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Introduction

Lain Americaand the Caribbeen, from México to
Argentinato the idands of Sabaand Statia south to Saint
Vincent, have goproximatdy 50,770 MWe of geothermd
power generation potentid (see table on pages 3 and 4).
Currently, however, for many reasons, only 1,169 MWe, a
mere 2% of the region’s enormous geothermd resources
has been developed.

TheDatabase of Geothermal Resourcesin Latin
America and the Caribbean detals geothermd resources
suitable for power generdtion in the countries of Centra
America, the Caribbean, and South America. Thisreport is
atwo-dimensond representetion of athree-dimensond
Database.

The Database indudes information on 152 Soecific
geothermd Sites, representing at leest 5,000 MWein
potentia (potentid isnot known for al Stes).  Information
isnot induded for those countries and Steswhich do not
have high-enthapy resources suitable for power generation
(defined here astemperatures over 100EC). Daathusis
not induded for the numerous Stes acrass the region which
are sitable for direct use gpplications.

The Datebase indudes

. Power Prdfile - badic information on the country,

eg., population, indtaled capadity, power generation
breskdown, eectricity prices, €c.;

. Power Summary - brief description of the county’s
power sector and privatization;

. Government / Legiddtion - rdevant government
agendesand laws, and

. Geotherma Stes/ Projedts - indudes a Ste
Summary for eech:

Name

Locetion

Saus

Ingdled Capecity (MWe)
Potentid (MWe)
Temperaure (EC)
Chronology

Notes

N~ WNE

Genad daacontained in the Database comes from severd
sourcesinduding the CIA World Factbook 1998, the
Economic Commisson for Lain Ameaicaand the

Geothermal Resources in Latin America & the Caribbean



Caribbean (ECLAC) of the United Nations', and La For immediate dissemination to the indudtry, the Database
Organizacion Latinoamericana de Energia(OLADE)'s has been converted to a PDF file for posting on the WWW
Sgtema de Informeacidn Econdmica-Energética (S EE®). (gteto be determined).?

Site- or project-specific data comes from publicaly
avallable sources which are liged in the Bibliogrgphy.

Dynamic Database

The Database was designed to be dynamic rather then Stic.
Created usng Microsoft® Access 97, it can be easly
updated or modified to indude pecific datawhich the
industry would find most useful. In addition, the Database
can be made more comprehendve by adding pertinent data,
eg., locd population and market deta, location of
tranamisson lines and roads, etc., usng the Geographic
Information Sysem (GIS) to the presant sructure. FHindly,
the Database can be adapted for the World Wide Web and
searched usng avarigy of variadles such as country,
desired temperature of resource, esimated power potentid,

and other parameters.
2 PDF files can be read and printed using the free
Adobe® Acrobat® Reader which can be
! La Comision Econdmica para América Latina downloaded at http://www.adobe.com/prodindex/
(CEPAL) acrobat/readstep.html).
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GEOTHERMAL POTENTIAL IN CENTRAL AMERICA, THE CARIBBEAN,
AND SOUTH AMERICA?

Geothermal Installed Geothermal Potential Number of
Capacity (MWe) (MWe) Sites
Argentina 0.67 2,010 4
Bdivia 0 2,490 10
Chile 0 2,350 13
Colombia 0 2,210 5
CogaRica 152.5 2,900 15
Dominica 0 1,390 5
Ecuador 0 1,700 5
Bl Sdvedor 160 2,210 7
Grenada 0 1,110 8
Guaddoupe 45 3,500 1
Guatemda 29 3,320 16
Honduras 0 990 7

Data on estimated geothermal potentia electrical capacity in megawatts (MWe), with the exception of Jamaica, comes from the
Preliminary Report: Geothermal Energy, The Potential for Clean Power from the Earth, Geotherma Energy Association,
April 1999. The figure used is an estimate of annua eectricity production using the Enhanced Technology High estimate. Data
on Jamaicais from Vimmerstedt, 1998.
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Geothermal Installed Geothermal Potential Number of
Capacity (MWe) (MWe) Sites
Jamaica 0 100 0
Martinique 0 3,500 0
México 751.88 6,510 20
Montsarrat 0 40 1
Netherlands Antilles 0 3,000 0
Nicaragua 70 3,340 13
Panama 0 450 2
Pert 0 2,990 12
Sant Kitts& Nevis 0 1,280 3
Sant Luda 0 680 1
Saint Vincent & the Grenadines 0 890 1
Venezuda 0 910 3
TOTALS 1,168.55 50,770 152
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E Costa Rica

Population (millions) - July 1998 3.6
Overdl Electrification (% of population) 93%
GDP (billion US$) - 1997 est. $19.6
Real GDP Growth Rate - 1997 e<t. 3.0%
Inflation Rate (CPI) - 1997 11.2%
Tota Installed Capacity (MWe) - 1997 1370
Electricity Consumption per Capita (kWh) - 1997 1267
Energy Demand Growth Rate 4.0%
Prices (US¢/kWh) - June 1998

Residential 5.04

Commercial 8.97

Industrial 7.47
Estimated Geothermal Potential (MWe) 2,900

Power Summary

CodaRica stotd inddled capacity as of December 1997
was 1,370 MWe of which Indituto Costarricense de
Electriddad (ICE), the public utility company, owned 88%.
Theremaning 12% is owned by four cooperdtives, two
municipa companies, over 20 private generdtors, and the
Coda Rican Peroleum Refinery. Themgority of the
energy sector remains under date contral.

Codta Rica has vast hydropower resources (9,155 MWe) of
which only 8% (754 MWe) are currently being utilized.

The country produces gpproximately two-thirds of the
power it consumes and imports the remainder, modly crude
oil and petroleum products (Lawrence, 1998).

Hydrodectric power dominates the country’ s power
production accounting for over 90% of Coda Rica stotd
power. Thermd energy production ries on fossl fud
imports. Geothermd power produced & Miravdles
upplies about 11% of Coda Rica s dectrica demand.

The market for power in CodaRicapesked in 1993 asa
result of the condruction of the Sandilld, Toro, and
Miravdlesprojects The market decreased in 1994 partly
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because of the Government of Codta Ricd s (GOCR) fiscdl
problems The GOCR frozedmod evary large
infrastructure project in 1996 in order to cut public
spending as required by the World Bank, Internationa
Mongtary Fund (IMF), and IDB.

CodaRicaneeds a leest an additiond 4,211 MWe by
2016, exduding current capacity scheduled for retirement.
Of thisamount, 137.5 MWewill come from geothermd
sources, Yoecificdly Miravdles 1l (55 MWe), Miravales
Il (27.5 MWe), and Tenorio (55 MWe).

Mgor future prgjectsindude the 177 MWe Angodura
hydrod ectric project expected onlinein 2000, Airis- 128
MWe - 2003, Los Llanos - 85 MWe - 2007, Pacuare - 156
MWe - 2008, and Boruca- 1500 MWe - 2010.
Government / L egislation

|ngtituto Cogtarricense de Electricided (1CE)

Origindly, ICE, the public dectric utility which was crested
in 1949, was respongble for exploring and deveoping the
country’ s gecthermd resources. This changed in 1990 with

the passage of Law 7200, the Independent Power
Gengaion Act.

Theinvestigation and devd opment of geothermd fidds
fdlsexdusvdy to ICE. The private sector isonly dlowed
to generae dectricity.

Laws 7200 (1990) and 7508 (1995) - Independent Power
Gengration Act

Laws 7200 and 7508 dlow private devel opersto build and
operate geothermd power plants within the fallowing
paangeas

. 35% of the company’ s ownership must be
CodaRican;

. the procedure is public bidding;

. the maximum power inddlable per
concession or public bidding is50 MWe

. the maximum teemis 20 years

. up to 15% of the country’stotd inddlable
power can come from private Sources,

. environmenta impact dudies are required,
ad

. therateis competitivey st
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No Spedific Law for Geothermd

Like minerd resources, geothermd is consdered the
property of the State whose exploitation |CE seeksto
maintain asamonopaly. All geothermd concessons
bdong to ICE.

Thenew law, which is currently under congdertion by the
Coda Rican Congress, is more broad minded, dlowing a
wider range of use for resources, but ill retains ownership
by the Sate.

Geothermal Sites/ Projects

maeidized. Sysemdic Sudiesbeganin 1975 a
Miravdles

ICE isinterested in further developing CodaRica's
geothermd resources as an important component of its
dectricd generation plan. ICE sobjectiveisto i
geothermd steam to the private sector to be used in power
plants built under Build-Operate- Trander (BOT) or Smilar
contracts. |CE would then buy the dectricity generated for
the Interconnected Nationd System.

Hlectridty generaion usng geothermd energy begen a
Miravdlesin 1994, which in 1998 continuesto bethe only

exploited - :
Codta Rica has an eimated 1,000-3,500 MWe of geothemd area | Yol >
_ . ) o WTR A N NICARAGUA
geothermdl power potentidl. in CosaRica W lWrarmgua \l ( LR
By theyeer c«# i .,‘\ L.hé;;f;r.' an
Dueto its over-rdiance on hydrodectric power, CodaRica 2000, 2\ . Libaria """’\..f'ji.ll
is developing its Sgnificant geothermdl resources. In 15 Miravalleswill 57 \
years, geothermal will acoount for 10% of CostaRicals produce I“g”i“'-”"'”.an o AR
total ingtalled capadity, primaily basdoad. The GOCR's approximately L Puntarmitty . @eay MO i
policy isto have 100% renewable energy production in 167.5 MWe. Ry JOSE Rl
Cogta Ricaby 2010 (Lawrence, 1998). Onthebagsof HTGFD"—»_‘ -San Isldro ™
available data, it i
Coda Rica began exploring its geothermd resources for IS probable that \} b
dectrica generation in 1963, It wasnot until the 1973 the developmert Notth Fapiict | ic: Xy
OPEC ail embargo, however, that amgor interest in of Miravales I T (gaiind
developing the country’ s indigenous energy source will reechits o 20 soms 1
limtinteneer | ¢ ®» &n « sat o
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future. Consequently, ICE plansto develop other
geothermd aressfor dectricity generaion. Theseare
Rincon delaViga, Tenorio, and Poco Sol Cddera

Aress of lessinterest but dso promisng are Barva, Irazu-
Turridba, Poés, and Porvenir-Platanar, each with potentid
of 100-115 MWe. Thelesst favorable areas of the country
are Fortunaand Oros-Cacao with a potentia of 70 and 35

MWe respectively.

