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ORTUNITIES

With the sharp rise in imported energy prices and the resulLLng impact,
particulsa: lj on the balance of payments of the energy~deficit develop¢ng
countries, attention is now focused on the importance of zchieving self-
reliance in energy to the extent it is feosible in technical end econcitic
terms, and on the development and utilization of indigenous energy resources.
Attempts will be made to widen the available energy options and to provide
speedy and effective solutions to the growing energy problems in at least
three directions: (1) expanding the conventional energy resource base;

(2) developing altermative sources of energy:; and (3) making more efficient

and economiczl use of avazilable energy.

Some of the greatest-developmental challenges and opportunities lie in
the expansion of the resource base of both conventionel as well as non~conven-~
tional energy sources, paerticularly in the developing countries. The develop-

ing countries have yet to undertake vigorous programmes of exploration for

underground energy (oil, coal, oil shale, tar sands, uraniua, geothermel energy,

etc.) and of utilization of their vast potentials of renewable sources of
energy (e.g. hydropower, solar, wind and tidal power). Even the use of only
presently available technologies will result in an extraordinary expansion of
their energy resource base., It is esﬁimated that at least 50-~60 developing
countries have either offshore or on-land petroleum potential, 25-30 countries
havevgeothermal potential, an equal number of countries may have oil shale
tar sands potentiel end perhaps a larger number 1s estimated to possess coal
and lignite potential. There are vast hydropower potentials in developing
countries, only a small fraction of which is presently vtilized whilst half

a dozen countries have tidal power potential. Sea thermal power exploits the
temperature differential between surface and deep waters off the coasts of
tropical countries. Solar and wind energy are very widely spread. The wide
spectrun of rich energy resource potentials awaiting development in developing
countries including those of Latin America calls for the development of a
variety of technological and investment resources at the national and inter-

national levels.




II. ROLE OF ENERGY PLAKN

1 DEVELOPMENT

o

Heretofore, the development of the primary energy resources of de

countries has been largely haphazard and unplanned, in the sense that most
Goverrments in these countries have not consciously tried to evaluate their
energy resources, and develop them in o rational manner, consistent with the
needs of the econcomy. In many cases primary energy resources have been develore
by foreign capital for export and any benefits to the host country have been
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somewhat incidental to the primary objectives of the developers.

©
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The recent rise in prices of crude oil on the intermational msrket h
. ¢ 13 . .
reinforced the need for energy planning as an integral part of national
development plans.

-~

The main requirements for energy resources development planning are as foll

1) A knowledge of the extent, nature and quality of indigenous energy
resources.

2) A detailed knowledge of existing dermand for primary and secondary
energy, by type, end--use and sector of the economy.

3) A forecast of the increase in demand for energy, obtained by analysing
the development plan, growth of popdlation and other relevant material.

L) Ahssessment of comparative costs of alternative sources of energy,
domestic’ as well as imported.

'5) Evaluation of investment and foreign exchange requirements of

meeting future energy needs.

Once the basic parameters for an energy plan have been evaluated, a
balance must be struck between indigenous supplies and imports or exports in

the case of countries exporting primary fuels.

It is essential that energy planning be organized on a continuing basis.
Forecasts should be prepared on a short-term, medium~term, and long-term
basis of the order of say two, five, and 15 years respectively, The longer
the span of the forecast, the more likely it is to be erroneous and these
forecasts must, therefore, be revised on an annual or biennial basis, which
in turn implies a nucleus of trained personnel permanently engaged in this

work.

Energy is a fundamental factor in development and yet is the one most

ignored by conventional planning exercises. It is therefore important that

~
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hpart from strenuous efforts to incresse aveilable primary energy resources,
it is imperative that primary energy consumption should be made more efficient,
in order to develop a rational energy economy, and maintain a well balanced
energy supply system at continuously increasing levels.,

Fethods of encrgy conservation and efficient energy usage are of criticel
importance in the short as well as long-run time periods. The present methods i (
of electricity generation have an inherently low efficiency due to technically

‘almost inevitable conversion losses and dissipation of waste heat. Conventional
processes ol oil extraction vield only a fraction, with nearly two-thirds of it
left underground, With the rise in oil prices, secondary and tertiary methods
of recovery will substantially increase the efficiency of oil extraction. In
transportation, the overall efficiency in fuel utilization in the present interral
combustion engine is not more than 15 per cent. It appears that the development
of chemical systems such as Batteries and fuel cells might raise the efficiency
rate by a factor of three. In the industrial sector, technological progress hes
substantially reduced the input requirements of energy particularly in such energy
intensive industries as aluminium, steel, chemicals, cement, etc. The utilization
of energy emitted as a by-product in industrial processes could result in very
significant savings of energy. Considerable technological advances have been mzde
in reducing losses 1in electricity transmission and in oil, natural gas and coal
transportation.

