectively. Only options
C and D pemmit the load to be met after all
the nuclear plants are retired in 2010. Figure
7 indicates that the total costs of energy
supply also fall progressively under the sce-
narios A through C (some of the costs are
undefined for scenario D). In addition, there
are three supply scenarios based on different
selection rules for generation -- the supply
costs rise steadily as we move through the
economic despatch, natural gas/biamass, and
environmental despatch options. These costs
exclude taxes and subsidies, and are based on
a 6% discount rate, 1987 world oil and coal
prices, and coal eguivalent gas prices for
steam power generation.

SLEMA JOURNAL, Vol.4, No.2, Sept 1992.

Teonomic Incentives and Related Ontions

Providing the correct economic signals, or
more soecifically price rationalization,
offers the most attractive demand-side option

' for improving energy sector efficiency, that

also corresponds to the shift (1) in Figure 4.
While the economic principles of energy
pricing are now well understood, pricing
policy in developing countries is guided by a
tradeoff between econcmic efficiency on the
one hand and a series of financial and socio—
economic considerations on the other. It is
widely accepted that energy is fundamental to
oroductivity and economic growth. However, the
strong percestion aronc decisionmakers that
access to energy is a basic need that improves
standards of the people has
nolicy in which affordability campetes with

living driven a
economic efficiency as the criterion for
energy pricing. Furthermore, in practice it
has been difficult to separate social and
econonic criteria within the same pricing
structure, leading to poorly designed molicies
that may be both economically inefficient and
socially regressive (or perverse).

A recent study of over 350 electric nower
util;ities in developing countries (Munasinghe
ot al 1938) indicates that electricity tariffs
have not kept up with cost growth. The opera-
ting ratio(defined as the ratio of operating
costs refore debt service, depreciation and
other financing charges, to operating revenue)
for the extensive sampﬁa studied deteriorated
from 0.53 in the 1955-73 pericd to 0.80
hetween 1980 and 1985. At the same time, the
financial rate of return on fixed assets has
decreased steadily from over 10 percent in the
mid-19560s to around 5 nercent in the mid-1980s
(se= Figure 8). In some countries these
declines are significantly greater.

Apart from price rationalization, there is
also scope for anolying a coordinated package
of othar measures aimed at improving the effi-
ciency of energy use. These would include
taxes and subsidies based on fuel type, tech-
nology, R&D, retrofits, conservation programs
etc. In most instances these »rocrams are
likely to achieve desirable effects on both
energy use and environmental imnacts. Fiscal
instruments such as emission fees and carbon-
based user fees can be used to control envi-
ronmental impacts more directlv. In many LDC
applications, however, problems of implemen-—
ting and monitoring such mechanisms are sicni-
ficant.
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.To conclude, generally the first priority
is:to improve the efficiency of energy supply
and use, through technical means and pricing
energy at marginal economic cost. Improvements
in energy intensive industries could yield
significant efficiency gains. In transport,
considerable opportunities exist to reduce
fuel consumption by improving traffic manage-
ment methods, using less energy intensive
travel modes, and phasing out inefficient
vehicles. Substitution of fossil fuels with
less polluting fuels (like natural gas, where
available), and increasing the efficiency of
fuelwood use,
and economically sound. Agriculture presently
contributes about 14% of all CO, emissions,
mainly due to forest clearing and burning of
wastes. Strengthening property rights, protec-
ting forest lands, and improving land use
planning and management (e.g., through agro-
ecological zoning), are some key actions in
this sector.

could also be envirommentally

Examples of more expensive options are
non-conventional energy sources, large-scale
reafforestation, advanced energy technologies,
and substitution of chlorofluorocarbons
(CFCs). IDCs will need significant financial
assistance to implement such measures, once
the less costly options have been exhausted.