ICE defines“reserves’ asthe fraction of the earth’s heat
gored up to 2.5 km in depth, which can be commercdly
exploited within 10 years. “Resources’ are the fraction of
the earth’ s heet stored up to 3 km in depth, which can be
commerddly exploited within 25 years Uaing this
methodology, | CE estimates Codta Rica sresarves @ 1,000
MWe itsresources a 2,250 MWe,

11. Orosi-Cacao

12. Poés

13. Porvenir-Platanar
14. RincdndelaViga
15. Teorio

Barva

LOCATION

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 97-214
TEMPERATURE (EC) -

Bava

Fortuna-Poco Sol Cadera
Iraz+Turridba

Miravales BocaPozo |
Miravdles Boca Pozo Il
Miravdles|

Miravdlesll

MiravdlesllIi
MiravdlesV
MiravdlesV

WoNoO~WNE

=
o

CHRONOLOGY

NOTES

Potentid capacity (MWe) represents average vaues thet
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).
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Fortuna-Poco Sol Caldera

LOCATION

On the Atlantic dope of the province, in the NW-SE
trending Tilaran Volcanic Range where no recant
volcanic attivity has occurred (AlgudaProvince).

geochemicd data, the hot sorings arise from a 240°C
geothermd reservoir a adepth of aout 1 km inddethe
Poco Sol Cddera (Robles, 1998).

Potentid cgpacity (MWe) represents average vaues that
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).

IrazG-Turrialba

LOCATION

STATUS
Preliminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 69-159
TEMPERATURE (EC) 150-240
CHRONOLOGY

1989 - |dentified within the Fortunaareain the
reconnaissance sudy.

1999 - ICE planning additiona work.

STATUS
Preiminary identification/report

NOTES

Based on bailing hot gorings (98°C) found inthe areg, a
geathermd evauation was induded in the feesihility
Sudies of the Pefias Blancas hydrodectric plant.

Vey high geothermd gradients were observed near one
of the proposed dam Sites (151°C was measured 42m
below the river bed), which was interpreted to correspond
to an upflow zone dong caderic fractures. According to

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 115-257
TEMPERATURE (EC) -

CHRONOLOGY

NOTES

Potentid cgpacity (MWe) represents average vaues that
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).

Miravalles Boca Pozo |
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LOCATION

The Miravdles geothemd fidd islocated in
northwestern Cogta Rica, SW of the Volcan Miravdles
(Guanecagte Province).

Miravalles Boca Pozo I

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE) 5
POTENTIAL (MWE) 5
TEMPERATURE (EC) -

LOCATION

The Miravdles geothermd fidd islocated in
northwestern Costa Rica, SW of the Volcan Miravdles
(Guanacagte Province).

STATUS
Power plant(s) on Site

CHRONOLOGY
197910 1980 - Fird three exploratory wdlsdrilled.

1994 - 5 MWe backpressure wellheed unit inddled.
Hant factor of 80%; 80.58% in 1997.

INSTALLED CAPACITY (MWE) 10
POTENTIAL (MWE) 10
TEMPERATURE (EC) -

NOTES
Indudes one production and one reinjection well. Owned
and operated by ICE.

CHRONOLOGY

1996 and 1997 - Under arenewable 18-month
cooperdive agreement between ICE and México's CFE,
two 5 MWe backpressure units were put online.

NOTES

Indudes one production and one reinjection well. Owned
by ICE; operated by Comisidn Federd de Electricided
(CFE).

Only one of the CFE unitsis operating. Onewas shut
down to supply seam to the Miravdles |l plant.

Miravalles |

Geothermal Resources in Latin America & the Caribbean
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LOCATION

The Miravdles geothemd fidd islocated in
northwestern Cogta Rica, SW of the Volcan Miravdles
(Guanecagte Province).

STATUS
Power plant(s) on gte

Miravdles | was supplied by Fuji of Japan with 4.5%
finanding. Wl fidd finenced by the IDB. An Itdian
firm provided resarvoir engineering and managemert;
U.S. firms provided drilling sarvices (Nabors), cementing
sarvices (Haliburton), and supply wel-head equipment
(A/Z Grant). Electroconault of Ity designed the power
plant.

INSTALLED CAPACITY (MWE) 955

Miravalles I

POTENTIAL (MWE) 55
TEMPERATURE (EC) -

CHRONOLOGY
1976 - Prefeesibility sudy completed.

1985 - Feadihility study completed funded by the Inter-
American Devdopment Bank (IDB).

1994 - Sat-up of firg 55 MWe condenaing plant. The
unit has been in continuous operation Snce then with a
plant factor of about 90%; 94.43% in 1997. Thistakes
into account that the plant has been generating 60 MWe
continuoudy, alevd which is conddered feesble and
within the unit’s design parameters

LOCATION

The Miravdles geothermd fidd islocated in
northwestern Cogta Rica, SW of the Volcan Miravdles
(Guanecagte Province).

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE) 55
POTENTIAL (MWE) 55
TEMPERATURE (EC) -

NOTES
Indudes 11 production and 5 reinjection wells.

CHRONOLOGY
1988 - Feesibility study completed funded by the IDB.

August 1998 - 55 MWe condenaing plant expected to
come online (Robles, 1998). Deveoped and operated by
ICE. LikeMiravdlesl, the expected generation capecity

Geothermal Resources in Latin America & the Caribbean
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of Il is60 MWe.

NOTES
Indudes 6 production and 6 reinjection wells.

Financed with aUS$ 724 milllion IDB loen. Under
internationd bidding, the contract was awarded to
Ansado.

The spedific cogt of investment is US$2,279.50/kWe for
Miravdlesll.

Miravalles Il

LOCATION

The Miravdles geothemd fidd islocated in
northwestern Cogta Rica, SW of the Volcan Miravdles
(Guanecagte Province).

STATUS
Condruction underway

bid.

Soring 1997 - Competitively bid contract awvarded by ICE
to Oxbow/Marubeni consortium. The consortium is
composd of effiliates of Oxbow Power Corporation of
West PAm Beech, Horida, Tokyo-based Marubeni
Corporation; Oxbow Power Sarvices, Inc. of Reno,
Nevada, and Jos2 Altmann & Compania, Ltda of San
Jos, CotaRica

Under the terms of the origind tender, asecond 27.5
MW unit can be avarded by 1CE to the Oxbow/Marubeni
consortium any time before Novermnber 18, 2000.

September 1998 - Project closed financing and began
Ste prepardion.

February 1999 - Formd ground bregking.

Soring 2000 - 27.5 MWe condensing plant expected to
be online

INSTALLED CAPACITY (MWE) 275
POTENTIAL (MWE) 27.5-55
TEMPERATURE (EC) -

CHRONOLOGY
1996 - 27.5 MWe BOT plant & Miravales Il put out to

NOTES

A 275 MWe condensing plant is under condruction.
Builder and operator is Geoenergia de Guanecaste Ltda,
aconsortium of Oxbow Power Corp. and Marubeni Corp.

of Japan.

Miravdles 11l will be CodaRica sfirg BOT power

Geothermal Resources in Latin America & the Caribbean
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project. Itwill sl dl itsdectricity to ICE, the Sate
utility, under a15-year PPA dter which ICE will assume
ownership of the plart.

Edimated totd cogt: $70 million; $49.5 millionto be
finenced by the IDB. Thefinandng involvesa$165m
loan from IDB’ s ordinary cgpitd (A loan) aswdl asa
syndicated loan of $33 m (B loan), co-arranged and
underwritten by the Fuji Bank of Jgpan. Dresdner Bank
and Credit Locd de France dso subscribed the
syndicated loan. Geoenergia de Guanacagte Ltda, the
borrower, is contributing $16.5 m in equity.

Miravalles IV

NOTES
27.5 MWe condensing plant in evaudion $age.

ICE isconddeing cdling an internationa competitive
bid for aBOT contract for the condruction of abinary
cyde plant to extract energy from Miravdles swade
water which is currently being injected into the reservair.

Interested companies will be dble to define the binary
cydetechnology to be used and design aplant layout thet
will effidently explait the energy of these 160°C waters
(Robles, 1998).

LOCATION

The Miravdles geothermd fidd islocated in
northwestern Costa Rica, SW of the Volcan Miravdles
(Guanacagte Province).

Miravalles V

LOCATION

The Miravdles geothermd fidd islocated in
northwestern Cogta Rica, SW of the Volcan Miravdles
(Guanecagte Province).

STATUS

Feesibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 275
TEMPERATURE (EC) 160
CHRONOLOGY

STATUS

Prefeasibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 20
TEMPERATURE (EC) 160

Geothermal Resources in Latin America & the Caribbean
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CHRONOLOGY

NOTES
A 20 MWe binary or condenang plant isin the evauation
dage.

STATUS
Preiminary identification/report

Orosi-Cacao

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 103-219
TEMPERATURE (EC) -

LOCATION

CHRONOLOGY

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 37-81
TEMPERATURE (EC) -

NOTES

Potentid cgpacity (MWe) represents average vaues that
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).

Porvenir-Platanar

CHRONOLOGY

LOCATION

NOTES

Potentiad cgpacity (MWe) represents average vaues that
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).