The overall efficlency of energy utilizastion integrates the effects of all
efficiencies in the energy processes of the conversion and transporting chains .

between the demand for nect usable energy and the primary energy spent for that

purpose; i.ec. it represents the ratio between the net energy output and the primary
energy input. The overall efficiency of energy utilization varies between 20-50 Jﬂ
per cent for different countries and probably averages some 30-35 per cent for

the world, :

It is almost impossible in the present changing energy situation to make
acceptable predictions of possible future energy savings. These will be conditicned
not only by progress in technology management and the spirit of co-operation, but 3

e
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United Nations Secretaria T "Conolderatlon of Possible Improvements in the
Conversion and Use of unergy” Sth ¥World Energy Lonference, 1674,
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also by the level at which energy prices finzlly stabilize and the extent to
which energy demand responds to price. However, a rough gssessment, taking into

considerstion the geographiczl distribution, the prospective evolution and
different conservaticn potentials in various developed and developing countries,
would indicate a margin of 10-15 per cent on a short-term basis, 20-~25 per cent in

'

the mediuwn-term (1985) and possibly 35-40 per cent for the year 2000.

Ais far as practical approaches, especially for developing countries, are
concerned, a three phase programme for gradvally improving the efficiency and

economy in energy utilization should be envisaged:

- in the ghort term where energy savings would result as immediate
additional energy made available or corvespondingly would reduce‘costly petroleun
imports, attention should be concentrated on determining and meeting the real
needs of end-energy forms. Practically little new equipment is involved in this
phase in which the accent i1s mainly on managerial and organizational measures,
aimed to limit energy consumption to real needs and avoid all wastage and
profligate consuiption. Accordingly, domestic, commercial and industrisl fuel
and clectricity demand should be scrutinized and needs for transportation

thoroughly reviewed.

~ the medium term approach while antinuing the previous objectives, would
aim 2% installing only new energy equipment with improved performances, exchange
obsolete equipment of low efficiency with better more modern equipment (burners,
boilefs, furnaces, motors and engines) and prepare for the more comprehensive

long~term conservation actions.

- the long term basic approach should encompass an early planned campaign

for improving the overall efficiency and economy of energy utilization by:

a) an early attempt to formulate alternative concepts for the overéll
energy development of developing countries. These concepts should
certainly include a careful evaluation of the real needs for energy
in the different main consuming sectors, on the basis of the desirable
energy~intensiveness of the various processes involved and the available
manpower. The special conditions relating to optimal agricultural
development together with the possibilities of utilizing local
unconventional energy resources are important supplementary factors

affecting the conditions under which energy may be saved.
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iron end steel, chemical and petrochemical, pulp and paper, or s

food and textile industries.

¢c) by meeting electricity and concentrated local hcat demand, with

produced electricity andi stezm {or hot water) from coabined hesxt
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power stations using a centralized distribution system. Practically
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any developing countries have yet to undertale vigorous progranmes
exploration for oll and navural gas. DLwewn with the use of only presently

Torded by the fish-meal factories in the south
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technologies, it is estimated thst about fifty to sixty developing countries have

impressive offshore or on-land petrolews potential (ultimate recovereble resouvrces

of petroleun). For example, there are at least seven countries with a range of

potential petroleum rescurces falling between 100 billion barrels to 2 tr
arrels. These may be called the potential glant oil producers. WNinetee
develoning countries have very large peltroleun potentials ranging from 10

to 100 billion barrels. It is estimated that 31 developing countries may

illion
n
¥
billion
1

nave

substential potentiel resources in the raenge of one billion to ten billion barrels

In addition, there are 15 countries with comparatively modest petroleum r
ranging from 100 million to one billion barrels. There are a number of o

developing countries which have small to smaller size petroleum resources

esolreces

ther

potential.* Till now only a small fraction of these have been developed zand

herein lies the future opportunities which these countries would w13h to exoloit,

particularly in view of the sharp rise in the price of imported oil.

% Summary of Petroleun end Mineral Statistics for 120 countries (U.S. Geological
Pa per \).]_7)




b
o)
=
@
e
et
=1
o

eveloping countries consist of sedimentary tasins

s

for oil and gas exploration, For ex

)

discoveries in the Ams

regs of Colombia, Bcuador and: Pe

1
similsr potentiels on the Brazilian side as well., In some instanc
of reguisite surveys, cxplorstion has not led to any significant

hydrocarbons. This does not, hewever, exclude the possibility of

petroleun and gos deposits il drilling were to be underteken at dep

the 10,000 to 14,000 foot range:; in

increases in costs of deeper drilling have heen offset by sizesble discoveries of

h
experience has shown that the incrementzl

)

act

.

petrolewn in areas where success had not been encountered at shallower depths.

.
Because of the high costs involved, it may be worthwhile to examine the prosrects
for JOlnt surveying and cexploration of certzin sedimentary areas common to a

region, in scirch of oil «nd gas. Such prospects exist with respect to both
on-Jland and offshore areas in Latin America as well as Central end South Lhastern

part« of asia.

There are & nusber of developing countries, apart from the well-known preducers

and exporters or oil (e.g. Venezuela) which have either limited oil production,

ety

insufficient for their own needs, or indications of the possible existence ol coil.

