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ENERGY AND THE DEVELOPI NG COUNTRI ES

Devel opi ng countries vary enornously in their resource
endowrents, infrastructures, |evels of industrialization, technica
capabilities and standards of living. But, they also have sone
features in common. Firstly, they are what may be called "dua
societies" characterized by rich minorities living anong deprived
majorities in small islands of elite affluence am dst vast oceans of
mass poverty. The elites and the masses differ so nmuch in their
i ncomes, wants, aspirations and life -styles that they can be
considered, for all practical purposes, to be in tw separate worl ds.

The existence of dual societies |eads to the second comon
feature of these countries -- the elites and the masses differ
fundamentally in their use of energy. The elites emulate the life -
styles prevalent in the industrialized countries and therefore have
simlar patterns of luxury-oriented energy use. O course, their

climate-determ ned energy needs are different -- space heating is
usual ly not required in the devel oping countries located in the
tropics. In contrast, the pattern of energy consunption of poor people

is determined by their struggle for basic human needs. Their
preoccupation is with energy for survival activities such as cooking
and obt ai ni ng drinki ng water.

These survival activities are perfornmed with both ani mate and
i nani mat e sources of energy. Animate sources of energy, i.e., human
bei ngs and draught animals, play an inportant role in agricultural,
transportati on and donestic activities in devel opi ng countri es.
I nani mate sources consi st largely of biomass in the form of fuelwood,
ani mal wastes and agricultural residues. Since the bulk of this
bi omass i s obtained by gathering rather than by purchasing; it is often
cal l ed non-comrercial. Fuelwod is the dom nant source of energy in
rural areas and cooking, the npst energy -intensive activity.

Because the bul k of the population in a devel oping country is
poor and this majority depends |largely on non -comerci al sources, the
per capita commercial energy use in a developi ng country is much | ower
than in an industrialized country. But, even when non -commercia
energy is considered, the overall |evel of energy services (heating,
cooling, lighting, rotational and translational notion, etc.) is nmuch
| ower particularly because efficiencies are |ow.

Thus, there are enornous disparities in the | evel of energy
services enjoyed not only by the elites and masses within devel opi ng
countries but also by the industrialized and devel opi ng countri es.
These disparities have led to a w despread pressure for stepping up the
I evel of energy services. This pressure has thus far been understood
by deci sion-makers as an inperative need, and mani fested as a denand,
for escalating the magni tude of energy consunption. |In fact, this
demand coupled with the growi ng population has led to a nore or |ess
linear growth in energy consunption which neans that, if present trends
persist, total energy consunption will reach the present |evel of
consunption of the industrialized countries in about 20 ye ars.



| MPLI CATI ONS OF ENERGY CONSUVPTI ON TRENDS | N DEVELOPI NG CQUNTRI ES

The econonic inplication of current energy consunption trends is
that the capital requirements of devel opi ng countries for augnmenting
the supplies of energy are beconming increasingly difficult to procure
in the capital -constrained world of today. The new demand for capita
from Eastern Europe is only going to aggravate the problem The Wirld
Bank quantified this problemat the 1989 Wrld Energy Conference at
Montreal by revealing that the capital requirements of the devel oping
countries adds up to about $100 billion dollars per year for the
electricity sector al one when only about $20 billion ca n be provi ded by
the Wrld Bank and other nultilateral and bilateral funding agenci es.
Wthin these countries too, it is turning out that the capita
resources that the electricity sector is demanding is three to five
tinmes what is available.

Current energy consunption trends al so have serious environment al
inmplications. The local inpacts mainly involve the subnergence of
prime forests that invariably occurs due to the construction of
hydroel ectric danms, the atnospheric pollution including acid rain
br ought about by coal -based thernmal power plants and the deforestation
br ought about by the urban, and sonetines rural, dermand for fuel wood
for cooki ng on woodst oves.

There is al so an inpact on the gl obal atnmosphere. Fossil -fuel
consunption in the devel opi ng countries, which today contributes sone
24% of all fossil -fuel -derived em ssions, is growing steadily, and is
likely to doubl e over 20 years.

Deforestation is an additional factor responsible for the
i ncrease of carbon dioxide in the atnosphere. Forests act as carbon
di oxi de sinks by absorbing this gas and thereby play a positive role in
the gl obal carbon cycle. Wen, however, there is deforestation either
by clearing forests or by felling their trees at a faster rate than
that at which they grow, the result is an increase in atnospheric
car bon di oxi de concentrati on because the capacity of the carbon di oxi de
sink is decreased. This deforestation is now occurring primarily in
t he devel opi ng countries.

The causes of deforestation are not only manifold but vary with
region and country. Mst often, deforestation takes place for sone
non- energy purposes: to utilize the land for ani mal husbandry
(ranching) and agriculture and/or to obtain wood for |unber and
feedstock (for paper and rayon). The energy -rel ated causes are
submer gence by the water -bodi es created by dans and extraction of
cooking fuel in the formof fuelwood | ogs or charcoal for urban
househol ds and f or industry (tobacco curing, for instance). In nost
rural areas of the world, fuelwod gathering is done mainly by wonen
and children who do not fell trees but depend mainly on fallen
branches, twigs, etc. There are, however, parts of the devel oping
worl d where the rural demand for cooking fuel also contributes to
deforestation. The variation arises fromthe fact that the use of
fuel wood for cooking does not per se lead to deforestation; it depends
upon whet her the rate of fuelwood extraction is greater than the rate




at which the wood is regenerated, i.e., whether the fuel wood is being
used in the renewabl e or non-renewabl e nbde

To appreciate the inpact of fuel wod consunption on
def orest ati on, consider the case of Africa. The total anpunt of
fuelwood (both in the form of charcoal and fuel wood) consunmed in Africa
nmostly for cooking is approximately 300 million tonnes. |If this
fuelwood is being obtained by felling trees in forests, at |least 2
mllion hectares have to be deforested each year with seriou s
consequences: soil erosion, |oss of species and | ocal climate change.
The burning of 300 million tons of fuelwod would al so contri bute sone
4% to the world carbon di oxide em ssions

Def orestation in the devel opi ng countries is a significant factor
in changi ng the gl obal atnosphere; it is responsible for some 19% of
all carbon di oxi de eni ssions and shows no signs of dininishing. Wen
both fossil fuel em ssions and deforestation are considered, a
situation has been reached where, even if the industri alized countries
stabilize their emissions of greenhouse gases, the devel opi ng countries
can on their own degrade the gl obal atnopsphere.

ENERGY, ENVI RONMENT AND DEVELOPMENT

Current energy consunption trends are also generating conflicts
wi t hi n devel opi ng countries. The pronoters of devel oprment (aid
agenci es, governnents, planners, industrialists, contractors, etc.)
proceed on the assunption that the per capita energy consunption is the
energy indicator of devel opnent and therefore push for drastic
increases in energy consunption. This increase, on the one hand,
requi res inpossibly |arge amounts of capital, and on the other
degrades the |l ocal environnent. Seeing this degradation, |oca
envi ronment al novenments grow and argue that the degradati on of the
environment is making the devel opnent process unsustai nable and that

therefore the process should be halted. In response, the pronoters of
devel oprment argue that the environnental inpacts have to be suffered in
the interests of devel opnent -- they argue that the only way in which

the inpacts can be avoided is by halting devel opnment and denyi ng the
peopl e the advantages of a higher |evel of energy services. This is
the environnent versus devel oprent dil emma.

There is also an equity dinension to the current trends in energy
consunption. In dual societies, a large fraction of the popul ation
does not benefit directly fromenergy supplies which cater primarily to
the wants of the elites. For instance, a conputation shows that only
about half the popul ation of the state of Karnataka in South India
benefits directly fromits electrical system hence, electricity is of
no direct relevance to the other half the state's population. This
deprived section of the population is not likely to be as enthusiastic
about the stepping up energy supplies as those who will enjoy the
resul ting energy services.

In addition, large-scale energy projects often require the
di spl acenent of |arge nunbers of people, for in stance a hydroel ectric
dam can di spl ace people due to | and subnergence. These people at the



site of the energy projects see thensel ves as the victinms of
devel oprment rather than as its beneficiaries -- this is the victinms
ver sus devel opers issue.

Finally, there are the global environmental inpacts. As these
gl obal inpacts increase in intensity, the sustainability of the world
is threatened because environnental stability is one of the conditions
for gl obal sustainability. Thus, the energy vs devel opnent dil enma
wi t hi n devel opi ng countries becones the energy vs sustainability
conflict on the global scale. It is this conflict that is currently
domi nating international discussions on environmental issues. In order
to restrict the degradation of the global atnosphere, the
industrialized countries often seek to linit the increases in energy
consunption of the devel oping countries, and in reply, the devel oping
countries enphasize their need to step up energy consunption in order
to enhance their low levels of per capita energy services. As |long as
the two protagonists are trapped in the conventional paradi gm of
viewi ng energy as an end in itself and energy consunption as the
i ndi cator of devel opnent, the conflict cannot be resol ved w thout
sacrificing either devel opment or the global environment.

RESCLUTI ON OF THE DEVELOPMENT VS ENVI RONVENT AND ENERGY VS
SUSTAI NABI LI TY DI LEMVAS

Both the energy vs global sustainability dilemma as well as the
devel oprment vs | ocal environnent dil emma can only be resolved through a
new paradi gm for energy use. According to this new paradigm energy
must be viewed as a neans to the end of providing energy services to
performtasks and thereby satisfy the needs of individuals and groups
The quality of life of people in a village depends nore upon the
service of lighting (neasured in |unmens) than upon the consunption of
energy (neasured in kilowatt hours). Hence, it is the extent to which
energy services are satisfied that is the true energy indicator of the
| evel of devel opnment, rather than the nmagnitude of energy that is
utilized. Devel opment nmust be based therefore on mgjor increases in
the per capita |l evel of energy services.