STATUS
Prdiminary identification/report

Poéas

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 109-241
TEMPERATURE (EC) -

LOCATION

CHRONOLOGY

NOTES

Geothermal Resources in Latin America & the Caribbean
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Potentid cgpacity (MWe) represents average vaues that
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).

Rincon de la Vieja

LOCATION

In northwestern Codta Rica near the active Rincon dela
VigaVacano, 17 km northwest of the Miravdles
geothermd fidd (Guanacaste Province).

Surface manifedationsindude fumaroles, mud pots,
thermd sarings, and hydrothermdly dtered rocks

NOTES

Themgor limitation to development isthat part of the
geothemd system islocated in the Rincon delaViga
Nationd Park. Thereisworry about possble
environmenta resrictions that may impede the

deve opment of the project.

The devdopment scheme will be Smilar to Miravalesll|
and 1V, eg.,, BOT awarded through internationd public
bidding.

Potentid capacity (MWe) represents average vaues thet
can befed by the “resarves’ to that which can befed by
the “resources’ (Catddi, 1995).

Tenorio

STATUS

WIS or hole(9) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 157-330
TEMPERATURE (EC) 230-240
CHRONOLOGY

1975-1976 and 1994-1995 - 17 gradient holeswith
depths between 52 and 379 m drilled; temperature logs
aeavalade

1997 - ICE dlocated funding fromthe IDB for a
prefeesibility sudy of thisarea

LOCATION

South of the Tenorio Volcano, gpproximatdy 14 km
northwest of Lake Arend, 25 km southeest of the
Miravdles geothermd fidd (Guanacagte Province).

The Arend Volcano isone of Centrd Americals most
active, averaging ten minor eruptionsaday. It has spewed
lava down its Sdes only ten times Snce 1968.

STATUS
WIS or hole(9) dilled

Geothermal Resources in Latin America & the Caribbean
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INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 110-247
TEMPERATURE (EC) 230-240
CHRONOLOGY

1989 t0 1995 - Prefeashility study covering an area of
550 kn?, done with support of the Itdian Government and
the United Nations Development Program (UNDP).
Indicated the presence of ageothermd resarvoir & a
depth of 1200-2000 m, with atemperature of 230
240°C, and medium to low dinity fluids

1997 to 1998 - Feesbility sudy started and funded by
ICE. The study will indude drilling three wells with
support from the IDB. Thefidd, liquid-dominated with
temperatures over 230°C, is estimated to have potentia
of 110 MWe. The objective of thisSageisto prove
geothermd resources sufficient to supply Seamto one

or two power plantswith atotd capacity of 50-60 MWe.

ICE hasdrilled 12 gredient wells. In addition, the
congruction of access roads, water supply systems, and
drilling pads for 4 degp exploratory-production wells has
begun.

2005 - Frgt 55 MWe plant should be online,

deveoped probably asaBOT. |CE will supply the Sleam
and buy kWh from the plant.

The spedific cogt of investment is US$2,279.50kWe for
Tenorio.

Potentid cgpacity (MWe) represents average vaues that
can befed by the “resarves’ to that which can be fed by
the “resources’ (Catddi, 1995).

NOTES
Tenorio will bethe next fidd ater Miravdles, to be

Geothermal Resources in Latin America & the Caribbean
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El Salvador

Population (millions) - July 1998 5.75
Overdl Electrification (% of population) 65%
GDP (billion US$) - 1997 est. $17.8
Real GDP Growth Rate - 1997 est. 4.0%
Inflation Rate (CPI) - 1997 2.0%
Tota Installed Capacity (MWe) - 1995 833
Electricity Consumption per Capita (kWh) - 1997 538
Energy Demand Growth Rate 7.0%
Prices (US¢/kWh) - June 1998

Residential 8.19

Commercial 10.70

Industrial 11.10
Estimated Geothermal Potential (MWe) 2,210

Power Summary

The generation system of Bl Sdvador is composed of
hydrodectric (49%), geothermd (13%), and thermd

(38%) power plants, for atotd ingtaled capacity of 900
MWein 199.

Largefactories and indudtrid parksin El Sdvador generdly
have their own backup power generdting fadlities
Infrastructure problems and weether conditions il
interrupt srvice on aregular beds  Electricd generation
is highly dependent on seasond rains, because
hydrodectric plants provide more than 40% of the
country’ s generding cgpecity. The Sate-owned dectric
comparty, Comison EecutivaHidrodédtrica D Rio
Lempa (CEL), aided by internationd finandid sources, is
developing additiond geotherma and fud-powered
dectricd plants In addition, privaidy-owned generating
plants, will likdy reduce the number of dectricity
shortagesin the future.

The Government of Bl Sdvador (GOES) is moving aheed
with the privatization of CEL. Four digribution companies
weresold to U.S,, Venezudan, Chilean, and Centrd
Americaninvestors inearly 1998. To sl therest of CEL
will require areorganization of the agency whichis

currently underway and expected to be complete by the end
of 1999. It isdill unknown how this privatization will teke
place. Some plants, i.e geothermd and therma may be
sold, while others, i.e,, hydrodectric, may be contracted
under concesson due to the complexity of dividing up

water rights. The breskup of CEL should lead to adramatic
increese in investment in the sector over the next ten years
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Thereis speculaion that CEL will seek to shed its
generating plantsin the future but thet will depend onthe
new government which will be dected in March 1999.

After years of avil war, the resurgence of indudtria output
hes greatly increased El Sdvador’s power needs following
the 1992 Peace Accords. Bl Sdvador’ s average annud
growth of dectricity demand for the ladt five years has been
7%. CEL isimplementing aten+year dectricity generation
expangon plan based on a projected 7% average annud
increese in demand, aswdl as on medting future demand
from Guatemdaand Honduras: The plan amsto increase
the country’ stota generating cgpecity to 2015 MWe by the
year 2010, and will require invesment of more than $1
billion.

The $332 million Electric Power Sector Program, Sagel,
goproved in 1994 by the IDB, will provide the infragtructure
needed to accommodate El Sdvador’ s growing demand for
dectriaty. Of thetotd, $215 million is coming from the
IDB, $55 million from the Oversees Economic

Cooperation Fund (OECF) of Jgpan, and $62 million from
local sources

The specific componentsindude: (a) condruction of the
Berlin 55 MWe geothermd generation plart; (b)
gahilization and rehatilitation of the Ahuachgpen
geothermd plant; () condruction of three new 115 kV
tranamisson lines and two 115-46 kV subgtations,

rehabilitation of twenty 115 kV lines, and expansion of the
capacity of eight existing substations; (d) an energy
conservation program; and (€) inditutiona srengthening
and g&ff training of CEL.

Government / L egislation

Superintendencia de Eledtricidad v Telecomunicadiones

(SGET)

Created in 1996, SGET is an independent agency which
regulates the tranamisson and didtribution of dectridity in
B Sdvador. SGET will:

authorize the sde of concessonsfor
exploration and explaitation of geothermd
resources,

gopoint atransactions office known asthe
Unidad de Transacciones (UT) which will
operde the tranamisson sysem, mantain the
security of the system, and assureaminimum
acoeptable gandard for sarvice and ddlivery;
and

be the point of resolution for conflicts
between operators, and between operators
and find consumers, but only if its services
areformdly requested.
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Comision Ejecutiva Hidrodédricadd Rio Lempa (CEL)

CEL, the Nationd Electric Utility Company of El Sdvador,
isin the process of being privatized falowing the Generd
Law of Electricity passed in 1996.

CEL’sgeothermd divison, renamed Geothermia
Sdvadorena SA., islooking for a“drategic partner” to hep
Geo-CEL run the geothermd plantsin Berlin and
Ahuachapan aswdl as exploit new projects. Partners
currently are AES, Unocd, Cdpine, Oxbow, Enron,
Congdlation Power, Caithness Corp., and Horida Power &
Light.

CEL has evaduated future options for developing and
exploiting geothermd resources, according to three
schemes

1 CEL retains ownership and management of
the resource and seisthe deam to an PP,
following the modd st in the Philippines
Indonesa, and CodtaRicy;

2. Totd concesson to the PP who will

completdy manage the resource and the
plant; and

3. A variant of 2inwhich CEL patidpeaesin
the capita of theloca company created by
the IPP.

Gengd Law of Electricity (Decree No. 843)

The Generd Law of Electricity, passed October 10, 1996,
edtablished the legd framework for privatizing dl aspects
of dectriaty production, tranamisson, and didtribution
currently owned by the date orgenization, CEL. Thetime
frame for complete privatization of CEL isthreeyears. The
Law aso created SIGET as an independent agency to
regulate the indudry.

The price of dectridaty a generation will be market driven
but the GOES will regulate the prices charged for
transmisson and digribution. The Wholesde Market will
have two components. the Contracts Market (MC) or fixed
market, and the Sysem Regulaing Market (MRS) or spot
maket. To patidpatein any phese of the fixed market
(MC), vdid contracts are necessary. Contracts are not

necessary to participate in the spot market (MRS).

Chargesfor use of the tranamission and didtribution system
will be determined by the UT basad upon the codts of
investment, operation and maintenance assodiated with eech
componen of the sygem. The UT will assess
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pendties on companies which do not mest their contractua
obligations

There are no redrictions on foragn ownershipinthe
dectridty sector. Trangmitters and digtributors will be
obliged to permit use of their indlation for international
interconnections.

No Spedific Law for Geothermd

According to the Sdvadorean Condtitution, dl the country’s
subsurface is State property.

Bl Sdvador has no pedific law for geothermd. Companies
interested in obtaining concessions for geothermd
exploitation mug present awritten request to the SGET
which indudesthefalowing:

. Information about the company rdativeto its
incorporation and legd capaaity;

. A feedhility sudy which indudesa
descriptive narrative and blue prints;

. An evironmentd impact sudy which
addresses the effects on the environment of
the current project aswdl as any future
expangons and indudesasection on dl
phases of the project (congtruction,
operation, and termination). It should dso
indude saverd options for deding with any
adverse effects thet may result fromthe
project.