L

They may be expected to intensify the search for oil in their territories. imong

these may be cited drgentine, Chile, Coste Rica, Peru and Urvguay in addition o

Boliviz, Colombia, Lcuador and lexico.

hn oil excloration prograrme hes been carried out off the coast of
Central Chile in the area of the Aranco Peninsula by the Chilean state oil
company FEmpresaz Nacional de Petroleos, with assistance from the United Lztions.
First, an eirborne magnetometer survey wes made in 1970 over the continental
shelf, using a modern high sensitivity magnetometer with digital recording.
This established the existence of a sedimentary basin and was followed in 1671
by a reflecticn seismic survey which indicated the presence of a number of
fevourable geological structures. Drilling was carried out in 1972 and resulted
in the discovery of accumulation of natural gas. Despite the fact that no
exploitable accumuletion was discovered in the first drilling programme, the

results were sufficlently encouraging to justify further exploration.
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To give some ides of the scale of costs involved in the t

]

nie described above, the approximate overzll costs of the various st

progrn
were as follows:
Lirborne magnetometer survey US $170,000

(10,000 line kilometers)

larine seismic survey US £800,000
(4,600 line kilometers)

Drilling (6 wells varying in depth Us $ 10,000,000 - 4
from 750 meters to 3,000 meters in
weter-depths 60~100 metres)

Production facilities (estimated) Us $ 70,000,000
¢

The above figures relate to past werk, znd subsequent inflation would substantislly

increase the sums reguired to carry out the same work at the present time.

Izploration and capital expenditures for discovering and developing cepescity
for the the production of & barrel of oil very from one country to another and
from one location to zanother in the same country. During the proceedings of
the United Nations Ad Hoc Panel. of Experts on Projections of Demand and Supply of

N =

Plaas s b r s 3 1 3 X 1 3 L. h o oTw7 P 3 et T
Crude Potroleun asnd Products (lew York, 9-1% Harch 1971), one specialist Irom

de
an intcrnationally integrated oil compeny submitted data which indicated that
exploration and development expenditures for a barrel of oll per day capacity
varied between $156 and S$830.3% Simllarly a recent discovery of cil offshore

in a developing country has cost $25 million in exploration and will cost another
$25 million for developgment for a production of 25,000 barrels per day by 1975.
This would indicate exploration and development expenditure of §2,000 per berrel .
per day capacity. Investment costs of over $3,000 have been reported in the =

North Sea, where offshore conditions are zmong the most difficult in the world. =«.

*United Nations, Petroleum in the 1970s, New York, 1974, p. 32
Sales No. E.74.J1.A,1
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The following table gives the order of nagnitude of investment and
production costs (including exploration and lifting) for some of the oil-bearing
regions of the world.

APPROXIY COSTS OF PRCDUCING CRUDE OIL OR ITS
ENBRGY EGUIVALERNT
1972-1973
s Baries Capital Cost Production Cost
=EETES (3/(bbl/dzay) ($/01)
Persian Gulf 100~300 0.10-0.20
Figeria 60050 0.40=0.60
Venezuela,” Far East, Australia 700~1.,000 0.40-0.60
Vorth Sea, most other Hurope 2,500-4,000 0.,60-2,00
Larze deep-sea reservoirs over 3,0007 2.00~ ?
Vew U.S. reservoirs. 000=1., 000 1.70-2.50
s Hos )
{not too reuocte)

in Colombia.

gas has been extensively utilized in irgentins
t

The pipeline

o

&

network of Gas del Istado in

nd Venezuels, and

L v

hrgentina

from as far ¢

ated gas i

the lergest in Latin America, bringing gas to Buenos ilres

Patagonie and Bolivia. At present, a2 considerable amount of associ

still wested by flaring although less than in the pzst and in view of the velue of

this resource it is recommended that Governments should take active steps to

encourage conservation or utilization of the gas. In this respect Argenting,

Chile end Venezuels have all taken positive steps to avoid such waste, elther

by compressing the gas and transporting it by pipeline to the nearest market,

or by reinjecting it into underground reservoirs.

7 Ixxcluding heavy oils.,

% Lmory B. Lovins: "World Inergy Strutegies”, Bulletin of Atomic
QC"I‘EI“'L“ uo, “,3 19 7[4,
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coal bearing areas in the world are proLiLWf glready knswn,

The majorit

but one cannot discount the possibility that further prloration in develcy

"v.

countries may discover hidden coalfields. It is also true that exploration of

niany known coal-bearing areas is far from complete, and therefore sdditional

reserves may be discovered as a result of intensified exploretion.
Cuoted figures of reserves of cosl in any given area tend to fall int “ 9
i . “ .
o main categories, nemely; geological estimates of botul coal in place. and
: R
stimetes of the minesble reserves which can be recovered at o given. price
level., Both may varly with time; the former as a result of further geolog A

. .