Energy services, in turn, depend upon end -use devices to convert
energy inputs into the useful energy required to provi de energy
services. Since useful energy is given by the product of the
efficiency of the end-use devi ce and the energy input, there are
several options for achieving an increase in the |evel of energy
services. The extreme options are those that depend exclusively on
centralized sources or on decentralized sources or on efficiency
i mprovenents al one

If the preoccupation is only with the present needs of devel opi ng
countries, then perhaps conservation al one nay be adequate provided
that conservation in devel oping countries is clearly understood to nean
i ncreasi ng energy services with | ess energy consu nption (nore |ight
with less kilowatt hours) and not making do with | ess services (less
light) when the | evel of services are already |ow (Indian villages have
been descri bed as areas of darkness). But, devel opment requires
industrialization which in turn inplies, as a necessary condition,



grom h of the infrastructure and of the quantity of goods and services
(measured by the gross donestic product or GDP). Annual growth rates
of 5-10% have becone the standard goals although only a few devel opi ng
countri es have achieved such growth targets.

What growmt h rates in energy use are required to sustain these
targets of GDP growh rate? Wen Western Europe and North Anerica were
industrializing, their energy consunption had to grow as fast as their
@GP -- and even faster -- in order to build the infrastructure of
roads, bridges, houses and heavy industry. However, if a devel oping
country intends to inplement the sane process of industrialization
today, the materials and therefore energy requirements can be
dramatically | ess because of two achievenents of the materials
revol uti on that have taken place over the past half century: firstly,
the sanme materials can be produced with far |ess energy, and secondly,
far smaller quantities of nodern materials are requi red to do the sane
job in a vehicle, bridge, building, etc. Consequently, devel oping
countries need not repeat the energy history of the industrialized
countries -- a nmuch lower ratio of energy to GCDP growth rates woul d be
adequate for themto achi eve comparable |l evels of industrialization
But, this does not nmean that energy supplies are unnecessary for
devel opi ng countries. Significant inputs of energy are likely to be
essential for the devel opnent process and, therefore, the extreme
option of depending on conservation al one nust be rejected.

What is required is a balanced approach in which there is a
holistic integration or mx of three types of energy technol ogies --
end-use efficiency inprovenents, centralized generation and generation
from decentralized sources. The conponents of such a mix need not be
identified in an ad hoc nmanner; a rational procedure can be used. One
such procedure utilizes |least -cost supply curves. Since it is
invari ably cheaper to save a kilowatt than to generate a kilowa tt and
to avoid transmi ssion/ transportation and distribution costs by
generating at or very near the point of consunption, it turns out that
many conservation and decentralized generation technol ogi es get
included in the | east -cost miXx.

Technol ogy mi xes arrived at in this way make possible major
increases in the | evel of energy services with far less increase in the
supplies of centralized energy than is required with conventiona
energy systens which are based exclusively on centralized sources. In
contrast, the |east -cost m xes include significant contributions from
conservation and decentral i zed sources. The contributions from
environmental |y benign efficiency inprovenments inply much | ess inpact
on the |l ocal and gl obal environnent; hence, the m x es advance
devel oprment w t hout jeopardizing sustainability.

There is al so an economic inplication: since efficiency
i mprovenents can i ncrease GDP wi thout a correspondi ng increase of
energy, technol ogy m xes that include conservation reduce the coupling
between GDP and energy. As a result, the annual investnent required
for the energy sector goes down and becones nore nanageable in a
capital -scarcity situation.



Is there any precedent for such reduced coupling, if not tota
decoupling, of energy from GDP?. Indeed, there is, and in fact the
observed decoupling of GDP increase and energy use has been an
i mportant factor stinulating a fresh analysis of the role played by
energy in nmodern societies. Bet ween about 1973 and 1985, the tota
energy consunption in industrialized countries had reached an
approxi mately constant | evel even though the GDP continued to increase

For instance, in the USA, the GDP i ncreased 36% between 1973 and 1986
but this was acconpanied by no net growth in energy consunption. T hus,
the ratio of energy use to GDP which nmay be call ed the energy intensity
of the econony declined at an average rate of 2.4%per year in this
period. During the same period, in the OCECD countries, energy use
increased 4% while GDP increased 38% so that the energy intensity of
these countries decreased at an average 2. 2% per year.

Such decoupl ing has al so been confirmed by studies of the long -
termevolution of the energy-GDP ratio over time for a nunber of
countries which show that the ratio has been decreasing steadily except
for the period in which their infrastructure of heavy industry was
bei ng established. This decline in the energy -GDP ratio is due severa
factors: a saturation of the demand for consunmer goods in the
industrialized countries, a shift of economc activity away from heavy
mat eri al s-processing industry in the direction of services, and the
revolution in materials use based on | ess energy -intensive materials
and less material s-intensive structures and obj ects.

AN EXAMPLE OF A DEVELOPMENT - FOCUSSED END- USE- ORI ENTED ENERGY SCENARI O

The new par adi gm has hi ghlighted the i nportance of constructing
energy scenarios that, on the one hand, focus on d evel opnent objectives
such as the satisfaction of basic human needs, and on the ot her hand,
scrutinize the end-uses of energy to identify opportunities for
efficiency inprovements and ot her conservation neasures. |n other
words, it is necessary to construct devel opnent -focussed end-use-
oriented service-directed (DEFENDUS) energy scenarios that incorporate
energy conservation and renewabl e sources and to inplenment |east -cost
m xes of energy technologies that will advance such scenari os

Such a DEFENDUS scenari o has been constructed for the electricity
sector of the state of Karnataka in South India. This scenario was a
response to the recent efforts at electricity planning -- in particular
the May 1987 report of the Conmttee for preparing a "Long Rang e Plan
for Power Projects in Karnataka 1987 -2000 AD' (LRPPP) -- which are
clear-cut exanples of the failure of the conventional consunption -
obsessed suppl y-bi ased approach to energy pl anning.

The LRPPP pl an demanded that, in order to neet its energy
requi rement of 47.52 Twh and 9.397 GWin 2000 AD, the state shoul d
spend an astrononi cal sum of about $17.4 billion (which is roughly
equal to 25 annual plans), develop a great deal of infrastructure
(better transmi ssion lines, coal transportation |inkages, r ailway
facilities, etc.), construct massive centralized power generation
facilities (including a 1 GWsuper -thernmal coal -based power station and
about 2 GWof nuclear power), raise funds fromthe Wrld Bank and the



Central Governnent, divert at |east 25% of Karnataka State's Plan for
power and appeal to private industry to set up generation faciliti es.
In return, the LRPPP plan prom sed that energy shortages will continue
up to, and into, the next century. In other words, conventional energy
pl ans are no | onger solutions; they are beconing exercises in
profligacy.

An alternative scenario for the electricity sector of Karnataka
has, therefore, been devel oped on the basis of the DEFENDUS paradi gm
Thi s DEFENDUS scenari o for energy demand and supply focu sses on peopl e-
based devel opment through the pronotion of energy services, identifying
t echnol ogi cal opportunities for better utilization of energy through a
scrutiny of the end-uses of energy, and adhering to a | east -cost
approach to the m x of energy sup plies. The scenario turns out to be
as prom sing as the LRPPP and ot her conventional plans are gloony. In
particul ar, even though the DEFENDUS scenari o i nvolves the illum nation
of all honmes in Karnataka, an enphasis on enploynent -generating
industry, the energization of irrigation punpsets up to a lint inposed
by the groundwater potential, and the establishnment of decentralized
rural energy centres in villages, it comes out with energy and power
requi rements in the year 2000 AD whi ch are only about 38% and 42%
respectively of the LRPPP demand

This reduction in requirenent (conpared to the conventiona
projection) is achieved partly (59 % through a devel opment focus and
partly (41 9% through nmeasures involving sinple efficiency inprovenents
and substitution of one energy carrier for another. T hese neasures
consi st of the replacenent of inefficient notors and i ncandescent bul bs
with efficient notors and conpact fluorescent |anps respectively, the
substitution of solar water -heaters and LPG stoves for electric water
heaters and el ectric stoves, and the retro-fitting of irrigation
punpsets with frictionless foot -val ves and HDPE pi pi ng.

To neet the total energy requirement in the year 2000 AD, the
DEFENDUS supply scenario comes out with a mx of efficiency inprovenent
and electricity substitution technol ogies, decentralized generation
technol ogi es (small hydroel ectric plants, electricity cogeneration from
sugar cane bagasse and bi onmass - based rural energy centres) and
conventional centralized generation technol ogies in an approxi mately
22:22:56 ratio. The drastically reduced demand for centralized
generation technol ogi es means that the environmentally controversia

technol ogi es -- nucl ear power plants, coal -based thermal power plants
and hydroel ectricity -- can be largely avoided.
The overall bill for the DEFENDUS scenari o has been estimated --

it is only about one-third of the cost of the conventional approach

whi ch neans that the latter woul d | ead necessarily to a rmuch higher

unit cost of energy. Even allowing for a five -year preparation period
before efficiency inprovements and electricity distribution neasures

are introduced, the DEFENDUS scenario i nvolves a shorter gestation

time. This is because it depends largely on efficiency inprovenents

and electricity substitution and on decentralized technol ogies that can
del iver energy and power with short gestation tines. And finally, the
DEFENDUS scenario is far nore environnmentally benign in terns of



mllions of tonnes of carbon di oxi de punped into the atnosphere every
year.