National Level Organizational/Institutional
Options

The energy sector in developing countries
is typically owned and controlled by the
government, and is characterized by large
manolithic organizations. While there is same
rationale for this centralization, it could be
a critical barrier in the path of greater
efficiency and improved flexibility. The des-
perate circumstances of many developing coun-
try energy supplying enterprises have genera-
ted pressures for new approaches to organizing
the sector. In particular, there appears to be
considerable interest in the scope for more
decentralization and greater private partici-
pation. Developing countries power sector
officials have been very active in studying
this option, and same countries have already
prepared the necessary legislative and insti-
tutional groundwork for this transition. India
plans to install as much as 5000 MW of private
power capacity over the 1990-95 pericd, and
similar plas are underway in Indonesia,
Malaysia, Thailand, Philippines and Pakistan.
In Sri Lanka, a private campany has been dis-
tributing power since the early eighties and
significant efficiency and service improve-
ments have been observed during this period.
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Despite these trends, enhanced private
participa'tion in the energy sector is likely
to be more successful when it is one element
in a broader economic package inwolving policy
reforms in other parts of the econamy. Market
forces confined to the power sector in a
highly distorted economy may not necessarily
improve the power sector situation since pri-
vate participants will try to maximize finan-
cial rather than economic costs. Thus, private
sector participants would make full use of
cheaper generation inputs such as coal even
when this is potentially detrimental (both
economically and environmentally). Even in a
reasonably market oriented economy, the intro-
duction of private participation in the energy
sector is unlikely to lead to environmental
benefits, unless the costs of pollutants can
be fully captured (i.e. internalized) in the
financial cost to the participant. Thus, while
private participation is likely to bring sig-
nificant gains by the infusion of new capital
and innovative management methods, it is
.likely to remain one of several methods aimed
at restructuring the sector.

Environmental Costs

With regard to environmental issues, the
national enviromment in which the utility
functions is likely to play an egually impor-
tant role. Actions of the utility need to be
backed
policies and legfsla;ive support. The develop-
ment of envirommental standards and regula-
tions is likely to (and should) take place
outside the utility, and the public needs to
understand the importance of a commitment to a
program of environmental mitigation.

up by a set of consistent national

Our integrated framework also provides an
appropriate starting point for consideration
of shift (2) in Figure 4, that seeks to incor-
porate the quantifiable environmental costs. A
number of techniques exist for valuing envi-
ronmental impacts of power projects, and these
can be used for incorporating environmental
costs into methodologies mentioned above for
least-cost planning and estimating LRMC of
energy production. However one should be aware
of the uncertainties in such estimates and be
prepared to perform sensitivity tests where
appropriate.

Going beyond the quantifiable environ-
mental costs is of course problematical, but
to the extent that these costs are significant
an attempt must be made rather than implicitly
assuming that these costs are neglible.Non-—
quantifiable environmental costs can be incor-
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forated in various ways, such as adding new
constraints on the optimization that reflect
social concerns or absolute environmental
standards, or even by using an entirely
different methodology than least-cost planning
e.g. a type of multi-attribute assessment.
This is still within the tradition of INEP,
although the various trade-offs would be made
explicitly on social-environmental criteria
rather than implicitly in economic temms.

GLOBAL, ENVIRONMENTAL ISSUES IN THE LDC CONTEXT

The developed and the developing countries
are at different points in resolving domestic
energy-environmental interactions and this is
an important difference which must be taken
into account when devising forms of coopera-
tion for solving transnational and global
energy-environment problems. Developing coun-—
tries still have considerable scope for envi-
ronment-improving activities that are economi-
cally attractive for them, e.g., energy
conservation and ameliorating the domestic
environmental conseguences of energy use.
These actions will, of course, have positive
global environmental benefits also. While no
country can be said to have exhausted the
potential for shifts (1),(2), and (3),the
developed countries are generally closer to D
in Figure 4, at which point they need to
explicitly consider trade-offs in  domestic
policy options to improve the global commons.

The foregoing sets the context within
which the developing countries are capable of
participating in environmental mitigation
efforts at the global level. It is guite
obviocus that LDCs do not have the ability to
contribute financially for global environ-
mental cleanup efforts where the measurable
benefits to the national economy are too low
to trigger investment. Indeed, this paper has
argued that many LDC projects which do have
positive measurable benefits at the national
lewvel are being bypassed on account of capital
constraints.