&
work, which may have the effect of incressing.or decreasing esrlier figures

se: the second will vary in accordance

as a result of more deteiled knowledg
with fluctuations i 1¢ price of possible zlternative fuels, and also possitly
to some ext - result of chenging technology. Since cozl mining is letour

intensive, ates of pay for labour will also affect the éstimate

of recoverable reserves. A4s an example of the forc Oluﬂ the recent sudden

Coid
increase in the price of fuel oil, which is the principal fuei competing with
cozl, has rendered viable many coal-mining operations which were formerly
regarded as uneconomic. This will have a marked effect on estimates of
recoverable coal reserves in meny areas.

~Cost levels are highly variable and only orders of magnitude can be given.

:

For example, the geolcgical investigation and estsblishment of reserves for N
a medium-sized mine producing 1,000 to 2,000 tons/day mey cost around $1,000,000, '
the feasibility study $100,000, and opening and eguipping the mine some $5 to
$10 million . It must again be emphasized that these figures represent only
orders of magnitude, and take no account of inflationary increases of cost witlh
the pessage of time. Scme allowance for envirommental factors must slso be mace
in view of the present worldwide concern. OStrip or open-cast mining of cozl,

in particulzsr, requires quite expensive remedial action 1f the land-surface is

to be restored to anything resembling its rrevious form and productivity.

Developing countries which are known to have substantial reserves of cozl
include the followving: Botswana, Brazil, Colombia, India, Indonesia, liadagascer,

She 7

Nigeria, Peru, Swaziland and Zembia. any others are known to possess mincr




gnificant contribution to their

The exploitation of existing coal deposits even if some of them are not
of very high calorific value, together with the introduction of modern mining
methods, should be considered as among the main targets during the periocd
1975-1C5L for ensuring the independence of those of the Latin American countries
which depend heavily on imports for meeting thelr electricity needs. An ilncrease

in the utilization of local coal is possible not only in Colombla, but also in

Lrgentina, Chile and Peru, as well as in Brezil and Mexico.

Generally speaking, little is known about the coalfields cof Letin fmerica

and what 1s known about coal reserves can hardly be swmmarized. Accorc

data perteining to coal reserves in some major countries in Latin imerica, nrore

1

least an order of meagnitude of 100,000 Twh of electric energy.

than 40,000 millions tons of cecal exist in probable and proven reserves, equivalent
1

3. 0il Shele

0il shale, despite its name, does not contain free oil, It is an
argillaceous, somebimes calcareous, sedimczntary rock containing varying propor-
tions of organic matter in the form of kerogen, which brezks down on heating to
give a substance resembling crude oil. The kerogen organic content of oil

-3 1
richo

o

sheles can vary from near zero up to around 20 per cent by weight fox

shale. In addition to. being a potential source of oil, cil shale may

w

lso Te
stea

1ef°Vdcd as a low-grade mineral fuel vhich can be burned directly for

(‘,

raising in a suitably constructed furnace. The totzl known reserve of oil in

oil shales is very large, but until recently it has not been economic to extract

.

T in the face of low prices for conventional crude oil but recent increases in

oil prices have changed this situztion. In fact, the only large-scale exvlolteticnh

at present, as far as is known, 1is in the Istonian Republic of the USSRE.
Formerly, oil sheales were ecxploited in France, Germany, Nova Scotia, Scotland
and Sweden, among other places. Pilot plants are reported from Brazil end the
western United States. Thé technology of the extraction of oil from oil shale

is therefore well known, but until recently the economics were unattractive.

The problems connected with the exploitation of oil shale are concerned

with mining thc shale, retorting it to extract the oil, disposing of the spent

shale, and transporting the oil to market. BEecause of its low organic content,

"0il shales must be processed and the oil extracted at the nmine if excessive
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st b before transport. There are also problems involved
{1 7

crushing and retorting the shale, All ctors add to the cost of producing

ion at the

o 0 =
Irom si

T -y B o~y
10T the reasons WOy eXD

not on a larg

It is difficult to say exactly how much oil .
The geological exnloration and sampling phase is slow, but not pa cost]
However, by the time & mine has been put ucted, pro-

cessing plant erected, and 2 pipeline laic

<

peration }

2.

of $50 million for a wmediuvm sized

3

day. Lven an onzration on this scale would imply mining some £,000 to 10,000

O

~esponding guantity of shale

tens per day of shale and the disposal of a
Developing countries known to have 1&rﬁc oil shale reserves are Erazil,
Thailand and Zaire. lleny other developing countries are known to have smzller

reserves which have never been fully eveluated.

BN
sttty

These are sands impregnated with a heavy viscous oil which may constitute

= b

up o 15 per cent by welighl oi the sands. Such sands are xXnown o e

distributed in the world, occurring in albania, Canada, Colombia, Leuador, Chenz,
Ivory Coast, Malegasy, Nigeria, Peru, Trinidad, USA, and Zzire. At present
only one large plent is extracting oil from such sands, at Athabasca in western

N
vl

da., The sand is mined in an open pit and the oil extracted by washin

On
C
>

hot woter, At normzl temperatures the oil 1s too viscous to flow and so the

extrection plant incorporates a vefinery with cracking and hydrogenating e
.-
fecilities. R&lsewhere in western Cenada, experiments are going on to find a
LN

method of extracting oil from the sands where these are too deeply buried
permit mining the sand. Host of the techniques involve heating the oil by

injecting steam into the sand, or by setting fire to it, through wells drilled

into it. The oll is subsequently produced from the injection wells.