The case study of electricity in Karnataka shows quantitatively
that a DEFENDUS scenario can turn out to be cheaper, quicker and
environmentally nmore benign (in ternms of carbon di oxide em ssions) than
the conventional plan. It is not intended, however, to be viewed as a
universal recipe. In fact, since the current energy consunption
patterns and resource endowrents of other regions and countries are
bound to differ fromthose of Karnataka, both the conservation
potential as well as the |least -cost supply nix is bound to var y. But,
t he approach used for constructi ng DEFENDUS scenarios is replicable in
ot her devel oping countries, and therein lies its strength.
TECHNOLOGJ CAL LEAPFROGGE NG

However prom sing the DEFENDUS scenar io for Karnataka, it is,
technol ogi cal l y speaking, quite tim d and conservative. The scenario
is based on off -the-shelf technol ogies that are in no sense futuristic;
they are all proven technol ogi es avail abl e today. Further, the
scenari o has not taken advantage of the fact that the state has not yet
built as much infrastructure and industry as is in place in advanced
countries. This infrastructure of the industrialized countries has
al ready appropriated a great deal of capital -- it represents a sunk
cost -- and therefore discourages further investnments on technol ogica
upgradation. Since many of the vital industries, transportation
systemnms, roads and buil dings are not yet in place in devel opi ng
countries, it is essential that they adopt nodern energy -efficient
technol ogi es whil e establishing all this infrastructure. Then
retrofitting can be avoi ded and the problem of coping with | arge stocks
of inefficient cars or buildings - which plagues industrialized
countries today - can be avoided. Thus, the abs ence of a massive and
entrenched infrastructure nakes devel opi ng countries an environnent

that is much nore hospitable to advanced technol ogies. |n other words,
devel opi ng countries are much nore conduci ve to what nmay be call ed
technol ogi cal |eapfrogging, i.e., to the adopti on of advanced

t echnol ogi es even before they have spread in the industrialized
countries. Technol ogical |eapfro gging nust beconme a vital conponent of
DEFENDUS energy strategi es.

The al cohol programin Brazil which was an innovativ e response to
the oil crisis of the 1970's is an excellent exanple of technol ogi ca
| eapfroggi ng. Faced with an increasing deficit in its trade bal ance
due to the enormous junp in petroleumprices, Brazil decided to adopt
pure ethanol and gasohol (m xtures of ethanol and gasoline) as
substitutes for gasoline in autonobile engines. This decision was not
only influenced by econonmic considerations but also by the technica
advant ages of ethanol as a fuel, viz., its higher octane ratio.

The production of ethanol from sugarcane by the fernentation of
sugarcane juice increased fromO0.9 billion liters in 1973 to 4.08
billion liters in 198l, out of which |1.88 billion liters were consunmed
as hydrated ethanol (9l -93% et hanol plus water) and the remaining 2.2
billion liters, as anhydrous ethanol mxed with 20% gasoline. 1In |989,
2 billion liters of ethanol were used in Brazil replacing al nost



200, 000 barrel s of gasoline per day used by approximately 5 mllion

aut onobi l es. About 5 million hectares of land were u sed for sugarcane
pl antati ons (for the production of both sugar and ethanol) and the

al cohol industry generated 700,000 direct jobs. The excellent

per formance of ethanol -fuel ed autonobiles contributed significantly to
the inmprovenent of the quality of air in polluted nmetropolises such as
Sao Paul o and Rio de Janeiro

Above all, Brazil, a devel opi ng country, has established an
entire fuel cycle fromenergy source (sugarcane) via end -use devices
(al cohol -fuell ed autonobil es) to energy service (transporta tion) that
does not exist in the industrialized countries. Like children vaulting
over other playmates in the game of leap -frog, Brazil has |eap-frogged
technol ogically over the industrialized countries.

The average cost of ethanol produced in the south ern region of

Brazil is $0.185 per liter. At this cost, Brazil's ethanol could
conpet e successfully with inported oil when the international price of
oil was $24.00 per barrel. Wen, however, the oil price fell nuch

below this figure in the md 1980's, t he Brazilian ethanol programe
faced a serious economc crisis and had to be subsidized by the
government. Besides, the general econonic situation of the country
provoked a pressure to reduce ethanol costs and renove the ethano
subsi di es.

This pressure led to nmajor efforts to i nprove the productivity of
sugarcane agriculture. In addition, the conversion of stillage into
fertilizer was achieved to inprove the economcs. Brazilian ethano
distilleries becane the best in the world and have been conpeti ng
strongly in the international market. Al this has resulted in a
reduction in costs of 4% per year.

There are still further possibilities of decreasing the cost of
ethanol. In sugar factories, the main fuel is bagasse which is the

residue left aft er crushing the cane and extracting the juice. This
bagasse is burnt to produce steamfor use in the crushing nmlls, juice
evaporators, etc., and also to run turbines and cogenerate electricity.
To prevent the bagasse frompiling up in large quantities a nd creating
probl enms of disposal, the practice has been to use it inefficiently in

| ow- pressure steam-turbines that only generate about 20 kWh per tonne
of sugar cane. Replacing these outdated steam-turbines with new ones
operating on nmedi um- pressure steam (2l atnospheres) would permt a 50%
increase in the electricity generated. Wth even higher pressure steam
(62 at mospheres), as much as three tinmes nore electricity can be
generated. |If gas-, rather than steam-turbine technol ogy is used, the
amount of generated electricity could be increased by nore than a
factor of ten.

Thus, enornous increases in electricity exports can be achi eved
by using nodern cogeneration technol ogi es. Wen this export of
electricity is conbined with the production of ethano | from sugarcane
grown in plantations, the conplexes becone very attractive enterprises

But, the success of such conpl exes hinge heavily on the inprovenment of
cogeneration facilities.



| f DEFENDUS scenarios do not restrict themselves to currently
avai |l abl e technol ogi es but al so resort to technol ogi cal | eapfrogging,
they are likely to beconme even nore attractive

In this context, mention nust be nade of a thought -experinent to
estimate how nmuch per capita energy would be required in devel opi ng
countries to achi eve standards of |iving conparable to say Wstern
Europe in the 1970s. It was found that, if the nost energy -efficient
technol ogi es avail able today are used, then only about 1 kWp er capita
(used continuously) is adequate which is 10% nore than the per capita
energy being used today. Such a dramatic inprovenent in the standard

of living can be achieved with such a snmall increnent because energy is
bei ng used extrenmely inefficiently in all sectors in devel oping
countries and because it is envisaged that there will be an increase in

the use of electricity and a shift away fromtraditional biomss fuels
(fuel wood, cowdung cakes, and agricultural residues) and bi onass -based
end-use devi ces to nodern bi omass fuel s (biogas, producer gas, ethanol
nmet hanol , etc.) and devi ces (engines, turbines, generators).

NATI ONAL AND | NTERNATI ONAL ENERGY PRI ORI Tl ES

Several priorities emerge fromthe DEFENDUS approach descri bed
above.

The first priority is that devel oping countries should assign
overriding inportance to the task of satisfying the basic needs of
their popul ations, particularly the needs of the neediest. 1In do ing
so, the second priority is that devel oping countries nust cross the
hurdl e of the severe capital constraints that is frustrating
conventional energy futures -- the energy sector is becom ng
unsust ai nabl y expensi ve and new approaches are inperative. Th e third
priority is that of efficient resource utilization to get around the
resource constraints. The fourth priority is an environmentally benign
approach that ninimzes the |ocal and near -term environnental inpacts
of energy production and utilization that otherw se are becom ng
intol erable.

Shoul d these four national priorities, which constitute the
essence of sustainabl e devel opnent, be ranked in the above order? 1In
the industrialized countries, environnmental concerns intensified even
before their problenms of poverty were conpletely solved. For instance
in the United States today, increasingly |arge anounts of noney are
bei ng spent on cl eaning up the environnent even though the probl em of
poverty of a fraction of the population remains unsol ved. Thi s does
not mean that environmental concerns are separate fromthe probl em of
poverty and are attended to first because they are the concern of the
rich. Inreality, policies to protect the environnent cut cross socia
categories and are clearly of interest of all. It can even be argued
that since the poor cannot run away fromlocal environnental
degradation as easily as the rich and have a |ower health status, they
stand nore to benefit by an inprovenment in the environment.

The opposite argument -- poverty should be tackl ed before
environnment al problens are addressed -- is also fraught with danger.
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Survival is a problemof such overriding inportance to the poor that,
if necessary, they survive at the expense of the environnment. For
exanple, in some parts of Africa, the remaining tree cover is being
denuded at an alarming rate to extract wood fuel for the surviva
activity of cooking. This phenonmenon provoked the forner Indian Prine
Mnister, Indira Gandhi, to state at the Stockhol mconference o n the
environment: "Poverty is the greatest polluter!".

The conclusion is clear: both the inprovenment of the environnent
and the reduction, if not eradication, of poverty are equally inportant
and deserve sinultaneous attention. Such a thrust enmerges na turally
froma view of devel opnent as a need -oriented self-reliant
environmental | y sound process.

In addition, there is the global priority of preventing energy
from maki ng the world an uni nhabitable place -- a veritable hell on
earth.