S GET granted itsfirg license to acompany to begin
explaitation in San Vicente

All geothermd project proposds are subject to apublic
offering which will be adminigered by SGET. All bids
must be accompanied by a guarantee equivadent to 10% of
the vaue of the project.

Concessonswill be awarded to the highest bidder except if
the origind bidder loses The origind bidder will be
awarded the concesson if they are willing to pay 85% of
the price offered by the winner.
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Once aconcesson isgranted, if acompany wishesto
increese its cgpaaity, it will be required to pay to the Sate a
sum rlated to the red vaue of the origind acquistion and
comparadle to the amount it would have pad a the time of
the origind acquigtion hed thisincreased capacity been
included.

Upon request, SGET will authorize for onetime only,
temporary permisson to conduct feeghility Sudiesfor
projects utilizing geothermd energy. The parmisson will

be granted for atwo-year period with one option to renew.
The parmisson is nat exdusive and merdy fadlitates
studies conducted on gate-owned property. For sudieson
private property, permisson from the owner or
adminigrator of that property must be obtained.

Geothermal Sites/ Projects

El Sdvador has an estimated 2,210-4,140 MWe of
geothermd power potertid.

Geothermd power represents the leest cogt generding
source for base load energy for El Sdvador. Each MW of
geothermd power saves goproximatdly $1,100 per day,
depending onfud cost.  Consequently, geotherma power
projects have ahigh priority.

Geothermd power currently supplies 13% of the country’s
totd dectricity demand. Ahuachgpen hasaninddled

cgpacity of 95 MWe Berlin BocaPozo |, 10 MWe. An
additiond 60 MWe of capadity isunder condruction.

By 2000, geothermd will supply about 20% of El
Sdvador’ spower. By 2010, it is esimated that there will
be 380 MWe of geothermd indtalled capacity. To date, the
GOES hasinvested over US$100 miillion in geothermd
exploration and development but plansto be completdy out
of the geothermd deve opment business by 2000.

B Sdvador began exploring its geothermd potentid inthe
mid 1960s  The southern Flio-Quaternary Volcanic Bt
represents the principd target of exploration, with mgor
geothermd zones, hat srings, hat wells, fumardles and
expoaures of hydrothermd activities Mogt activitieswere
hated during the Civil War (1980-1992).

SX priority aressin te'rms of generaing power potentid
have been identified. Stretching across the country from
west to eadt, they are Ahuachgpén, Chipilgpa, Coatepeque,
San Vicente, Berlin, and Chinameca. All except Chinameca
are high enthdpy, liquid-dominated fidds Thereisno
inventory of lower enthalpy resources
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Ahuachgpan
Berlin BocaPozo |
Belinll
Chinameca
Chipilgpa
Coaepegue

San Vicente

Nogh~wDNPRE

Ahuachapan

LOCATION

In western Bl Savador gpproximatey 80 km west of San
Sdvador, 18 km east of Rio Paz, and 15 km from the
Guatemdan border. Studied zone in the Ahuachgpan
Chipilgpa geothermd fidd covers an areaof 200 kn? and
islocated in the counties of Santa Ana, Ahuachapan, and
Sonsonate.

STATUS

Power plant(s) on gte

INSTALLED CAPACITY (MWE) 95
POTENTIAL (MWE) 95-150
TEMPERATURE (EC) 230
CHRONOLOGY

1953 - FHrgt geothermd studies conducted by the

Nationd Geologic Service and CEL.

1966 - The GOES with assgtance from the UNDP
assessed agood part of the country and identified
Ahuachgpdn as an area of priority; drilled AH-1 to 1200
m

1970 - Feasihility sudy conduded funded by the World
Bank.

1971 - Deveopment of the fidd and condruction of the
complex began. Rlantswereinddled by Mitsubishi

Heavy Indudtries, Ltd., and developed and are operated by
CEL. Totd of 32 wdlsdrilled of which 11 are

connected to the complex.

1975 - Sngle-flash unit of 30 MWe came online.
1976 - Sngle-flash unit of 30 MWe came online.
1981 - Double-flagh unit of 35 MWe came online.
1980s - Fidd was over-exploited for many reasons, &
one point it generated over 40% of the country’s
dectricity caudang resarvoir pressure to drop quickly.

1994 - Generdtion Sabilized a 48 MWeto mantan
pressure above 19 bar.
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1995 - CEL dosed finanang with the IDB for the
Ahuachgpan Rehahillitation & Stahilization Project.

Through internationd bidding, Forasd was awvarded the
arilling contract while the consortium of SA
Enginegring and Marubeni won the plant rehabilitation.

Eight of the ten wdls have been drilled with an additiond
33 MWefound in seven. Onewel now connected has 53

MWe of cgpecity.

new wdlsto the plant; and

(5) rencbilitation of the cand thet channdsthe brineto
the ocean for emergency use

Ahuachapén has 95 MWe of inddled capecity (2x 30
MWe + 1 x 35 MWe) but, asaresult of over-exploitation
for severd reasons is currently generating only 40-45
MWe. The purpose of the project isto increase
production to &t least 80 MWe.

NOTES

The IDB-funded Ahuachapén Rehabilitation &
Stabilization Project is part of the $332 million Electric
Power Sector Program, Stage Il Program. It hasfive key
components

(1) drilling of 10 new wdlsto the south of the producing
aeq,

(2) rehahilitation of the dectro-mechanicd eguipment in
the power plart;

(3) condruction of aranjection lineto exising
reinjection welslocated in Chipilapa, 7 km away
(currently the brine is dumped into the oceen viaan 80-
km-long cand);

(4) condruction of agathering system to connect the

Berlin Boca Pozo |

LOCATION
In eestern Bl Salvador goproximatdy 90 km from Sen
Sdvador.

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE) 10
POTENTIAL (MWE) -
TEMPERATURE (EC) 240-300

CHRONOLOGY

1966 - The GOES, with assstance from the UN,
identified Belin as an areaof priority; drilled two
gradient wells and one degp exploratory well.
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1980 and 1981 - With funds from the World Bank,
conducted afeesihility sudy which induded drilling

three dimhole wels and five degp exploratory wells.
Identified aminimd area of production of 6.8 kn? (a
dep resarve a gpproximatdy 1,800 m with temperatures
higher than 300°C) and athe feasbility of afirst unit of

55 MWe. FHeddwork hdted by the Civil War.

1987 - Production testing of wells completed.

1991 - Belin BocaPozo |, two 5 MWe units, came
online usng two exiding production wels and drilling
threereinjectionwdls Unitsinddled by ACEC, a
Bdgian company since bought by ABB.

1992 - Planta Geotérmica El Tronedor, composed of two
5 MWe plants, began commercid operaion. Developed
and operated by CEL. Currently generdtionissablea 8
MWe.

NOTES

Berlin Il

LOCATION
In eestern El Savador goproximatdy 90 km from Sen
Sdvador.

STATUS

Condruction underway

INSTALLED CAPACITY (MWE) 955
POTENTIAL (MWE) 55-150
TEMPERATURE (EC) 240-300
CHRONOLOGY

1966 - The Government of El Sdvador, with assstance
from the UN, identified Berlin as an area of priority;
drilled two gradient wels and one deep exploratory wll.

1980 and 1981 - With funds from the World Bank,
conducted afeesihility sudy which induded drilling

three dimhole wdls and five degp exploratory wdls
Identified aminima area.of production of 6.8 ke (a
deep resarve a goproximatdy 1,800 m with temperatures
higher than 300°C) and the feesibility of afirg unit of 55
MWe. FHedwork hdted by the Civil War.

1987 - Production testing of wells completed.

1992 - With an IDB loan, conducted a study of the
feeshility of two 25 MWe plants.

1993 - Completed geosdentific, enginearing, and
chemicd gudies with support from the World Bank.

November 1998 - Frs 25 MWe should be online.
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January 1999 - Second 25 MWe unit should be online.
Drilling and other activities will continue efter the
ssoond unit isingdled.

Chinameca

NOTES

The $113 million Berlin Firs Condensation Project is
funded by aloan from the IDB and is part of the $332
million Electric Power Sector Program, Stage 1
Program.

Under the Berlin first condensation deve opment, two 25
MWe plants are planned with 12 new wdls-- 7
production and 5 reinjection. Sx new wdls have been
drilled with a cgpacity of 30 MWe. In addition, a6 km
115 kV trangmisson linewill be built.

Under internationd bidding, contracts were awvarded to
the Forasal-Foraky Group (El Sdvador-Bdgium) for
arilling and to the Sumitomo Corporation for the
modular condensation units

Condruction of the seam and brine gethering system
will be done by MONEL CA, congruction of a permanent
camp by OMNI, both Salvadorean companies.

It is estimated thet Berlin Il will save $56,000 in fud
cods per day, induding operating and finandid cods

LOCATION

STATUS
Well(9 or hole(9) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 5-55
TEMPERATURE (EC) 300

CHRONOLOGY
1966 - The GOES, with assgance from the UN,
identified Chinamecaas an areaof priority.

Sx degp exploratory wells were drilled, five had
promisng reults Of thefive, three have apotentid of
30 MWEe the other two, 18 MWe,

1930 - Prefeasihility sudy began with funding from the
World Bank; sudy not completed.

NOTES

Prefeaghility sudy currently underway by CEL induding
additiond geochemica and geophyscd dudies The
sudieswill prepare the project for fidd development in
aprivae framework, possbly asaconcesson or an IPP.
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Chipilapa

LOCATION
Inwestern El Salvador on the northern dope of the
LagunaVerde and Las Ninfas volcanoes, et of the town

of Ahuachapén.