Costs of the plant in Csnada have been adversely affected by the remote
location and the very severe climatic conditions, but it is estimated that
production costs were around $5-$6 per barrel of synthetic crude oil produced.

The product is of high quality, very low in sulphur. Comparable costs could be

achieved, even in developing countries, because with the higher ambient
costs would be lower. It ig also possible that exploitation could commence vwiaih
a relatively simple and unsophisticated plant, provided that some means of trens-

porting the product to market were available.
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el V. HYDRO-POWER AND NON-CONVENTIONAL SOURCES - - - i

1. Hydro-power

Some of the greatest opportunities for developing countries lie in the
éxploitation of their vast hydro power potential. It is estimateﬁ that less
than five per cent of the existing hydro power potential has been actually
exploited in these countries. Some of the largest unexploited hydro power
sites in the world are located in the Mekong-Salween, Brahmaputra and other
Himalayan Rivers in Asia, the Congo and other rivers in Africa and in the '
Amazonas and La Plata basins in Latin America. The compafatiﬁély large size
of many of these sites and the heavy investments required by way of dams and
generating facilities, in relation to the size of local markets have impeded
development of such resources. In the future, however, yith the growth in
electricity demand which is doubling every seven years and with increased
regional co-operation in the development of energy resources, it is quite
likely that the pace of hydro electric exploitation will accelerate. Even
with a substantial increase in local electricity.demand, the countries hav-

ing such potential will only be able to absorb a very limited fraction of

- these resources for their domestic use. There is here substantial scope for

increased inter-country, regional and interregional co-operation requiring the
linkage of investment fund, technical assistance and connexions with power

markets.

It is clear from the outset that the volume of the Latin American

hydro electric potential is tremendous in view of the hydro-meteorological

- and, particularly, the topographical features of the whole region. The gross

surface potential from precipitation, although of a wholly theoretical value,
amounts to a fegional total of 40,700 Twh per annum, corresponding to a mean
of 2 Gwh per square kilometre and an allocation of 138 Mwh per person. The
economic potential would be considerably less than this theoretical figure
and under certain assumptions this potential has been estimated at 2,800 Twh.
By dividing this figure by 8,760 hrs., it is apparent that the mean power
potential would be 319 GW.
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- Qut of the total mean power potential of 319 GW, the comparable installed

-eepabity at the end of 1972 (calculated with a utilization factor of 0.5) was

only 10.7 GW, corresponding to a utilization of only 3.35 per cent of the
potential. /

According to published plans, the generating capacity of the new hydro-

electric plans which have been approved or were in an advanced stage of i /
consideration in Latin America, totalled roughly 30 GW in 1973. (In a few ~
cases these projects will not be completed before 1984). The recent increase J

in the price of fuel oil w1ll lead to a reassessment of meny potential hydro-
electrlc projects which have hltherto been regarded as uneconomic. In these
circumstences it is anticipated that there will be a considerable upsurge in

the construction of new hydro-electric schemes.

2. Nuclear Energy

One of the most important non-conventional sources of energy which has
started to play an increasing role in the production of electricity is nuclear

fission. If it could be consumed in its enti;ety, a eingle kilogramme of

- fissionable material could produce as much energy as the equivalent of 2,000
‘tons of petroleum (8 Gwh).

Even with current techniques, utilizing but one-hundredth of the potential
energy, the fuel transport costs become relatively insignificant, despite the

elaborate precautions involved in handling nuclear material. Hence unlike ' ',

‘hydro electric plants which can only be built in certain places, nuclear .

plants can be located closer to the centres of consumption, subject ye:factors. v.

affecting public safety. ' ‘ e,

Experience has shown that certain conditions must be fulfilled before
nuclear electric power can be produced at competitive prices. Above all, the
powar station must be of a large size. The cost of installing nuclear power
capacity decreases faster in relation to the size of the nuclear plants than
for conventional thermoelectric plants. The investment cost per kw installed
in nuclear power plants equipped with reactors using enriched uranium drops
by more than half as capacity is increased from 50 to 300 MWe and by two-thirds p
when it approached 1,000 MWe. In the case of reactors using natural uranium,

the economy of scale is even greater.




T .

TR Hitherto, it has been necessary to design nuclear power plant in large
sizes in order to reap the benefits of the resulting economies of scale which
would make them economically competitive. However, the recent quadrupling of

the price of o0il has meant that nuclear power stations can be economically

competitive with oil-fired alternatives at smaller sizes where such units
r are commercially available. However, it should be borne in mind that from an
- operational point of view the largest size of generating unit which can be
. accommodated on an interconnedted electricity system is a function of the:

system size. Since the unit size must not form too large a proportion of the
total interconnected system capacity, nuclear power units which can still
not be produced economically in very small sizes are not applicable to the

small electricity'networks found in most developing countries.