If the listing of the international obligation to the gl oba
at nosphere after the national priorities seens perverse, inverted and
wong, it is only because conventional supply -biased energy futures
conpel a trade-off between the priorities. The worst trade -off that
can be recomnended is one in which devel oping countries are urged to
assign the highest priority to preventing destruction of the gl oba
climate at the expense of urgent national devel opnent tasks. The only
response that such recomendations are likely to elicit is that the
industrialized countries which are primarily guilty for the build -up of
gr eenhouse gases nust assune respon sibility for warding off a possible
climatic catastrophe

Fortunately, such a head-on collision between industrial ized and
devel opi ng countries is quite unnecessary. The resolution of the
devel oprment vs global climte dilemma is through energy -efficient
futures that permt an enphasis on the urgent priorities of
need-oriented, self-reliant and environnentally sound devel opnent
whil st incidentally making significant positive contributions to the
probl em of global climate. It is only such strategies for averting the
di saster of climate change that are likely to find acceptability in the
devel opi ng countries. There is an anal ogous situation in the case of
technologies -- it is only technol ogies that simultaneously solve
several problems that find acceptability. Sinmlarly, it is only those
solutions to the problem of global climte that simultaneously address
devel opment priorities that are likely to find acceptability.

In conclusion, the main submission here is that energy futures
conpatible with the achi evemrent of a sustainable world and of a
sust ai nabl e devel opnent are achi evable and within our grasp. The
choices that are proposed require inmaginative political |eadership
But, they represent far less difficult and hazardous options for this
| eader shi p than those demanded by the conventional approaches to the
world's energy future. Above all, this energy fut ure is nore a matter
of choice than of destiny but the inplenentation of such choices
depends upon many changes.
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CHANGES REQUI RED TO PROMOTE A DEVE LOPMENT THAT |'S CONSI STENT W TH
GLOBAL SUSTAI NABI LI TY

Changes in the energy systeminvolve many types of actors
operating at many different |evels: individual and institutiona
consuners, manufacturers, distributors and retailers of energy -using
devi ces, conpanies and utilities supplying and distributing energy
carriers, financial institutions, |ocal, state and federal/nationa
governments, bilateral, multi -lateral and international funding
agenci es, and foreign governnents and inter -governmental international
or gani zat i ons.

To appreciate the viewpoint of donestic consuners, consider the
activity of cooking in an Indian nmetropolis. Households have a choice
of energy carriers -- fuelwod or charcoal or kerosene or liquified
petrol eumgas (LPG or electricity. Since there may be nore than one
type of stove for sone of these energy carriers, it means that
consuners can have a choice of end-use devices. Finally, consuners
vary with regard to the nagnitude of the cooking energy service that
they want because of what, how rmuch and how nany times they cook.

In the matter of efficiency inprovenents and ot her conservation
nmeasures, it is useful to distinguish between three categories of
consuners. The first category consists of those who are unaware of the
fact that cooking with LPGis nore efficient than with kerosene. This
category represents consumers who are ignorant about the inprovenents
that are possible in the efficiency with which energy can be used. For
such consuners, the answer is information, denonstrati on and educati on
through the appropriate nedi um of conmuni cation

The second category consists of those who are quite know edgeabl e
but do not have the inclination or the neans to divert their scarce
capital resources towards t he efficient end-use device which usually
i nvol ves a nuch higher first cost. In an Indian city, for instance, a
maid in the home of an affluent famly knows very well that her
enpl oyers spend | ess on LPG cooki ng fuel than she does in her home on
kerosene even though they may have families of the sane size. Despite
this, the maid does not switch to gas cooking because LPG stoves are
twenty tinmes costlier than kerosene stoves and even if she has the
noney there are other nore pressing demands on this scarce resource

O, inthe electrified Indian village of Pura in Karnataka State
the majority of househol ds continue to use kerosene for |ighting
because they cannot afford the front -end cost of getting an electricity
connection. In return they have to mak e do with a nuch | ower | evel of
illum nation while spending roughly twi ce as much per nonth as they
woul d have if they had switched to electricity.

Since the sensitivity of first -cost-sensitive consuners arises
fromthe (un)availability of disposable i ncome, one would expect this
sensitivity to decrease with an increase in per capita i ncone. That
is, one woul d expect households to shift to nore and nore energy -
efficient end-use devices with higher and higher initial costs as their
per capita incone increases. This is indeed the case -- as the per
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capita incone of households in the city of Bangal ore, capital of the
Kar nat aka state in South India, they switch fromfirewdod cooking fue
to kerosene to LPGwith increases in stove efficiency in that order

For this category of first -cost-sensitive consunmers, the sol ution
is for an agency such as the utility to finance the purchase of the
efficient equipment with a | oan which can be recovered through the
consuner's nonthly paynents for energy. |In fact, it can turn out that
the consuner's savings in energy expenditures are greater than the cash
outfl ow on repaynents plus the new energy bills. Alternatively, the
efficient equi pment can be | eased to the consuner and the | easing
charges recovered along with t he energy bill. Thus, financia
institutions and utilities nust pronote proven financi ng schemes
(designed to convert initial capital investnents into recurring energy
charges) so that individual and industrial consumers can surmount the
capital constraints that inhibit themfrom adopting efficiency
i mprovenments. In principle, this nmethod of converting initial capita
costs into operating expenses can be extended beyond donmestic consumers
to commercial and industrial consuners thereby achieving both energ y
efficiency inprovenment and nodernization sinmultaneously.

The third category of consuners consists of those who are aware
of efficiency inprovements and who can afford their initial capital
costs but nevertheless find the energy conmponent of their tot al
expendi tures either too small or too insensitive to efficiencies of
energy use to be enthusiastic about inplenmenting these inprovenents.
For example, there is a reginme of autonobile fuel efficiencies --the
so-called valley of indifference -- in which the operating costs of
autonmobiles in the USA are relatively unaffected by their fuel
efficiencies. This category of consunmers cannot be enticed easily
either by information or by fiscal incentives. 1In their case,
interventions are required at higher levels. For instance, the
government may have to intervene with regard to the manufacturers of
energy-using devices and legislate efficiency standards or initiate
regul ati ons regarding the efficiency of end -use devices. The setting
of fuel efficiency target s for the autonobile fleet by the US
government is a well -known exanple of this type of intervention.

The establishnent of nechanisnms for converting initial capita
costs into operating expenses requires sone basic changes in the
traditional attitude of wutilities, financial institutions as well as
local, state and federal governments towards the energy system The
evolution of this energy systemduring this century was heavily
influenced by the large initial investments on |ong -gestation projects
for the supply of energy -- coal nines and coal - based power plants, oil
fields and refineries, and hydroel ectric dans and power plants. To
finance the nassive investnents that were required, a nunber of specia
schenes were devised -- guaranteed state | oans, direct governnent
i nvestments or public bonds. These schenes pernitted payback over |ong
periods and nmuch | ower rates of return on the investnments than were
preval ent in the business world. In developing countries, where
capital is scarce, nost of such investnments are made by the governnent
usual | y backed by loans frominternational banking institutions such as
the Wrld Bank. This approach to the financing of energy utilities is
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distinctly different fromthat customary in ordi nary conmerce and
i ndustry.

Many utilities have al so been influenced by the fact that, by
regul ati on, they are guaranteed a return on invested capital, after al
expenses and al | owabl e spendi ngs are deducted, of about |0% per year
In effect, this is a "cost plus" type of financia |l schene involving no
risk at all. In contrast, investnments in efficiency inprovenent and
ot her conservation neasures are treated just |ike any other business
venture for which [ oans made by commercial banks have to be paid back
inrelatively short periods at high interest rates

Efficiency inprovenents invariably require |l ess capital than
equi val ent increases of energy supplies. The real problem therefore,
is not the magnitude of capital required for inplenmenting efficiency
i mprovements; it is the overcomng of institutional barriers and
organi zational hurdles. An idea of these issues can be obtained froma
conpari son of the ease with which $2 billion can be spent on a
centralized power plant with the difficulty of spending the same sum on
end-use efficiency inprovenments. Once a decision has been made to
build the Iarge power plant and the requisite cl earances are obtai ned
the subsequent construction is a relatively straightforward task that
can be carried out by a small and disciplined team But spending two
billion dollars on end-use efficiency inprovenents is a very mnmuch nore
conplex matter. Assum ng that each efficiency measure costs between
$2,000 and $20 mllion, as many as one hundred to one mllion dispersed
sub-projects are involved. The associated activities are also far nore
difficult to organize because of the |arge nunber of diverse factors

In addition, the marketing of end-use efficiency inprovenents is
inherently nore conplicated than the marketi ng of conventional energy
suppl i es or end-use devices. It is not enough to be concerned just
wi th produci ng the "hardware" of the new energy -efficient devices
there should be as nuch attention paid to all the necessary supporting
"software". For instance, there can be a full spectrum of unusua
mar ket i ng probl ems: diagnosis of the individual consumer's needs for
cost-effective energy services; identification of the appropriate
conservation technol ogies that will serve these needs; consuner
education regarding the inportance of these t echnologies in a situation
where the expected savings are often anbi guous; financing of the new
devi ces or the necessary contractor work; after -sales servicing;
nmonitori ng of the perfornmance of the efficient devices in the field to
deternmine the actual savings and to provide a feedback that can be used
to nodify energy conservation programme. Al these aspects of the
mar ket i ng of conservation should be addressed if the aimis to pronote
effectively energy end-use efficiency across a broad range of energy
services in devel oping countries -- fromcooking wi th inproved fuel wood
stoves to lighting with conpact fluorescent |anps and industrial drives
with efficient notors.

The electric and gas utilities are particularly well qualified to
mar ket end-use efficiencies. Al ready a nunber of the nore progressive
utilities in the United States have initiated energy conservation
prograns that include providing advice on investnments in energy
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efficiency, arranging contractors to carry out the necessary work,
financing the investrments with | owinterest |oans and providing rebates
to consumers for the purchase of energy efficient appliances and/or to
appliance dealers for pronoting their sales.