STATUS
WIS or hole(9) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 220-230

CHRONOLOGY

1965 to 1968 - The GOES, with assgtance from the UN,
identified Chipilgpaas an aeaof priority. Drilled CH-1
to adepth of 985 m with amaximum temperaure of
220°C & 300 m.

1989 to 1991 - With funds from the Centrd American
Bank of Economic Integration (BCIE), geovalcanic,
hydrologica, geochemicd, and geophysicd dudieswere
done. Fve degp exploraiory wels (from 985 to 2700 m)
and one shdlow thermd gradient wel (450 m) were
drilled in the northern dope of the Caro Cuyanausi ona
SE-NW trending line. The feaghility sudy was
interrupted as a conssguence of the results obtained by

the Accderated Deve opment Program.

1988 to 1992 - Accderated Devd opment Program -
Objective wasto put into service two backpressure units
of 5 MWe with funds received under a French-Sdlvadoran
finandd agreement. Geostientific sudies were done;

and two turbine generators supplied. The project did not
achieveits objective due to limited permestiility and
moderate temperatures (around 200-210°C).

1990 - Indtituto de Investigaciones Eléctricas of México
(I1E) and CEL carried out an extensve geochemicd
urvey of the areaas well asaresarvoir enginesring
assessment. Conduded that the explored areacontainsa
reaively shalow (~ from +400 to -400 med) outflow

of the Ahuachapén hydrathermd system; in the padt the
temperaiures were typicaly 20-40°C higher than they are
now; and beow the outflow the thermd sructure of the
Chipilagpafidd reveds the presence of adegp heat
source, presumably the magmetic chamber inferred by
previous geovolcanologicd sudies (Iglesias, 1995).

NOTES
Chipilgpais ahigh enthdpy, liquid-dominated resource

Two dterndivesfor the project have arisen:

(1) Devedoping apilot project with amedium-scae
binary plant and utilizing the wadte from the water for
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other agro-indudtria gpplicaions, or

(2) Udng the areafor reinjection to Sebilize
Ahuachepén.

San Vicente

Coatepeque

LOCATION
Approximatey 50 km southeast of San Sdvador on the
dopes of the Chichontepegue Vol cano.

LOCATION

STATUS
Feadibility study

STATUS
Prefeasihility sudy

POTENTIAL (MWE) -
TEMPERATURE (EC) -

INSTALLED CAPACITY (MWE) 0

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 275115
TEMPERATURE (EC) 230

CHRONOLOGY

1991 to 1993 - Prefeasibility sudy completed with
Italian cooperation and funds; induded geovalcanic,
geochemicd, and geophyscd dudies. The project was
interrupted prior to drilling an exploratory well by critics
who raised issues rlated to the tourit interest of the
aea. Anewvironmenta impact sudy has not been done.

NOTES
High enthdpy, liquid-dominated resource

CHRONOLOGY

1966 - The GOES, with assstance from the UN,
identified San Vicente asan area of priority. One 1300
m degp wel was drilled with amaximum recorded
temperature of 230°C.

1980 - Prefeaghility study funded by the World Bank.

1995 to 1998 - Feesihility study funded by a$14.6
million loan from the IDB. Project was sugpended dueto
legdl reasons. Geophyscd sudies, the drilling of three
exploratory wels, and afeesibility gudy of thefidd
reman to be completed.

SIGET granted fird license to begin exploitationto a

Geothermal Resources in Latin America & the Caribbean

27



U.S. company.

2005 - 27.5 MWe plant hoped to be online.

NOTES
San Vicateisahigh enthdpy, liquid-dominated
resource.
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-ﬁ Guatemala

Population (millions) - July 1998 12.01
Overdl Electrification (% of population) 68%
GDP (billion US$) - 1997 est. $45.8
Real GDP Growth Rate - 1997 est. 4.1%
Inflation Rate (CPI) - 1997 9.0%
Tota Installed Capacity (MWe) - 1995 1005
Electricity Consumption per Capita (kWh) - 1997 312
Energy Demand Growth Rate 10.0%
Prices (US¢/kWh) - June 1998

Residential 6.87

Commercial 7.86

Industrial 9.30
Estimated Geothermal Potential (MWe) 3,320

Power Summary

The key enargy issuesin Guatemda are dectricity and ail.

The country’ s consumption of energy is currently among
the lowes intheworld. Approximatdy 68% of

Guatemdans have access to dectricity. Outsde of the
cgpitd, accessfdlsto 30%, and in rurd aressthereis
virtudly no access. The Government of Guatemdd's
(GOG) god istoincrease rurd dectrification to 70% by
2000.

Of Guatemdd stotd 1005 MWe inddled capacity in

1995, dectricity production isadmog evenly Solit between
hydrodectric and thermd power (24% Seam turbines, 49%
gasturbines, and 28% diesd). In 1990, hydropower
accounted for over 90% of the country’ s generation
cgpacity—an over-rdiance on hydropower. Guatemda
edimatesthat it must add about 1400 MWe of new and
replacement capecity by 2012 to satisfy increasing demand.

Guatemdais the only ail-produaing country in Centrd
Amaica However, oil reserves are concentrated in remote
and inaccessible regionsin the Peten bagin in northeest
Guatemda With the formd end of the 36-year Civil War in
1996, however, Guatemdais pushing to devdopitsall
resources and granting concesson for deve opmentt.

Guatemda has an increasingly open power market. The
country’s privatizetion program has accderated with the
sde of Empresa de Energiade Guatemda SA. (EEGRA),
the country’ slargest power utility, and the proposed sde of
Indtituto Naciond de Electrificacion (INDE), therurd
power distributor in 1998-1999.
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INDE has 75% of Guatemdld s cgpadity, EEGSA 17%, and
municipdities and private companies 13%. Of the private
companies 128 MWe, Enron has 110 MWe or 86% of the
totd supplied by its diesd “floaing generdtion barges”

Asintherest of Centrd America, Guatemdd sdectric
sector is presently occupied with two events: the
completion on schedule by 2005 of the“Sgemade
interconexion déctrica para América Centrd” (SEPAC)*
which would creste aregiond dectricity market in Centrd
America and the posshility of Guatemdaobtaining neturd
gasfrom México in ten years or more.

México and Guatemaa have Sgned an accord on doser
enagy cooperaion which, in addition to alowing Pemex to

4 SIEPAC would create aregional electricity market
in Central America by building a 230 kV
transmission line connecting Guatemala, Honduras,
and Panam@. (Lines currently exist between severa
of the countries.)) The target date for completion is
2003. ThelDB is providing $186.6m, over haf the
$346m estimated cost of the project.

IDB estimates that integrating the six electricity
systems,, taking into account factors like private
sector involvement in building the grid, use of bigger
plants, sharing plants and reserves, and optimizing
water use, may save the countries as much as
$10m-$20m a year.

St up gas dationsin Guatemda, aso dedswith building a
netura gas pipdine between México and Guatemda

Government / L egislation

Indituto Naciond De Eledtrificacion (INDE)

Theregulaory framework for the deve opment of
Guatemdad s geothermd resources is the respongbility of
INDE. INDE dso channds Sate funds to supporting rurd
dedtrification, supplying dectriaty to 19 of the country’s
22 provinces.

INDE will be divided into two separate entities and sold.
Bidders must be recognized power company operators with
bidding expected to begin in November 1998.

Generd Law of Electricity (Decree No. 93-96)

The Generd Law of Electricity (Decree No. 93-96),
adopted in November 1996, ended INDE' s monopoly by
privaizing dectricity generation and didribution in
Guaemda Asareault of the Law, INDE created three
didinct sate companies for generaion, transmisson, and
digribution.

The Law do cregted the Comision Naciond de Energia
Eléctrica (CNEE) and established the conditions for the
formeation of afree market-based wholesde market, the
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Mercado Mayoriga (MM) which wasinaugurated in
October 1998.

The MM will buy and sdl dectricity power and energy in
short and long term markets, and will be heeded by Energy
and Mining minister Leond Lopez Rodas. Power
producers and dectriaty distributors with aminimum of
20,000 usars will paticipaeinthe MM, aswdl as
digribution companies handling more than 10MWe,
marketers with more then 10MWe and usarswith a
consumption of more than 100 KWh.

No Spedific Law for Geothermd

The Generd Law of Electricity (Decree No. 93-96)
revoked the exising Geothermd Law (Decree No. 126-
85). According to the new Law, geothermd investment
should obtain authorization (concesson) from the Minigtry
of Energy and Mines Renewable energy projects qudify
for duty-free imports of goods that are not produced
locally.

A grid-connected gecthermd project in Guatemaa mugt
compete directly on the basis of price with other forms of
power. According to aHagler Bally sudy, the basdoad
margind codt for generation in Guatemdais 4¢/kwWh
(Germain, 1998).

Geothermal Sites/ Projects

Guaemda has an etimated 3,320-4,000 MWe of
geothermd power potertid.

INDE began geothermd exploration in Guatemaain 1972
with assstance from severd sourcesinduding the IDB, the
Japanese Government; OPEC; OLADE; the U.S. Agency for
Internationd Deve opment (USAID) through Las Alamaos

Nationd Lab (LANL) and the U.S. Geologicd Survey

(USGS); the
Internationd r\/
Atomic Energy MEXICD \
Agency (IAEA);
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surface exploration, and exploratory drilling; $13 millionin
fidd development; and $38 million in dectricd utilization,

for atotd of $76 million.
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Guatemda has 25 volcanoes and intense volcanic adtivity.
The valcanic highlands, where mogt of the geothermd
resources are located, lie in the southern and southwestern
parts of the country. Inthe 23 areas Sudied, estimated
reservoir temperatures range from 14°C to 300°C. In
addition to high enthdpy resources Guatemda has
sgnificant opportunities for geothermd development in
smdl-scae, direct use goplications (Lawvrence, 1998).