The principle of assistance to developing
countries for environmental mitigation
efforts, in terms of technology transfer,
financial support and other means, is already
well established. The Montreal Protocol, which
was adopted in 1987 as a framework within
which reduction in the consumption and produc-
tion of certain types of chlorofluorocarbons
(CFCs) is to be achieved, recognized the need
for global cooperation and assistance to the
developing countries. Subsegquent Ministerial
Conferences on various aspects of global envi-
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ronmental issyes have reinforced the idea of
protecting the global commons.

Currently, discussions are underway among
world bodies and governments to define effec—
tive criteria and mechanisms for both genera-
ting and disbursing funds to address glabal
envirommental issues. While a hbroad workable
agreement will not be easy to reach, global
financing issues might be analysed and
resolved through a tradeoff inwlving several
criteria: affordability/additionality,
fairness/equity and economic efficiency.

First, since LDCs cannot afford to finance
even their present energy supply development,
to address glcbal environmental concerns they
will need financial assistance on concessio-
nary terms that is additional to existing
conventional aid. The latter will have to be
increased also, to assist developing countries
in dealing with local envircnmental degra-
dation. Second, as noted in the recent Brundt-
land* Commission report, past growth in the
industrialized countries has exhausted a dis-
proportionately ‘high share of global resour-
ces, suggesting that the developed countries
owe an "environmental debt" to the larger
global cammmity. This approach could help to
determine how the remaining finite global
resources may be shared more fairly and used
sustainably. Finally, the economic efficiency
criterion indicates that the "polluter pays”
principle may be applied Ao generate revenues,
to the extent which global environmental costs
of human activity can be quantified. If total
emission limits are established (eg., for
COy), then trading in emission permits among
nations and other market mechanisms could be
harnessed to increase efficiency.

One specific mechanism that has recently
been implemented includes a core multilateral
fund of about US$ 1.5 billion - the Global
Environment Facility (GEF) - to be implemented
as a pilot over the next three years. This
fund would finance investment, technical
assistance and institutional development acti-
vities in four areas: global climate change,
ozone depletion, protection of bicdiversity,
and water resource degradation. A more
narrowly focussed Ozone Fund of abaout US$160
to 240 million has been set up also, to help
implement measures to reduce CFC emissions
under the Montreal Protocol. Both funds are
being managed under a collaborative arrange-
ment between the UNDP, UNEP and the World
Bank. In particular, they would fund those
investment activities that would provide cost-
effective benefits to the global environment,




Dut would not have been undertaken by indivi-
dual countries without concessions. Thus,
these funds are being specifically designed to
£i1l the void which is created by the lack of
individual national incentives for those acti-
vities which would, nonetheless, benefit us
all.

CONCLUSIONS

International pressures to implement envi-
renmentally mitigatory measures place a severe
burden on developing countries. The crucial
dilemma this poses to IDCs is how to reconcile
development goals and the elimination of
poverty —- which will require increased use of
energy and raw materials -- with responsible
stewardship of the environment, and without
overburdening economies that are already weak.
This paper has argued that in view of the
severe financial constraints that developing
countries already face, the response of these
countries in relation to environmental preser-
vation cannot extend beyond the realm of
measures that are consistent with near-term
economic development goals. Mare specifically,
the environmental policy response of LDC's in
the coming decade will be limited to conven-
tional technologies in efficiency improvement,
conservation and resource development.

The developed countries are ready to subs-
titute environmental preservation for further
economic expansion and should, therefore, be
ready. to cross the threshold, providing the
financial resources that the LDC's need tcday
and developing the technological innovations
and knowledge-base to be used in the 21st
century by all nations. The Global Environmen-
tal Fund and Ozone Fund, presently being
established, will facilitate the partici-
pation of LDCs in addressing issues at the
global lewel,
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