Accustonmed to accunul ating large quantities of capital, utilities
are also well-positioned to direct these resources to energy efficiency
i nvestments. Also, they have an adninistrative structure for
channelling the capital to the extremely | arge nunber of consuners
(househol ds and busi nesses) with which they deal on a regular bas is.

Mor eover, the regular energy billing systemoffers the opportunity to
custoners to pay off loans fromthe utility through their utility
bills, i.e., to pay "life cycle cost bills" as alternatives to fuel or

electricity bills.

There are various ways in which such a conprehensi ve marketing of
energy conservation could be achieved. One possibility is to convert
energy utilities into energy service conpanies, that is, conpanies that

mar ket energy services (heating, cooling, lighti ng, stationary and
nmobil e drives etc.) in nuch the sane way they narket energy carriers
today. |If utilities evolve in this direction, they would actually be

di scharging a function that was originally envisioned for them --when
Thomas Edi son i nvented the i ncandescent bul b, he proposed that

utilities sell illum nation, rather than electricity, so that woul d

have a vested interest in providing this illumnation in the nost cost -

effective way. Changing the charter of utilities fromsuppliers of
energy carriers to vendors of energy services is a process in which
local and international financial institutions have an inportant
nmotivating role to play.

Changes such as these can be inplenmented effectively only if
local, state or federal governments follow new ap proaches to the
formul ati on of energy policies.

Above all, the level of energy services, rather than the
magni t ude of energy consunption, nust be considered as the true energy
i ndi cator of devel opnent. |n advancing devel op nment by increasing the
| evel of energy services, first priority should be given to those
energy services that satisfy basic needs, i.e., there should priority
for energy services that inprove the quality of life of the poor,
generate enployment and reduce poverty, and influence criti cal sectors
such as agriculture and industry.

Si nce the conventional approach enphasi zes energy consunpti on,
its attention turns to supply increases which are then differentiated
into centralized and decentralized sources. Conservation becones a
separate issue. As a result, centralized and decentralized supply
i ncreases and conservati on measures becone separate deci sions handl ed
by separate offices or departnents or nministries with separate budgets.

In such a context, enpires and satrapies develop. A nd, in the ensuing

conflict over funds, centralized supplies (with the strongest | obbies)
get the biggest budgets, decentralized sources, nuch |less, and
conservation has to be content with the |eftovers
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But, any energy service, say, lighting, can be obtained either by
increasing centralized or decentralized supplies or by using nore
efficient devices. To know which is the best way of obtaining that
service, they nust be conpared with each other. Hence, sound
managenent requires that tenders nust be called, not for augnenting
supplies, but for providing the energy service at the least financia
cost with the | east environnental inpact.

If there is concern for |east -cost environnmentally beni gn energy
pl anni ng, then it must be ensured that the conpetition between supply
increases (of centralized and decentralized sources) and conservation
nmeasures is fair. Energy savings should be treated symetrically with
energy production. This might mean, for instance, that the expenses
associ ated with conservation are considered as the cost of service and
used for a "cost plus" nmethod of charging custonmers as in the case of
supply technologies. Al three contenders -- centralized sources,
decentral i zed sources and conservati on neasures -- nust be conpar ed on
the same terms of credit (including interest rates), benefits,
incentives, subsidies, etc. At present, the conpetition is certainly
not fair -- the advantages are heavily weighted in favour of
centralized sources and agai nst conservati on neasures wi th
decentral i zed sources in between. This nmeans that there should
specific policies for pronoting this fair conpetition through the
elimnation of subsidies to energy supplies, "right" pricing of
suppl i es based, for instance, on long -run margi nal costs, and
generation of sound databases for the conparison.

A variety of policy instruments are available for the
i mpl ement ati on of energy policies: - nmarket forces (operating through
prices), subsidies, concessions of various types, administrative
al l ocati on of energy carriers, equi pment and capital, taxes on energy
carriers, regul ations, standards, |abelling of appliances to reveal
energy performance, data and i nformation, research and devel opnent,
etc. Depending upon the areal/sector and the region, each one of these
instruments has its own degree of (in)effectiveness. Hence, it is
i mportant that a specific package of policy instrunents is assenbl ed
for each energy efficiency neasure.

The market as an excellent allocator of capital, raw materials a nd
manpower, and therefore its power nmust be utilized to the full. But,
mar ket forces also have their limts; in particular, they cannot be
depended upon to safeguard equity, externalities (in particular the
environment) and long-terminterests. Hence, s pecial policies have to
be devised to protect the poor, the environment and the long -term

To summari ze: if energy policies are to be consistent with the new
paradi gm there nmust be a shift of focus fromenergy consunption to
energy services, a priority for energy services for basic needs, a
conparison of supply increases with efficiency inprovenents and ot her
conservation neasures, |east -cost planning, the pronotion of
conservation, the devel opnent of packages of policy instrunents, and a
recognition of the power and limts of the market

ROLE OF | NTERNATI ONAL, MULTI LATERAL & | NDUSTRI ALI ZED COUNTRY
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FUNDI NG Al D AGENCI ES | N PROMOTI NG THE NEW PARADI GM

In inplementing a DEFENDUS energy strategy in devel opi ng
countries, the international nultilateral & industrialized country
fundi ng/ aid agencies can help in a mgjor way. But, sone changes in
their practices are required b ecause today there a nunber of barriers
at the international |evel

The Inefficient -Technol ogy Exporters: After the oil -price shocks
of the 1970s, there has been considerable change in energy thinking in
the industrialized countries, particularly with r egard to inprovenments
in energy efficiency |leading to greater energy services for the sane
i nput of energy. |In this process, a nunber of the old energy -
inefficient technologies of the earlier cheap -o0il era have been
replaced with nmodern energy -efficient t echnologies. But, in the
devel opi ng countries, the process of efficiency inprovenent has not
taken place to the same extent. This is primarily because of the
transfer of obsolete, often cast -off, energy-inefficient technologies
to the devel opi ng countries which have al ways depended heavily on
technol ogy inports fromthe industrialized countries

Further, a basic difference between industrialized and devel opi ng
countries nmust be enphasized here. Wereas industrialized countries
had | arge stocks of inef ficient equi prment to be replaced, devel opi ng
countries are very nuch nore of a "blank sheet". Mich of what the
devel opi ng countries have, may be inefficient, but fortunately, they do
not have too much of it. Hence, they can |eapfrog technol ogically by
adopti ng energy-efficient technol ogi es w thout going through the
intermedi ate phase of |arge-scale energy inefficiency.

The barrier to a paradi gmchange created by the energy -
inefficient-technol ogy exporters can be tackled by assistance with
technol ogy assessnent, by favouring energy -efficient technol ogies in
aid programmes and by supporting technological leap -frogging in
devel opi ng countri es.

The Supply-biased: Just as the producers and distributors of
energy carriers and financial institutions within devel oping countries
are obsessed with the supply aspect of the energy system the
international, nultilateral & industrialized country agenci es t hat
provide the funds and aid are al so supply-biased. Thus, of the $66. 83
billions (constant 1991 dollars) given between 1980 and 1990 as energy
sector loans by the multilateral devel opnent banks (Wrld Bank - 67%
Asi an Devel opnent Bank - 11%, less than 1% has been for end-use energy
ef ficiency.

The origin of this barrier is the conventional approach to energy
followed by these international, nultilateral & industrialized country
agenci es according to which the purpose of the energy systemis to
i ncrease energy consunption which neans that the enphasis has to be on
increasi ng the supply of energy. Hence, efficiency inprovements becone
a separate issue that is automatically ignored because it does not |ead
to increases in supply and consunpti on.
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This barrier has t o be tackled at the conceptual stage by
propagating a shift to the DEFENDUS paradigm -- instead of judging
devel oprment by the magni tude of energy consunption, it nust be neasured
by the | evel of energy services. But there are several options for
i mproving energy services -- in particular, they can be increased
ei ther by increasing supplies or by using nore efficient devices. For
these agencies to know which is the best way of obtaining that service,
the various options must be conpared with each other. H ence, sound
financi al managenent requires that tenders nust be called, not nerely
for augnenting supplies, but for providing the energy services that are
necessary. In addition, efficiency inprovenent neasures nmust be
included in the options considered by the |east-cost planning process.

Thus, the best way of contributing to the dismantling of the
barri er posed by the supply-biased is to shift the enphasis from energy
consunption and supplies to energy services, to include efficiency
i mprovenments in the list of options for providing services, and to
pur sue | east - cost pl anni ng.

The Anti -innovation Attitude: Another barrier is the reluctance
of international financial institutions such as the World Bank to fund
new- but - yet - unproven technol ogies. The reasons for this attitude at
the international level are as foll ows.

The technol ogi es underlying a paradi gmshift are evol ving
rapidly, and at any juncture, there are prom sing but not -yet-proven
technol ogi es. These new t echnol ogi es have not yet passed t hrough the
i nnovati on chain -- the sequence of steps (such as basic research
applied research, design, engineering for nmanufacturing, manufacturing
and marketing) fromidea/concept in the mnd to product/process in the
econony.