To date, 14 geothermd fidds have been identified in
Guatemda Thefive mods promisng, with temperatures
ranging from 230-300°C, listed in order of decreasing
priority, are: Amdtitlan, Tecuamburro, Zanil 11, Sen Marcos
and Moyuta

Second priority areas with temperatures of 130-180°C are
Los Achiotes, Tatonicgpan, and Ixtepeque. Pdendia,
Retang, Ayarza, Atitlan, and Motagua are ranked asthird
priority Stes

Geothermd resources currently under development indlude
Znil | and Amatitién. Orzinil is currently building a24
MWeBOT geothermd plant a Zdnil. 1t will bethe
country’ sfirg private geothermd plant and is expected
online after 2000. A 5 MWe backpressure unit was put
onlinein Amatitlén in 1998.

Amditldn (Geoteca)
Atitlan

Ayaza

Cordon and Medida, LaLaguna
Ixtepeque-lpda
Los Achiotes
Moatagua
Moyuta

10. Pdencia

11. Rdan

12. San Marcos
13.  Tecuamburro
14.  Totonicgpédn
15.  Znl | (Ozinil)
16.  Znlll

WoNoOkWN

Amatitlan

LOCATION
28 km south of Guatemda City dong Laguna Amatitian
(San Marcos Department).

1. Amditlan

STATUS

Power plant(s) on gte

INSTALLED CAPACITY (MWE) 5
POTENTIAL (MWE) 5-200
TEMPERATURE (EC) 180-300
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CHRONOLOGY
1972 - Prdiminary exploration done by INDE with funds
from the Jgpan Internationd Cooperaion Agency (JCA).

1977 - FHrd invegtigations begun by INDE with itsown
funds

1979 - Study sugpended to focus on Zanil.

1980 to 1984 - Prefeadibility study conducted covering
anaeaof 170 k2. With funding from OPEC/OLADE,
INDE contracted with Electroconsult to complete the
prefeeshility study induding drilling two dimhadewdls

1987 - INDE and LANL began a cooperdive sudy of
fidd.

1989 - Electroconsult recommended afeeshility sudy
to confirm the exigence of acommerad resource.

1993 and 1994 - Resource feaghility study funded by the
IDB and conducted by West Jgpan Enginearing Inc. (West
Jec). Of thefour full-sized wells drilled, AMF1 and 2

are production, AMF-3 for reinjection, and AMF4 dry.
AMF-1 and 2 showed a cgpecity of 12 MWewith atotd
resource potentid estimeated a 200 MWe. The
temperaure in the resarvoir is 230-300°C.

AMF-1 - 1581 m, 280°C max. temp., 11 kg/cm WHP, 6
MWe estimated potentid.

AMF-2 - 1502 m, 295°C max. temp., 8 kg/em WHP, 7
MWe esimated potentia

AMF-3 - 1500 m, 231°C max. temp., dry well.

AMF-4 - 2058 m, 240°C temp. (a 1750 m), 35 kg/cm
WHP (datic wdlheed pressure).

According to West Jec's mathematical modd, three new
production wells would amount to a potentid of 25 MWe
for 30 years.

1997 - Three-year contract Sgned for theingdlaion of
a5 MWe plant between INDE and Ingenieros Civiles
Asodiados (ICA) of México; CFE will provide advice.
Under the contract, INDE will supply steam to the plant
and buy the dectridity it generaiesfor 3.75¢/kWh. After
three years, areques for bidswill beissued for the
deveopment of a30-55 MWe plant.

ICA will inddl and maintain the plant, monitor thefidd
and production wells, evduate their capacity, and
dissssemble the plant after three years,

1998 - 5 MWe backpressure unit began operation.
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NOTES
Beginning operaion in June 1998, Amditlan becamethe
firg geothermd power plant in Guatemda

Initidly the project was to be implemented in assodiaion
with INDE and the Sate dectric companies of
neighboring countries. The project was dructured asa
concession in which INDE would guarantee the
production of fluid and the foregn member (CEL or
CFE) the supply, enginesring, and congruction of the
plant asaBuild-Lease- Trander (BLT). Recently,
however, this process was modified into an internationd
bid in the short-term as a concession for an | PP.

Amaitlan has a probable potentiad of 30 MWe and an
estimated of 200 MWe.

Amatitlan (Geoteca)

LOCATION

Panta Geotermoed ectrica Geotecais located in
Amditlan, 30 km from Guatemda City (Guatemda
Depatment), 1.5 km from the nationd grid.

STATUS

Well(9) or hole(s) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 512
TEMPERATURE (EC) 190-200
CHRONOLOGY

1980s - Geothermd resource discovered; well B-1
drilled; supplied industrid and potable water to Bloteca
SA. (fruit dehydration) and Tubeca SA. (concrete block

drying).

1992 - Tubeca began project with a prdiminary
evduation; dimholewdl (B-2) interogpted agectherma
aquifer at 130 m with temperatures up to 200°C.

1995 - With assgance from Fundacion Solar (supported
by USAID through Winrock Internationd), Tubeca
conducted ageologic and geophysica sudy of theareato
locate additiond Stesfor drilling. Conduded thet the
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geothermd resource had a potentid of 5 MWefor 25
years.

LOCATION

NOTES

GeotecaSA., formerly known as TubecaSA., isthe sole
owner of the generation project with the rightsto develop
the geothermd resource. The company will contract for
the enginearing, condruction, and equipment supply
necessaxy for the plant.

Geoteca has the option to sl dectriaity from the
project to the Empresa Eléctrica de Guatemda SA.
(EEGSA) or useit for indudrid purposes

Geoteca, has atechnica asssance loan from E& Co. to
support the completion of phesell of a5 or 6 MWe
geothermd project. Phasell of the project conggts of
drilling three new production wells, testing the
productivity of the wels and meking aresarvoir
assesament before preparing afind pre-invesment
report. To date, two of the three wells have been drilled.

Investment required for the condruction and ingdlation
of a5 MWe binary plant is gpproximatdy $9 million.
E& Co is hdping Geoteca complete the pre-invesment
package heeded to secure project financing.

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY
1981 - Reconnaissance a theregiond leved. Surface

geologic mapping and geochemistry conducted by INDE.

NOTES
Third priority area

Ayarza

LOCATION

STATUS
Prdiminary identification/report

Atitlan

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -
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CHRONOLOGY
1981 - Reconnaissance & theregiond levd. Surface

geologic mapping and geochemigtry conducted by INDE.

LOCATION
Chiquimula Department.

NOTES
Third priority area

STATUS
Prdiminary identification/report

Cordon and Medida, La Laguna

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

LOCATION

STATUS
WIS or hole(9) dilled

CHRONOLOGY
1981 - Reconnaissance a the regiond levd.

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 12
TEMPERATURE (EC) -

NOTES
Second priority area

Los Achiotes

CHRONOLOGY

1997- Winrock Fundacion Solar - drilling complete:
received $20,000 in funding from USAID, $80,000 from
privete sources.

LOCATION
Santa Rosa Department.

STATUS
Prdiminary identification/report

NOTES

Ixtepeque-lpala

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)
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CHRONOLOGY
1981 - Reconnaissance & theregiond levd. Surface

Moyuta

geologic mapping and geochemigtry conducted by INDE.

NOTES
Second priority area.

LOCATION

In the eastern part of the country (Jutigpa Department);
dosest to the producing Ahuachgpan geothermd fidd in
Bl Sdvador.

Motagua

LOCATION

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY
1981 - Reconnaissance a the regiond levd.

NOTES
Third priority area

STATUS
WIS or hole(s) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 30
TEMPERATURE (EC) 114-210
CHRONOLOGY

1972 - Geothermd investigation began by INDE covering
an area.of 1000 kim?.

1974 - Prefeagbility study of an areaof 330 kn? began.

1975 - Electroconault (Italy) contracted to evauate and
complete prdiminary feeshility sudy; 12 gradient and 2
large-diameter wells (INDE-1 and INDE-2) were drilled
over anaeaof 10 kn?. The highest temperature found
was 114°C a maximum depths of 797 and 2000 m.
Concluded that the area did not offer good prospects for
power generation and suggested re ocation for additiond
dudies.
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1976 - Activities suspended to Sudy more promising
Z(nil fidd.

1987 - INDE and LANL began a cooperdive study of
fidd.

1990 and 1991 - LANL re-evaduated the resource with
geochemicd studies and isotopic data. Geotherma
modd indicated the exigence of two sub-sysems onein
the fault north of Moyuta'Volcano with gecthermometer
temperatures of 210°C; the other in the south fault with
170°C.

POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY
1981 - Reconnaissance & theregiond levd. Surface

geologic mapping and geochemigtry conducted by INDE.

NOTES
Third priority area

NOTES

Moyutawas the firg geothermd areato be explored in
Guatemda  Geochemidry indicates temperatures up to
210°C.

Moyutawill be developed as a concesson for an IPP.

Retana

LOCATION

STATUS
Prdiminary identification/report

Palencia

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

LOCATION

STATUS
Prdiminary identification/report

CHRONOLOGY
1981 - Reconnaissance & theregiond levd. Surface

geologic mapping and geochemistry conducted by INDE.

INSTALLED CAPACITY (MWE) 0

NOTES
Third priority area
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San Marcos

LOCATION
250 km west of Guatemda City.

Tecuamburro

STATUS
Prefessibility sudy

LOCATION

In southeastern Guatemaa, 60 km southwest of
Guatemda City (Santa Rosa Department).  Tecuamburro
Volcano has no record of higtoric eruptions.

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 24-50
TEMPERATURE (EC) 225-300

CHRONOLOGY
1981 - Reconnaissance a the regiond leve.

1993 - INDE and the European Economic Community

begen prefeasibility study; study conducted by
Geotédmicaltdian.