Although considerable experienée exists in developed countries on the
operation of nuclear power stations, there have been problems associated
with delays in construction and there is still in some countries no general

agreement on the question of plant operational safety.

In addition, as nuclear power plants need greater unit investment than
conventional thermoelectric plants, they must operate at a high load factor

in order to compete with other sources of electricity generation.

Finally, the possibility of installing nuclear power plants becomes
attractive when local energy resources are small or non-existent and, in
. “such cases, only when the demand for electric energy is sufficiently large

v and cannot be economically supplied from other sources.

3. Geothermal Energy*

Geothermal energy'is the natural heat of the earth, usually extracted in
the form of hot water or steam. Geothermal activity is widely distributed in
the volcanic areas of the world, notably the Andean mountain chain, the African
Rift system, and thq island chains in the Pacific. The hyperthermal manifestations

of the volcanic zones are increasingly being investigated as a source of electrical

* "Geothermal Energy and Its Uses'", a paper by UN Secretarlat to the Nlnth
World Energy Conference, Detroit, 197hL
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.power and process heat. The pioneér.countries in the application of
___._____geothermal heat were Italy, Iceland, New.Zealand,. and the USA.  Subsequently, — .
investigations have been undertaken in Chile, El1 Salvador, Kenya, Mexico,

Nicaragua, Philippines and Turkey, most of these with the actiVe:assistance'

of the United Nations. The physical manifestations which may indicate the
presence of industrially exploitable geothermal resources are steam fumaroles,
boiling springs or mud pools and steaming ground. . 1

The preliminary exploration consists of geological and geochemical

reconnaissance, followed by geophysical investigations, usually in the form of o

e i e i hrnn

electrical resistivity surveys. ElectriaéiuiesistivitinEﬂéméiiéguﬁéy have
to be checked by drilling.éhallow wells to measure the femperatﬁre gradient
before choosing the sites for exploratory wells. These latter are drilled
with modified oilfield rotary equipment to depths of three to four thousand
feet, although economic production is frequently found at shallower depths.
Reservoir temperatures in excess of 200° Celsius are normal, and the wells
mey flow naturally at very high rates. The wells usually produce a mixture
of saturated steam and boiling water, although in exceptional cases such as
at Lardefello in Italy and the Geysers in USA they may produce dry steam. _The
productivity of a well is often as much as 300 to 400 tons of fluid per hour
of which 10 per cent to 15 per cent may be steam, at a wellhead pressure of

around 100 psig. -

Geothermal energy may be used for electricity genération or as process
heat in any industry requiring large quantities of low-grade heat. Examples
are pulp and paper making and food processing. The principal advantage of
geothermal heat over more conventional sources is its extreme cheapness oﬁce;
the exploratory costs have been amortized. This advantage will be accentuated
by the recent steep rise in the price of conventional fuels. Among the .
negative aspects of geothermal energy are the corrosive properties of geothermal

brines and problems of waste brine disposal.

Almost all the countries in Latin America have progbects for geothermal
resources and there are several known sites which are especially suitable for

the establishment of power plants using geothermal energy.
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Besides power stations existing in Mexico, other sites in North and
. Central Latin America (Costa Rica, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama) have a geothermal potential for electricity production as
well as countries of the Western Seaboard and the Andean Cordillera (Argentina,

Bolivia, Chile, Colombia, Ecuador, Peru, Venezuela) and scme Caribbean islands.

Following a successful United Nations-assisted geothermal exploration
project in E1 Salvador, the government is building a geothermal power station
~of 30 MW capacity. It is hoped to ‘install a further 60 MW of geothermal power
plant by 1977 end thereby obviate the need for.the one million barrels of oil

which are at present imported annually for electricity generatipn.-

b, Solar, Tidal and Wind Energy

Solar energy is at present being utilized in many small installations
_mostly in éhe sunnier parts of the world for domestic water heating, domestic
-space heatiﬁg and production of fresh water.from brackish and saline water.
In favourable climates, both domestic hot water systems and solar stills for
fresh water have proven successful, technically and in some instances
economically. New and innovative approaches for generating electrical energy

from solar heat and.storage of such electricity are in the process of development.

Tidal energy, where electricity is generated by making use of tidal
differences in water levels, could eventually find some applications in Latin

.America. Suitable sites exist in Argentina and Brazil.

The use of wind energy is widespread in different countries of the world
for small-scale electricity generation and for direct pumping from wells.
Wind energy may be harnessed, on a small scale, in several places in Latin
American countries where wind conditions are favourable, especially in rural
areas for its localized use. Before any developmeént of this type is under-
taken, areas with suitable wind conditions must be located and detailed

metebrological data compiled (wind speeds, duration, etc.)
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Vi. NON-COMMERCIAL FUELS AND RURAL ENERGY ECONOMY

In many developing countries a significant amount of energy is provided
by the utilization of non-commercial fuels which do not normally‘enter the
local energy markets. Of these fuels the two most important are wood and
dried animal dung, whilst waste vegetable matter is also used and is illustrated
by the utilization of bagasse which can be found in areas growing sugar cane. i
The efficiency of utilization of these:fuels is often extremely low as when
wood and dung are burnt in open fireplaces. In addition, their useis .. __
fréquently -accompanied by undesirable side effects such. as lossiéf valuable
menure where dung is burnt and defofestation accompanied by soil erosion where

wood is used. Fumes and smoke which result from the poor combustion conditions

‘may also give rise to health and fire problems.