It is well-known, however, that before a technol ogy penetrates
the econony, it has to pass through several stages:

(1) the technol ogy must be "right" -- its technical potential should
have been achi eved t hrough research and devel opment and har nessed
for production, and awareness of this potential should be
wi despread anong technol ogy - adopt ers through denbnstrati on and
experience, i.e., the R & D nust be conplete, the technol ogy nust
be productioni zed and the technol ogy nmust be proved and
denonstr at ed;

(2) the costs nust be "ri ght" -- its economc potential should have
been realized through cost -reduction invol ving nmass production
and organi zational learning (in the case of nodest -scale and
nodul ar technol ogi es) ;

(3) the market nmust be "right" -- its market potential should hav e
been realized by overcom ng market inperfections and by
surmounti ng nmarket barriers and having all the policies,
institutions, managenent, etc., right.

To get the technology right, the inportant steps of production -
i zing and denmonstration, which are costlier than the research and
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devel opment (R & D) steps, need to be conpleted. Unfortunately,

technol ogies at this crucial stage of comrercialization tend to fal
between two stools -- the agencies that fund R & D do not support
producti oni zi ng and denonst ration as they are not considered R & D, and
the financial institutions avoid supporting anything that is not -yet-
pr oven.

To get the costs right, it is necessary to achieve inprovenents
in the cost-effectiveness of the technol ogy, for instance, through
econonies of scale in the case of mass -producti on or organi zati ona
learning in the case of nobdest -scal e and nodul ar technol ogi es.

To get the markets right, it is essential to have pil ot
experiments that denonstrate how to overcone the barriers to the smooth
and effective functioning of the market.

Unl ess financial institutions support productionizing, denon -
strations, inprovenents in cost -effectiveness, pilot inplenentation
experiments, achi evenent of scale econonmies in the case of mass -
producti on, organi zational |earning etc., the innovation chain will not
be conpleted. It is fromthis standpoint that the anti -innovation
attitude of international financial institutions is a barrier against
t he devel opnent of the new technol ogi es.

O course, there is a rationale behind this conservative attitude
of the international financial institution. Not all yet -to-be-proven
technol ogi es succeed in the marketplace. |If, therefore, the banks want
every new technology to be an assured financial success, no such
assurance can be obtained. On the other hand, if the banks are | ooking
for the success of a portfolio of technol ogies, rather than every
single one, then this venture -capital approach can lead to financia
success

Al'l ocation of small percentage of the funds of internationa
financial institutions for venture -capital support of as-yet-unproven
technol ogies is a contribution to overconming the barrier of the anti -
innovation attitude of international financial institutions.

The anti -innovation attitude results in even the nost prom sing
of these technol ogies being unable to find financial support for
conpl etion of the innovation chain. This is particularly the case with
technol ogi es for energy-efficiency inprovement and for renewabl es
especi ally for bionmass production and bi omass - based energy
t echnol ogi es.

It is against this background that the Scientific and Technica
Advi sory Panel (STAP) to the G obal Environnment Facility (GEF) has
devel oped criteria for project identification. The se criteria permt
CEF to take a technology with gl obal environmental benefits that has
not yet achieved its full technical, economc, and market potential and
assist it to achieve this potential with GEF fundi ng even t hough
mai nstream financing will not deemthe technol ogy ready for support
Thus, CEF support is intended to nake the technol ogy inpl enentabl e
because it would not be inplenented wthout this denonstration and
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proof of inplenentability. GCEF can also fund

(1) the denonstrati on and proving of technically feasible
technol ogi es that are not yet proven,

(2) the transformation of technically proven technol ogies into
econoni cal ly viabl e technol ogi es by getting the costs
ri ght,

(3) the conversi on of economically viable technol ogies into
mar ket abl e technol ogi es by getting the market environnent
ri ght,

(4) techni cal assistance, training facilities and training to
overcome the shortconings of a country lacking in
appropriate policies and | egislation, institutiona
capabi lity, managerial conpetence and skilled personnel to
di sseninate a technology that is technically and
econoni cal ly viabl e and al so nmarket -worthy

(5) the preparation of conplete inplenentation packages
identifying and specifying all the hardware as well as the
"software" (policies, policy instrunents, policy agents,
institutions, financing, managenent, etc.).

Thus, the barrier of the anti -innovation attitude of
international financial institutions can be addressed by reserving a
smal | percentage of the funds of these institutions for GEF-type
support and assistance of promising but as -yet-unproven technol ogi es
and hel ping themto conplete the innovation chain

The Large-is-Convenient Funder: The international, nultilateral
& industrialized country agencies that provide the funds a nd aid for
energy projects are | arge expensive bureaucracies doing a great deal of
paperwork. And the paperwork and adm nistrative expenditures (site
visits, for exanple) necessary to fund a project are roughly the sane
for a large project of $1 mllion as for a project of $10,000. So, if
there is a $1 nillion budget and a choice has to be made between one
large project of $1 million and 100 projects of $10,000 each, the
bur eaucracy tends to choose the large project to avoid hundred tines
nor e paperworKk.

The way of hel ping to overcone the barrier of a funding
bureaucracy that finds it convenient to support large projects is to
arrange for funding a programe adm ni stered by an agency that bundl es
a | arge number of small projects and inplenents the bund | e

The Proj ect - node Sponsors: Financial support for energy
activities fromaid agenci es has invariably been project -oriented,
typically biased to |large supply projects, e.g., the construction of
massi ve hydroel ectric danms. This tendency is partly beca use of the
| arge-is-conveni ent syndrone described in the previous section. Aidin
the project node may be appropriate for supply -oriented energy
strategi es where the preoccupation is with massive energy plants. But
this approach is a barrier to inplenment ing, for instance, energy -
ef ficiency progranmes whi ch enphasi ze a | arge nunber of diverse and
often small -scale technologies to suit regional and |ocal conditions.
The inpl enentation of a |arge nunber of small projects is inpractica
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with project-type support in which the disbursal of funds is closely
adm ni stered by the funding agency.

The barrier arising fromproject -node sponsors has to be overcone
by nmeasures that include the reorientation of aid fromspecific
projects to a bundle of projects or broad programres for which the
detail ed all ocation of programme resources is largely the
responsi bility of locally based institutions in accordance with the
overal | progranme objectives.

The Self-Reliance Underminers (alias the Dependence -
Perpetuators): A drawback of the policy of shifting fromproject to
programme support is that nost devel oping countries nay not have the
t echnol ogi cal and managenent institutions and expertise to plan and
adm ni ster such programmes. In fact, this is another reason why aid
support has not enphasi zed programes but instead has supported
projects that are closely and narrowWy defined at the proposal stage so
that the aid agencies do not have to rely nuch on local institutions
and capabilities.

The solution to this problemis to devote efforts to building
institutions and strengthening indi genous capability. Even though the
long-term pay-offs of such efforts are sure and enornous, aid agencies
see this as a tine-consum ng and frustrating task. They cannot resi st
the tenptati on of achieving what they think are "quickie successes"

In the process, they debilit ate indigenous technol ogi cal capability,
undernine self -reliance and perpetuate dependence.

Speci al steps nust be taken to build indigenous technol ogica
capability and strengthen self -reliance. A portion of the aid should
be directed to building the necessary energy-related institutions and
enabling themto support staff who are famliar with | ocal devel opnent
probl ens and who are capabl e of carrying out the needed technol ogy
assessments, formulating the appropriate programres, nonitoring these
efforts and inproving programmes in the light of field experience.

The large utility conpanies of devel oping countries are
particularly attractive candi dates for "institutional renovation"
through a reorientation of their technically conpetent staff from
preoccupation with energy supply expansion to the administration of
broad energy service programmes. As this institutional capability is
devel oped, a greater and greater shift fromproject to programre
support coul d take pl ace.

Traditionally, aid has not been very effective in directly
fostering and strengthening | ocal technical capability. |In part, this
has been due to the enphasis on |arge projects for which highly
speci al i zed support services are required. The result has been that
procurenment and consul ting arrangenents are frequently left to foreign
conpani es who become better and better at providing these skills. But,
anot her and perhaps nore inportant, reason is that nmost of the |arge
| oans and grants managed by international and mnultilateral
organi zations are given specifically to cover expenses invol ving
foreign currency. Local expenditures are not covered by the | oans.
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The aid money is, therefore, spent mainly on consultancy and

engi neering services and on nmachinery inported fromabroad. Oten, a
si zeable fraction of bilateral support nust be spent in the donor's
country and/or on its personnel

These practices, which are de facto nethods of recycling the aid
back to the donor country, are not consistent with facilitating and
strengthening sel f-reliant energy-efficiency efforts. They tend to be
nore of a zero-sumgane (what the foreign consulting firmagains, the
i ndi genous group loses) than a win-win situation (in which the foreign
and | ocal groups benefit synergistically). Mich nore in the i nterests
of the aided country is a policy of strengthening of indigenous
techni cal capability, one which stipulates that

(1) before foreign consultancy services are recruited, it be
proved that they are both essential and unavoidabl e, and
when they are hired, nmeasures be taken to associate |oca
groups with the project/programes, and

(2) a significant fraction of the aid be spent donestically in
the recipient countries so that it is able to contribute to
bui I ding the | ocal technical capability.

Thus, the sure way of overcomi ng the barrier created by the self -
reliance-underm ner and the dependence -perpetuator is to devote
consi derabl e and meticul ous effort to the initiation/establishnent/
strengt heni ng of indigenous capability in the areas of energy a nalysis
and pl anning and of energy technol ogies.