1995 - Prefeasibility study, induding geology,
geochemics, and geophyscsindicated the posshility of a
resource temperature of 300°C. The continuation of the
sudy is pending the gpprovd of finandd and technicd
assgance from the EC.

NOTES
Suitable for binary power generation. Sen Marcos will be
developed as a concesson for an IPP.

STATUS

Well(9) or hole(s) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 50
TEMPERATURE (EC) 165-300
CHRONOLOGY

1980 - Arg dudies done by INDE with OLADE.

1984 to 1986 - Prefeasibility study conducted by LANL
with funding from USAID. Simholewdl drilled 1 km
south of Laguna Ixpaco (808 m) encountered amaximum
temperature of 235°C. Geochemidry indicates up to
300°C. Test wdlsindicated two fidds, onewith
temperature of 300°C centered bdow Laguna Ixpaco, the
other with atemperature of 165°C.  Edimated minimum
potentia of 50 MWe.

NOTES
Will be developed as a concession for an | PP.
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Totonicapan

STATUS

LOCATION

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 265

CHRONOLOGY
1993 - Identified as apriority areawith the cooperation
of IAEA.

1996 and 1997 - Geochemica study conducted; isotopes
andyzad in Viennaby IAEA.

NOTES

Edimated potentid cgpacity pending further sudy with
support from IAEA.

Zanil 1 (Orzanil)

LOCATION
200 km west of Guatemda City; west of the Samda
River (San Marcos Department).

Condruction underway

INSTALLED CAPACITY (MWE) 24
POTENTIAL (MWE) 24-50
TEMPERATURE (EC) 250-300
CHRONOLOGY

197310 1977 - Prliminary exploration done by INDE
with fundsfrom JCA.

1977 - INDE conducted a prefeasibility sudy which
induded drilling 18 dimhole wdlsin an area covering

310 kn?, discovered a high enthdpy reservoir (287°C) a
1130 m.

1979 - Sdected an areaof 4 ke for feesibility study.

1980 and 1981 - INDE funded drilling of Sx deep
exploratory wells, four of which were productive.
Contracted with Electroconault for feaghility Sudy of a
15 MWe plart.

1983 - Electroconault feasihility study concluded thet

the resource could support a 15 MWe plant for 20 years;
suggested drilling three additiond wellsto maintain

geam flow. Study did not estimate resource stotal
potertid.
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1987 - INDE and LANL began a cooperdive sudy of
fidd.

1987 to 1991 - MK-Ferguson drilled three directiona
wells (1500 to 2000 m) to evauate the deep resarvair;
funded by the IDB. High enthdpy liquid-dominated
resource with amaximum meesured temperature of
300°C demongrated a capacity of 24 MWe.

1988 to 1990 - Geostientific sudies conducted, eg.,
geotectonics, gravity and SEV interpretation, fluid
indusions, and mercury soil samples.

1992 - INDE invited interested companies to submit bids
for the congruction and operation of agecthermd plant.

1993 - INDE reached a contractud agreement with
Orzanil SA. (Ormat) to explait the fidd through the
condruction of a24 MWe binary plant. INDE will
produce the geam; Orzdnil will generate dectriaity.

April 1999 - Hybrid plant (flash seam and binary) to be
online

will buy geem from INDE and sl dectridity to INDE.

Initidly, the plant was to be put into sarvice in 1995.
Condruction was ddayed, however, dueto financing and
bureaucratic problems which have snce been overcome.

FHnandng was aranged by Ormat with assstance from
the Internationd Finance Corporation (IFC). [FC will
invest $14.3 million in the project ($12 million debot and
$2.3 millionin equity). In addition, IFC dso aranged a
$15-million syndicated loan for the project.

Zanil I

LOCATION
198 km west of Guatemda City; 2 km eest of ZUnil I
eedt of the Samda River; 5 km from the grid (San Marcos

Department).

NOTES

Orzdnil (Zanil 1) will be Guatemdd sfird private
geothermd power plant, serving asamodd for the future
development of private gecthermd power in the country.
Ormat Internationd isthe project developer. Orzunil

STATUS

Well(S) or hole(s) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 40-50
TEMPERATURE (EC) 244-280
CHRONOLOGY

1992 - Prefeashility sudies covering an areaof 16 kne
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and funded by the IDB were finished by West Jec.
Induded drilling three dimhole wels and two wdls with
larger diameters (6.5).

Large diameter well Z-21A (757 m) had a measured
temperature of 244°C and produced dry Seam a arate of
35 t/h with 6 ber dos sparation pressure. Thewel found
a“geam cap” which is probably associaed with the degp
gecthermd sysem. The potentid estimated by the Sudy
is40to 50 MWe. Production cannot be tested until the
exploration and development drilling is completed.

NOTES
Resource smilar to Zdnil | but shdlower and codler.
Will be developed as a concession for an | PP.
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Honduras

Population (millions) - July 1998 5.86
Overdl Electrification (% of population) 50%
GDP (billion US$) - 1997 est. $12.7
Real GDP Growth Rate - 1997 est. 4.5%
Inflation Rate (CPI) - 1997 15.0%
Tota Installed Capacity (MWe) - 1995 721
Electricity Consumption per Capita (kWh) - 1997 403
Energy Demand Growth Rate 16.0%
Prices (US¢/kWh) - June 1998

Residential 6.93

Commercial 10.82

Industrial 9.09
Estimated Geothermal Potential (MWe) 990

Power Summary

Honduras s current indtalled dectric power generdtion
cgpaaity is gpproximady 720 MWe, out of which 430
MWeis hydrodectric and 290 MWeisthermd. The

country’ s main hydrodectric fadlity isthe Frandsco
Morazan Dam, which was commissioned in 1985. The plant
has an inddled cgpacity of 300 MW, which represents 70%
of the country’ stotd hydrodlectric power generation
cgpacity. The country’ sdlectricd power sydemiis
compased of four hydrodectric plants five thermd plants,
and two private power generaors. Demand for dectricity
hes increased sgnificantly over the padt few years

Honduras imports 25% of its primary energy.

With Honduras s energy demand growing 16%, the country
IS congdering incentives to increase energy generation with
renewable resources, decrease high fud consumptionin
thermodectric plants, and diversfy energy production.

Hurricane Mitch hit Honduras hard in October 1998. Over
9,000 people died; over 9,000 were missing; nearly 13,000
wounded; there were over 456,000 peoplein shdters and 1
million people were evacuated within Honduras. Four out

of every 9x Hondurans were afected by Hurricane Mitch.

The economic codt of the disagter has yet to be caculated.
According to Presdent Carlos Hores, Hurricane Mitch
destroyed two generations of effortsto build infrastructure,
and robbed hundreds of thousands of Honduran families of
their possessons. In the short-term, the sorm wiped out
about 67% of Honduras s GNP. Offidasin Honduras
cdculae the long-term damage causad by the hurricane a
$4 hillion, twice the government esimate and more than
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the country’ s annud gross domestic product. GDP could
witness zero growth or even contract in 1999 according to
IMF offidds

Preiminary assessments conducted by the IDB found thet
the damage to the dectricity sector in the region has been
minor compared to the damage to roads, schools, bridges
and homes. Some parts of the grid are destroyed as well as
the road to the Cgon Dam. The cogt of fixing the damegeis
edimated to be $6-10 million.

Extrafundswill be rdeasad for the Government of
Honduras (GOH) to invest in recongruction, and debt
repayment has been suspended for three years. The Paris
Club d o offered to write off 67% of Honduras stotd delt
once an IMFbacked reform planisin place. In addition,
the World Bank announced an interest-free US$1 hillion
loan for both Honduras and Nicaragua, and the IMF
approved a US$H67 million emergency loan for Honduras &
0.5%, repayable over 10 yearswith a’5.5 year grace period
(Latin American Monitor, January 1999).

IDB dfficids bdieve Hurricane Mitch could spur SEPAC,
assating thet the need for economic integration in Centrd
Americais now more urgent than ever as countries have to
work together to overcome the disaster (Power in Latin
America, January 1999).

Government / L egislation

Empresa Naciond de Energia Eléctrica (ENEE)

ENEE has suffered from technicd and finencid
shortcomings which have dminished its operaing
potentid. The enactment of aframework lav onthe
dectrica subsector crested the Nationd Electricd Energy
Commission, dlowed the generation of energy by the
private sector and permitted the adjustment of dectricity
tariffsin acoord with cods Neverthdess, energy
digribution continues to be inefficent, with losses of 25%
in the digribution system.

ENEE has afavorable legd framework in place for the
development of resources with apublic bidding process for
aPPA or Build-Own-Operate (BOO) contractslikdy. In
1999, the GOH plansto dlow participation of the private
sector in the digtribution of dectridity throughout the
country. No date has been st for the privatization of
ENEE.

Minigerio de Energiay Minas

The new function of the Minidry of Energy and Mines
Electricity Subsector, isto plan and normdize the sector.

Enerqy Subsector Framework Law (1994)
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Approved on November 3, 1994, the Energy Subsector
Framework Law regulates the generaion, transmisson,
digribution, and commerddization of dectric power in
Honduras, dlowing the private

the end of March 1998 isdso amed a creeting rurd jobs.

No Spedific Law for Geothermd

sector to paticipate in the
generdtion and didtribution of
electric power.

Framework Law of the Eletricity
Sub-Sector (1996)

Honduras gpproved legidation to
encourage invesorsinto rasng
the country’ s renewable energy
generdion. Hrms coming into the
sector will be ableto build aplant

“Santa Rosa
de Copan

0 50 10Dkm
e e e

o 50 100 mi

The spadific incentives which benefit

Caribbean Sea e generdion adtivities by renewable
Islas de ls Behia Islands energy for private invesment const of
il the exemption of the rights of the duty

Fuerto Castila

P. I'-=r1|::'l3:;:rt|es ,_J-‘“m__ﬂ
Tela *LaCeita

San Lorenzo

JJuticapa

TEGUCIGALPA

for theimport of generaion equipment
(Power in Lain America, April 1998).