Considerable thought is being given to the possibility of supplying the
energy needs of rural communities from indigenous renewable energy sources.
This concept involves the application of known and well-tried technologies

to conditions in the rural environment. Such an integrated rural energy

‘ economy would utilize solar energy for providing hot water, wind power for

pumping water and possibly producing electricity. Animal dung, previously

burnt as fuel, would be digested in anaerobic. fermentation plants to produce
methane gas for cooking, heating and lighting. The resulting sludge from the
digester plant would form a valuable organic fertilizer for agricultural !

purposes and thus reduce the need to import chemical fertilizers. .

The philosophy of supplying rural energy needs from local energy sources -
is relevant to all developing countries in the present conditions of high
energy costs and any effort and money spent on developing suitable systems

could be easily justified.

VII. COMPARATIVE COSTS OF ALTERNATIVE ENERGY SOURCES AND TECHNOLOGIES

The foregoing brief sassessment indicates that in the present conditions
of high oil prices, planning in the'energy field is of paramount importance 7

to developing countries. Particular attention needs to be paid to the
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possibilities for the development of indigenous energy resources and the degree
td which these may be substituted for expensive imported oil. Any éénsidératiba
of the developmént of domestic energy resources would involve the mégnitude
of reserves, exploitation costs (both capital and operational), plant.lead
times and the availability of substitute sources of energy at various price

levels.

'In regard to the magnitudes of mineral fuel resources, it must be emphasized

that the concept of reserves, as commonly used, is geared to a given price
level and therefore with the sharp rise in oil prices, estimates of these
réserves -are likely to be refisedJSubstantially upward, since what were
considered as marginal or sub-marginal deposits now become quite economic

to exploit under the new price regime obtaining since early 197Th.

It is also important to recognize the time scale involved in the develop-~
ment of energy resources; for example, the time required to explore and
develop. 0il production may be as long as ten years from the commencement of
an exploration programme, particularly if offshore operations are involved,
and in any event is unlikely to be less than five years. The exploration and
development of a geothermal field also takes around five years. To open a new
coal mine may take two to four years depending on the availability of geological
information, the accessibility of the deposit and the existence or otherwise of
a trained work-force. In regard to nuclear power stations, it may take as long

as 8 to 10 years to have it planned, constructed and functioning satisfactorily.

Although the figures given in Table 2 do not refer to conditions in Latin
America they provide an indication of comparative costs which were applicable

to the United States at the end of 1972. It will be seen from these figures

that the average cost of generating electricity from geothermal energy was
approximatély U.S. 9 mills/Kwh compared with an oil-fired alternative of
U.S. 13.2 mills/Kwh.

Table 3 lists the various new energy technologies which are under active

development as sources of oil production. The estimated timing of demonstration
plants for the various processes together with the projected U.S. production in
1985 give an indication of the significance which each of these may attain in.

meeting oil needs. The cost of oil derived from these alternatives is estimated
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to range from U.S. $5 to $10 per barrel and thus appears competitive with

the present cost of imported oil. .

Generally speaking, increased 0il import costs are likely to accelerate
the pace of exploration for indigenous energy resources in the developing
importing countries. Where oil prospects may seem unpromising, efforts will
be made to develop alternate sources such as nuclear, geothermal or coal. Y
New investments are likely to be made in alternate sources of energy. -4
These new in#estments will, of course, compete with other investments and p
decision-makers will have difficult choices to make. Furthermore, the
development of alternate energy 'sources is a 1oﬂg-term'p;océss (usually
taking from 5 to 10 years). It is within this context (time-scale);
alternate investment costs) that the energy problems of the developing

f'countries, including Latin American countries, must be seen.
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COMPARATIVE COST OF ALTERNATIVE ELECTRIC POWER GENERATION METHODS _
Alternative Electric Power Generating Fuels in the United States