I S THERE HOPE FOR SUCH CHANGES?

| f DEFENDUS scenarios for devel oping countries are indeed as
superior -- cheaper, quicker, nore environnmentally sound and nore
equitable -- as they have been shown to be for Karnataka, then one
woul d expect themto be chosen on the grounds of rationality. Energy
deci si on-maki ng, however, is not based on rationality al one. Powerful
vested interests have grown around the conventional energy supply
industries. But, now the supply |obby can no | onger procure the
capital to carry through its exorbitantly expensive schenes as easily
as before because the bankability of their schemes is being eroded by
rising costs and environnental safeguards. This lack of funding
support for new energy supply is likely to force a reassessnment of
suppl y- obsessed energy planning. This may lead to a nore favourable
consi deration of the DEFENDUS approach and a nore bal anced approach to
the probl em

There is an international dinension to the problem Devel opi ng
countries have nmade requests to the Wrld Bank that add up to close to
$I trillion in the next 10 years only for new electricity supplies.

Such an astronom cal demand is clearly not feasible since the Wrld
Bank can finance at best only 0% of the request. Wrld Bank reports

al so indicate that there are trenmendous | osses and inefficiencies -
including extrenely weak managenment - that shoul d be tackled before any
new i nvestments are nmade. Further, energy anal ysts can now present
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alternatives with concrete proposal s backed by nunbers and not as

enoti onal hand-waving argunents. As a result, it will becone nore and
nmore difficult for funding institutions to reject cost -effective and
environnental ly sound end-use-oriented scenarios presented in
increasingly quantitative detail

Nevert hel ess, the changes required involve a fundanental shift
away fromthe conventional supply -side consunption-directed approach to
the energy problemto a DEFENDUS approach. Can such a transformation
take place in the next few decades?

Apart from the possibility of international aid agencies finding
the bill for the supply approach inpossibly high and pushing for
environnmental ly sound energy strategies, the hope for the requisite
changes lies in the convergence of a nunber of other interests.

Industrialized countries which have hitherto collaborated with
the elites of devel oping countries to pursue unsustai nabl e growth
patterns, are now threatened by the global environnental consequences
of conventional energy strategies in devel opi ng countries. A historic
shift in allegiances may take place -- industrialized countries m ght
find it in their enlightened self -interest to support sustainable
devel oprment invol vi ng DEFENDUS ener gy strategies.

Envi ronment al novements are growi ng within devel oping countries
because of the increasing degradati on of the |ocal environnent, and
these internal novenents are forging alliances with counterparts in the
industrialized world. Devel opnental activists are protesting agai nst
suppl y-bi ased strategi es because energy is not trickling down to the
poor. And, finally, the people are beconing restless with the energy
systenms of today that bypass them

DEFENDUS energy scenarios may be difficult to inplenment, but the
current energy systenms are inpossible to sustain.

THE NEED FOR NEW AND ADDI TI ONAL RESOURCES FROM THE | NDUSTRI ALI ZED
COUNTRI ES

The note of optim sm above should not | ead the reader to concl ude
that the desirable change will take place spontaneously and that,
therefore, there is no need for the industrialized countries to provide
new and additi onal resources to pay the extra bill for environmental
protection in the devel oping countries. There are good groun ds for
cautioni ng agai nst such a concl usion.

Even if the industrialized countries stabilize their emi ssions of
greenhouse gases, the growth of these em ssions fromthe devel opi ng
countries will increase the atnospheric concentrations of these gases
to dangerous and unacceptable levels. Hence, the environnental inpacts
of energy consunption in the devel oping countries cannot be ignored
even t hough these countries do not contribute the major portion of

greenhouse gases today. Since the environnent of industrialized
countries will be adversely affected to a significant extent by the

pattern of economic growth in the devel oping countries, the process of
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devel oprment is not nmerely a matter of concern to the devel opi ng
countries -- it is an issue of central inmportance to the industrialized
countries.

Fortunately, there are strategies of sustainabl e devel opnent that
yi el d gl obal environnmental benefits as a free byproduct. This bonus is
the result of projects which would in any case be included in the
devel opment portfolio, having the added benefit of not pronoting
environment al degradati on. Thus, nmany projects that inprove the
efficiency of energy utilization are justified on grounds of cost -
ef fectiveness alone, but they also do not increase the em ssions of
greenhouse gases, i.e., they automatically prevent further
envi ronment al degradati on.

For example, if an approach such as that described in Section 4
is followed at the all -India level, it has been argued that, through 27
efficiency inprovement neasures for the electricity sector, all of
whi ch are cheaper than the nmargi nal cost of generation, a saving of
about 21% or 124 TWi/year is possible out of the 594 TWi/year projected
by India's Central Electricity Authority for the year 2000. On the
basis of coal and natural gas contributions of 64.6%and 8.4%to the
energy source nmix, this saving corresponds to a saving of about 100
mllion tonnes of CO,/year.

However, not all the projects in the devel opnent portfolio of
devel opi ng countries can yield this bonus -- there can be nany projects
in the devel opnent portfolio that are harnful to the gl obal
environment. For exanple, a coal -rich developing country may find it
cheaper to generate electricity fromcoal -based thermal power plant
than froma nore environnmental |y benign geothermal plant of the sane
capacity, in which case the geothermal plant would be excluded fromthe
devel oprment portfolio. O, a devel oping country nmay have al ready
invested in refrigerators using chl orofluorocarbons (CFCs) that are
har nful both from ozone-destroyi ng and gl obal warni ng poi nts of view,
in which case the replacenment of CFCs in existing refrigerators and of
existing refrigerator -manufacturing capacity may have enornous benefits
with regard to the gl obal environnent but do not provide nore energy
services than the "dirty" technology, i.e., they do not advance
devel oprment any further.

Under these circunstances, it is unreasonable for the
industrialized countries which have been overwhel mi ngly responsible for
the accunul ati on of greenhouse gases in the atnosphere, to ask
devel opi ng countries to desist fromcoal plants and opt for nore
expensive geothermal plants or to scrap their previous investments for
manufacturing "dirty" CFC-based refrigerators and establish new
capacity for "clean" refrigerators. The unreasonable character of such
a request is accentuated by the enornous expenditures involved. For
exanpl e, India has estimated that it would require between $1.2 -2.4
billions to switch over to the use of clean CFC -substitutes. Cearly,
the only way such countries can be induced to advance gl oba
environnmental benefits is for the industrialized countries to provide
the increnental funding necessary for the establishment of benign
technol ogi es or for the replacenent of dirt y technologies with clean
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t echnol ogi es.

I n demandi ng such benign technol ogi cal changes in the devel opi ng
countries, a necessary condition is that the recomended changes mnust
advance devel oprmental objectives to the sane or greater extent, but not
to a lesser extent. |If this condition is not satisfied, devel oping
countries will in effect be asked to pronote gl obal environmental goals
by reducing the quantity of goods and services when the | evel of
satisfaction of needs provided by these goods and servic es is
pathetically low -- and this is their strong apprehension! Such a
demand is, of course, unacceptable -- hence, devel oping countries mnust
not be asked to curtail their devel opment in the interests of the
gl obal environnent.

In addition, there are -- as pointed out in Section 5.3 --
t echnol ogi es which are not -yet-proven but are far nore pronmising froma
gl obal environnental point of view than current technol ogies providing
the sane service. To benefit fromthese new technolog ies, they have to
be assisted to pass through the innovation chain -- their technical
econoni ¢ and market potential nust be realized by getting the
technol ogi es, costs and markets "right" through productioni zing,
denonstrations, inprovenents in cost -effectiveness, pilot
i mpl ement ati on experiments, achi evenent of scal e economes in the case
of mass-production, organizational learning etc. In this case too, of
new t echnol ogi es that are nuch nore environmental ly benign, the
industrialized countries nmust bear the extra expense of naking them
i mpl emrent abl e because they would not be inplenented w thout
denonstrations and proof of inplenentability.

The "good news" is that a nunber of industrialized countries --
but not all of them -- have created the G obal Environment Facility
(CGEF) to provide these new and additional resources for increnental
fundi ng

(1) to incorporate into the devel opnent process environnental ly
beneficial projects that woul d ot herwi se be excl uded on

econoni ¢ grounds -- these are known in CEF term nol ogy as
"Type II" projects, and

(2) to make environnental ly prom sing but not -yet-proven
technol ogi es inplementable -- these are known in GEF
term nol ogy as "Type |" projects.

However, there is also "bad news". Firstly, the donors seemto
be biased in favour of Type Il projects and agai nst Type | projects
even though it is the latter that are likely to confer far greater
gl obal environnental benefits. Secondly, the GEF resources -- about
$1.4 billion -- are a nere "drop in the ocean" and the col ossa

resources of the Wrld Bank are outside the scope of GEF and under the
control of the regular non-CEF part of the Bank which has yet to accept
the innovative approach of GEF. Thirdly, after the GEF projects are
sel ected, they are inplenented by the same regul ar Bank operations
staff that has in the past been quite insensitive to environnental
issues. Indeed, if local and gl obal environnmental costs and benefits
had been included routinely in the Bank's evaluation of projects, there
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woul d have been no need for a special nmechani smsuch as GEF to include
environmental |y beneficial projects that woul d be excluded in a
conventi onal eval uati on process.

THE NEED FOR CHANGES | N APPROACH AND FUNCTI ONI NG OF | NTERNATI ONAL
FUNDI NG | NSTI TUTI ONS AND | NDUSTRI ALI ZED COUNTRI ES

In addition, the note of optimsmnust not |lead to the concl usion
that there is no need for international banking institutions and
industrialized-country donors to change the way in which they approach
the process of devel opnent and the i ssue of environnental protection in
the devel opi ng countries. |In fact, several crucial changes are
necessary.

Fol | owi ng fromthe di scussion of CGEF in the previous section, the
donors nmust, firstly, pronote both Type Il projects that would
ot herwi se be excluded on econom c grounds as well as "Type |" projects
to make environnental ly prom sing but not -yet-proven technol ogi es
i mpl enentabl e. Secondly, GEF-type resources inplemented with
innovative GEF-type criteria nmust be augnmented to a scal e where they
are larger than, or at |east conparable to, the resources of the Wrld
Bank. Thirdly, the inplementati on of GEF proje cts is as inportant as
their selection; hence, they nust be inplenented by operations staff
that are sensitive to environmental issues. Finally, local and gl oba
environmental costs and benefits nmust be incorporated routinely into
the evaluation of projects by international |ending institutions and
donor agenci es.

A nore fundanental change is required in the approach of |ending
and donor agencies. Thus far, these agencies have not distinguished
bet ween sustai nabl e developnent , i.e., need-oriented, self-reliant and
environmental |y sound devel opnent, and economic growh that degrades
the environment while its benefits are skewed in favour of devel oping
country elites and its nodus operandi accentuates dependence. A
cynical interpretation is that this undiscrimnating view and this
blurring of distinctions prevailed as long as it was only the poor in
devel opi ng countries who were the victinms of economic growh. Now, the
situation has been transformed by the fact that the industrialized
countries will themselves becone victinms of distorted devel opnent via
the degradation of the atnosphere. Hence, the | ending and aid agencies
wi || have to abandon their support for indiscrininate growh; they have
to devel op a vested interest in sustainable devel opnment. The se
agenci es nust stop being part of the problenm they nust becone part of
the solution.

In order to chanpi on sustai nabl e devel opnent, these | ending and
ai d agencies nmust delve into the basis of sustainability and inpl ement
its crucial conponents. Wen t hey nove in this direction, they wll
find that basic changes are necessary in their approach and
functi oni ng.

Consi der the efficient production and use of energy in particular

whi ch has to be an essential ingredient of sustainability. The record
of the nultilateral devel opnent banks is dismal in the natter of energy
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efficiency with utterly trivial funds going for such projects and the
overwhel ning share going for supply projects many of which are
environmental | y harnf ul

So, a crucial step is for lending and aid agencies to achieve a
bal ance in their funding portfolio between efficiency inprovenents and
renewabl e sources on one hand and environnentally degrading centralized
supply technol ogi es side on the other . This means that they nust
encour age | east-cost energy planning in devel oping countries for it is
intrinsic to the | east -cost approach that efficiency inprovenents,
renewabl e sources and centralized supply technol ogi es have to be
conpared on equal ternms. To increase the effectiveness of |ea st-cost
pl anni ng, | ending and ai d agenci es should al so assi st devel opi ng
countries to price energy carriers "right", i.e., equal to the long -run
mar gi nal cost and to pronote renewabl e sources of energy .

Thus, the challenges are major and many, and tine is running out.
Fortunately, awareness is increasing and spreading rapidly. Therein
i es the hope.

FI LENAME: STRASBOU. RG Cct ober 13, 2005
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PO NTS THAT MUST NOT BE OM TTED
(1) Conservation rmust not |lead to decrease in the |level of energy
services which are already |ow in devel opi ng countries.
(2) Devel opi ng country perspective but variety of exanples (not only
Brazil /1 ndia and Sao Paul o/ Kar nat aka) .
(3) Not only what should be be done but also what is possible (in

terms of real life prospects).

(4) Do not negl ect supply side

(5) If inportant questions cannot be answered because research has
not yet been done (e.g., what will be the supply mx for al

devel opi ng countries or even for sone | arge devel opi ng
countries?), then state uncertainty.

(6) Aut hors nmust not hesitate to take a policy stance re: what nust
be done

(7) El abor at e where change is going to come from and where the
responsibilities lie.

(8) What is inportant is not whether fuelwood is used for cooking but
whether it is being obtained renewably or non -renewably.

(9) El ectricity use is greater in the 1 kWscenario

(10) Role of multi-nationals.

ENERGY, ENVI RONMENT AND A SUSTAI NABLE WORLD

The interaction between energy and the environnent is intinmate
and inevitable, and therefore the increasing use of energy |eads
inexorably to escalating environmental degradation. The degradation is
both local and global. As the global inpacts increase in intensity,
the sustainability of the world is threatened because environnenta
stability is one of the conditions for global sustainability. The
ot her necessary and sufficient conditions are the satisfaction of the
basi c needs of the peoples of the world, the econonmic viabilit y of the
energy production systens and the self -reliant interdependence of
nations, and current energy systens are jeopardizing these conditions
too. The poor do not have adequate energy services to satisfy their
basi ¢ needs and the conventional viewis t hat the only way of providing
these increased services is by stepping up the supplies of energy.
When, however, this supply approach is pursued indiscrimnately, no
only does the economics tend to become unviable, but in addition, peace
i s endangered by t he dependence on sonme countries for energy sources.
Thus, when a purely supply approach to increasing energy services is
pursued, the inevitable result is a conbination of mounting costs,
decreasing self reliance and endangered peace, in addition to
i ncreasing environnental degradation. It appears that there is an
energy vs global sustainability dilemma -- the greater the energy that
is necessary to provide energy services, satisfy basic needs and
sustain the world, the nore is global sustainability threa tened.

JOBS TO BE DONE BY AMULYA BY MAY 15
(1) Table 1 to show di fferences between devel opi ng countries --
Source: World Devel opment Report (1989)
(2) Table 2 to show i nconme disparities -- Source: Wrld Devel opnent
Report (1989)

JOBS TO BE DONE BY JOSE

28



(1) Figure 1 : Pie-charts of end-uses of residential electricity in
say Sao Paul o and a US city

(2) Doubling tinme for fossil -fuel -derived enissions fromthe
devel opi ng countries -- Jose/Bob: Can you pl ease help out with
this nunber; ny data sources are in India]

(3) Fi gures 5a: Pie-chart showi ng the causes of deforestation in the
Amazon

(4) Figure 10 to substantiate the point that the energy -CGDP ratio has
been decreasing steadily except for the period in which their
infrastructure of heavy industry was being established.

(5) How about the Feiveson Princeton protocol ?

Note to Jose: The first level classification is obviously into options
for generating and saving, but the second |level consists of further

cl assifying generation options either into centralized and
decentral i zed sources or into non -renewabl e and renewabl e sources.
Energy pl anners and inplenmentors think virtually exclusively in terns
of centralized options (large hydroelectric plants, coal -, oil- or NG
fired thermal plants or nuclear power stations), but environmentalists
think in terns of the renewability and non -renewability of sources.
Most centralized sources have environnmentally negative inpacts -- even
| arge hydroelectric plants nmay be renewable in terns of the energy of
the water, but they are non-renewable fromthe point of view of the
prime forests that were irreversibly submerged to store the water
behind the dam And nost decentralized sources are enviro nnentally
beni gn because it is mainly direct solar and bi omass energy (and micro -
and mni - hydroel ectric energy) that is available locally. Hence, the
presentation can be tuned to decision -makers by adopting a sub -
classification into the options for gener ating it fromcentralized
and/ or decentralized sources and then bringing in the question of
renewabi | ity]

In inplementing an DEFENDUS energy strategy in devel opi ng
countries, the international aid agencies can help in a nmgjor way.
But, some changes in their practices are required. They nust conpare
supply increases and efficiency i nprovenents on the sanme terns and as
part of the same deci si on-nmaking process and provide financial support
to conservation and renewables. In addition, international aid
agenci es must include gl obal environmental inpacts in their evaluation
of projects. And their aid nust be restructured by shifting the
enphasis fromproject to program support, building and str engthening
energy-ai d-receiving indigenous institutions, strengthening indigenous
energy-related technical capability and supporting technol ogica
| eapfrogging efforts.

It is with respect to technol ogi cal |eapfrogging that the
national and multi -national conpanies of the industrialized countries
have a crucial role. It is these conpanies that are engaged in, or
have the potential to engage in, technology transfer through
col I aborative ventures with manufacturing firns in the devel opi ng
countries. Unfortunately, there are many instances where these
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conpani es have transferred environnentally malign technol ogi es and even
t echnol ogi es that have been banned in the industrialized countries on
environmental grounds. But, this need not be the case. Since, the se
conpani es are also doing a great deal of the research and devel oprent
on futuristic technol ogies, they are potentially powerful mechanisns
for the process of technol ogi cal |eapfrogging vehicles.

If the devel oping world has the funds to inplenent DEFE NDUS
energy strategies, the protection and inprovenent of the gl oba
environment will be greatly advanced. But, this funding can only cone
fromthe industrialized countries. These funds could be collected
through a tax that is proportional to the contribution of different
countries to the total carbon di oxide em ssions. [How about the
Fei veson Princeton protocol? -- Jose] Such a Carbon Tax woul d be
consistent with the polluter -pays principle accepted | ong ago by the
CECD countries. It is easy to showt hat a tax of one dollar per barrel
of oil equivalent would permt collecting suns as |l arge as $50 billion
per year. To be successful, a Carbon Tax would have to be based on the
self-interest of the advanced countries in avoiding the further
degradation of the atnosphere and stabilizing its conposition at
present |evels.

[ FIGQURE 5a: Pie-chart showi ng the causes of deforestation in the
Amazon -- Jose and FI GURE 5b: Pie-chart showi ng the causes of

def orestation in Karnataka based on follow ng data: Cau ses of
Loss of 203,913 ha Forest Area between 1956 and 1984 --

Power/Irrigation Projects (Direct) -- 29% Cearing to Resettle
peopl e di spl aced by Power/lrrigation Projects -- 13% Agriculture
-- 33% Mning -- 21% Townships and roads -- 1% Oher -- 3%
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