-

Geothermal Steam Natural

Ttem ' Coall/ Purchased2/ Owned—/ Gas h/ _Nﬁclearélv* QEEE/
Without Cooling Towers ' : : ' ’
Plant Investment ($/Kw) $213 $180  $260 - $145 $345 $145
Plant Factor (%) 6/ 60% T5% 5% 60% 8% - o/ S
Capacity Cost (mills/Kwh) - 6.7 i 4.9 7.0 4.5 9.6 4.6
Fuel Cost (mills/Kwh) 2.8 2.4 - 3.8 2.6 7.9
Operation and Maintenance :
(mills/Kwh) 6/ 0.9 1.0 1.5 0.7 1.7 .. 0.7
Variable Cost (mills/Kwh) Sl 3.5 1.5 L5 13 - B®
Total Cost (mills/Kwh) 10.4 8.3 8.5 9.0 13.9 . 13.2
Water Disposal (mills/Kwh) - 0.5 0.5 - - - e
Total Cost (mills/Kwh) 10.4 8.8 9.0 9.0 13.9 S 13.2
With Cooling Towers _ ? ]
Wet Cooling ‘ b A
Plant Investment ($/Kw) $e22 ~ $15k B 53] . $15k4
Capacity Cost (mills/Kwh) | 7.0 . 4.8 9.9 k.9
Total Cost (mills/Kwh) 167 , ‘ . o 9.3 ~  1k2 T 8.6
Dry Cooling S , B | S -
Plant Investment o - feu . . 8113 $375 $173
Capacity Cost (mills/Kw) 7.6 : ‘ . 5.3 o 10.5 5.5
Total Cost (mills/Kwh) 11.3 o : - 9.8 - 4.3 BERLY!

1/ Plant investment without water cooling derived as an average of base load plant costs for Colorado Public Service Co.
escalated at 5% annually from 1966-T2. Fuel cost based on price paid by CPS in' 1972 for coal containing l% S or less,
heat rate of 10,417 Btu/Kwh computed as a weighted average for CPS base load plants.

g/ Based on PG&E experience at the Geysers adjusted to 1972 as required.

2/ Based on data from the U.N. Informal Seminar on Geothermal Energy, January 1973. ' 1 e
h/ Plant investment without water cooling derived as an average offbase load plant costs for Pacific Gas and Electric escalated .
at 5% annually from 1966-T2. Fuel cost based on price paid by PG&E in 1972 for natural gas and for No. 6 residual oil

containing 0.5% S or less; heat rate of 9,952 Btu/Kwh computed as a weighted average for PG&E base load plants.
5/ Plant investment without water cooling derived as an average of nuclear plant costs for Sputhern California Edison and
PGYE escalated at 5% from 1968-72. Fuel cost based on average cost for those plants, does not include that part of fuel.
cost paid by AEC as a research expense.
6/ Weighted average for base load plants except geothermal.
Source: Alvin Kaufman of Publlc Service Commission of New York State, Personal Communlcatlon (December 1973). - %

i
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' =~ , ALTERNATIVE METHODS OF OIL PRODUCTION g 6

Year of Lead Investment Estimated Cost Projected US- Present

Proven time $/o0l/day at source ($bbl) production by sthtus of

operation 1/ -(years) capacity equivalent 2/ 1985 (mill.bbl) 3/ technology
TECHNOLOGIES
Aagro-Waste Utilizationéj | 1976 3 i 5/ 86 Pilot plant
Improved Drilling'éj 1978 5 5.0 ' 517 Early development
Enhanced Recovery of 0i1%/ 1979 6 5.0 430 Various stages
0il Shale ~ Surface Processing 1979 6 5000 5.0 258 Pilot piant
Improved Auto to Reduce Fuel | |

Consumption 1979 6 , (103h)ll/ . Various staeges

Heavy 0il and Tar Recovery 1980 7 hOOOI/ , 5.0 . 3Lk - Early develomment
Methyl Fuel from Coal—Surfaceéj ' 1981 8 _ : » 108 ¢ | 258 , Concept ;
Methyl Fuel from Coal-in situ 1982 9 6000—80002/ 8.1 - - 258 - . Concept T
Coal Liquefaction 1982 -9 . 8.6l9/ 154 . Small pilot plant
0il Shale - in situ/Mining =~ 1983 10 5.0 258 Pilot scale
0il Shale - in situ/Nuclear - 1983 00 . s 258 - Concept

SburcEE: 0il and Gas Journal, 17 September 1973.
Geothermal Energy, January 19Th.
US Energy Outlook {National Petroleum Council).

1/ Froven operation is assumed to be approximately one year 6/ These entries refer to additional fuel quantities which
&fter completion of plant construction. . would result from Research and Development funded by
the Government.

S Homers 1o ataitionss suppiics of enersy spove those fron 1/ Investment costs to produce synthetic crude from Athabasca
= i : T | VaTent Thermal SRt ?ar sands through }n.s%tu or mmnlgg methods,_exclus1ve.of
cuzrent me?hodsz.ln i e§u1f a put, infrastructure facilities. Operating costs will vary widely
‘?2crZZéggziggser:?oia:;?EZEEE:ie: egergy due to (National Petroleum Council, US Energy Outlook, Vol. II,
L/ No credit is included for waste disposal. ‘ 8/ %n?erloi repgr;,fp,ll§2). a b 10¢/106 BTU 1
37 Cost is set by competing technology. = rice ? methy i essimeRiioaRe €8s
= v than hi BTU gas.
9/ Source as in T/ 6

10/ US Eastern coal at $8.10-11/ton = 32-Ll¢ /10  BTU.
11/ Energy savings.