Puert

Lempira Geothermal Sites/ Projects

Honduras has an esimated 990 MWe of
geothermd power potertid.

. 1 |
without paying sdestax on any of ~av Chole |J
thar materidsfor 15 years e NICARAGUA ;II‘ ENEE began exploring Honduras's
Another 10-year tax brek frees . 1}) geothermd resourcesin the 1970s with
them from income tax. North Pacific i C’b\rﬁ, e i afidd survey of Pavanaunderteken by
COcean

Thenew law covers energy

\ﬁ% \

Geonomics. The urvey was teeminated
A ealy dueto finandd problems. In

produced from biomass or dcohal, solar, tidd or wave
power, aswell as geothermd and hydro energy.

A deveopment fund of $11m will be set up and used by
ENEE, the gate dectricity company, for such renewable
enargy projects. Thelaw passed by the nationd assambly &

1979, anaionwide reconnaissance program identified 128
thermd manifegtations and took water and gas samples a
111 and 11 Stesrespectivey.

In 1980, GeothermEx, funded by the UN, identified Six
Stesof interest; Pavana, Sambo Cregk, El Olivar, San
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Ignecio, Azacudpa, and Plaanares The World Bank
provided $900,000 for geothermd exploration in 1982.

In the mid-1980s, the UNDP and the Itdian Government
funded two Itdian compenies a $3 million, Geotermica
Itdiana sl and Dd, to assess the potentia of centrd

Honduras (Comayagua, Santa Babara-Sula, San Ignacio, and

Azacudpa).

Working in cooperation with the UNDP, in 1985 and 1986
LANL and the U.S. Geologicd Survey, funded by USAID
and the U.S. Department of Energy (DOE) under the
“Centrd American Energy Resources Project,” helped
ENEE evauate the country’s geothermd power generdion
potentid, and prioritize the previoudy identified 9x Stes.
(The $10.2 million-Centrd American Energy Resources
Prgject dso covered CodtaRica, El Savador, Guatemaa,
and Panama))

Paanares, San Ignacio, and Azacudpa (in thet order) were
sdected asthe three best geothermd Stesfor power
generdion usng binary cyde plants Plaanares has
potentid of 10-110 MWe Severd firmsfrom the U.S. and
Ity have approached ENEE regarding development of this
gte (Lawrence, 1998).

Honduras s geothermd resources are located in off-grid,
rurd arees, and geothermd could contribute to the
country’srurd dectrification program. Geothermd

deveopment in Honduras has sagnated, however, dueto a
lack of adequiete finanaing, technicd cgpatiility, and
inditutiond inertia

Azacudpa

B Olivar
Idadd Tigre
Pavana
Patanares
Sambo Creek
Sanlgnedo

Nogh~wNPRE

Azacualpa

LOCATION

In centrd Honduras, part of the Centrd Geothermd
Zone on the Rio Jatique dong the eest Sde of the north-
trending Santa Barbara graden; gpproximately 100 km

northwest of Tegucigd pa (Departamento de Comayagua).

STATUS

Well(S) or hole(s) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 13-36
TEMPERATURE (EC) 129-190
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CHRONOLOGY

1985 - Geology and hydrogeochemidry investigated by
LANL, Tennessee Technologica Universty, and ENEE
as pat of the Centrd American Energy and Resource
Project.

1985 to 1987 - Sudies done by Geotérmica ltdianaand
Dd Intexathrough the UNDP Fund. Induded
geochemicd exploration, geology, geophysics and
drilling dimhde exploratary wels  The two wels found
atemperaure of 115°C a depths of 650 and 500 m.
Maximum messured temperaure is 129°C.  Suitable for

binary cyde generdtion.

El Olivar

LOCATION

Approximatdy 20 km north of Lago de Y gjoaiin northern
Honduras, 50 km south of San Pedro Sula; thermd
guingsaelocated in SulaVdley which isone of the
mogt productive agriculturd aressin Honduras

NOTES

Azacudpa has good potentid, less than Platanares but
equd to San Ignadio, for development as an dectricd
power source (Eppler et d, 1987).

The gte, which conggs of severd hat sarings, is heavily
forested and has canyons up to 100 m deep. Accessishby
rough dirt roads from Zacgpato the village of Azacudpa
The earth’s crugt gppears to be highly fractured and
thinned meking it Imilar to Stesin the western United
Saes (Eppler et d, 1987).

Cdculated base temperature of 180-190°C (Goff et d,
1988). Suitablefor binary cyde generdion.

STATUS

Prdiminary idertificationvreport

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 13
TEMPERATURE (EC) 120
CHRONOLOGY

1985 t0 1986 - Geology and hydrogeochemistry
investigated by LANL, Tennessee Technologicd
Universty, and ENEE as part of the Centrd American
Energy and Resource Project.

NOTES

Dueto low temperature (120°C) and flow rate (200
l/min), compered to other Stes, Bl Olivar isthe leest
promising for geothermd power generation. Thetotd
power output for both hot goring sygemsisonly 1.3
MWe.
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Isla del Tigre

Pavana

LOCATION
Onasmdl! idand in the Gulf of Fonssca

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

LOCATION

In the southwestern part of the country, near the Gulf of
Fonseca 3 km southeast of Pavana, ~200 km from the
intersection of the Rio Agua Cdiente and the Par
American Highway (Departamento de Choluteca).

CHRONOLOGY

NOTES

The GOH through the Minidry of Energy and Mines has
expressed an interest in eva uating the resource with the
am to amdl-scae power generation.

El Tigre hasthe potentid to replace diesd in supplying
the population of Amapdawith dectriaity. Pollution
caused by the diesd power is a serious environmenta
problem. Converting the diesd to geothermd would dso
dlow direct use gpplications rdated to the locd fishing
indudry.

The data does not yet exig to evduate the geothermal
resource’ s assets.

STATUS

Prefeasibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 11
TEMPERATURE (EC) 150
CHRONOLOGY

1970s - Ste sudied by Geonomics, Inc. induding
photogeol ogic mapping and limited follow-up fidd
checking. Preiminary report suggested three cdderas,
due to bankruptcy, company was unable to complete the
project.

Mid 1970s - Geologic mapping by the UNDP and stream
sampling by GeothermEX, Inc..

1985 to 1986 - Studied by LANL and the U.S. Geologica
Survey as part of the Centrd American Energy and
Resource Prgject. Man thermd area hasaminimum
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netura outflow of aout 3000 I/min of 60°C.
Geothermometry suggests areservoir base temperature
of 150°C.

Platanares

NOTES

Supefidd sudiesof priminary geochemicd and
geology have been done. Cdculated base temperature of
150°C (Goff et d, 1988), subgtantialy lower then other
fiddsin Honduras. May be suitable for binary power

generdion.

Pavanaislocated near power lines, amgor paved
highway, and agriculturd projects where its water could
be used for processing.

Oxbow has expressed an interegt in obtaining a
concession for power generation. The geogragphic
Stuation of Pavana, which is near the border with
Nicaragua and doser in rdation to the Active Centrd
American Volcanic Caderawhere severd high enthdpy
geothermd fidds are located, is of great interest and
potentid.

LOCATION

In west-centrd Honduras in the Quebrada Agua Cdiente:
30 km eadt of the Guatemdan border, 16 km west of
Santa Rosa de Copan; 2 km et of the San Andrés gold
mine 710-740 med (Departamento de Copan).

STATUS

Well(S) or hole(s) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 10-110
TEMPERATURE (EC) 225-240
CHRONOLOGY

1985 to 1986 - Studied by LANL, the U.S. Geologicd
Survey, and ENEE; induded extengve geologic
exploraion, geochemidry, and geophysics dudies.

1986 and 1987 - LANL drilled three dim core holesto
depths of 650 m (PLTG-1), 401 m (PLTG-2), and 679 m
(PLTG-3). PLTG-1 and -3 intercepted fractures.

Bottom hole temperatures of 160 to 165°C, initid flow
rates of 356 I/min and 563 I/min for, and maximum

power of 3.12 MW(t) and 5.12 MW(t) for core holes
PLTG-1 and -3 respectively. The downholefluidsare
rdaivdy dilute (< 1200 mgkh TDS) and dightly
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akdine and are nat expected to be corrogve in any
geothermd gpplications (Goff et d, 1991).

Sulfate isotope and geothermometers indicate
temperatures of 225-240°C a depths of 1200-1500 m.

Prdiminary evaduaionsindicate the possibility of
obtaining 10 MWe from the shdlow resarvoir. LANL
recommended sx wells five production and one
reinjection, gpproximeatey 600-700 m deep.

The San Andrés gold mineisa potentid buyer of power
produced a Platanares.

Sambo Creek

LOCATION
In northern Honduras, goproximatdy 1.5 km south of the
village of Sambo Creek (Departamento de La Ceaba).

NOTES

The Platanares geothermd Ste was determined by LANL
to be the best gecthermd prospect in the country dueto
its high geothermometric temperatures (225°C), high
discharge volume (>3000 I/min), and large edimated
reservoir volume (assuming porogty of 10%, estimated
maximum is 16 km?) (Goff et d, 1986).

Prdiminary evduations done by LANL and USGS
indicate the possihility of obtaining 10 MWe from the
shdlow resrvair usng sx wels, five production and one
reinjection, goproximately 600-700 m degp, and abinary
cyde.

Patanares could be agood pilot project for cascading
Use, eg., power generation aswell asindudrid and
agriculturd direct gpplications

STATUS

Prefeasibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 15-17.6
TEMPERATURE (EC) 155
CHRONOLOGY

1977 - Geonomicsinvestigated.
1980 - GeothermEXx investigated.
1985 to 1986 - Studied by LANL and the U.S. Geologicd

Survey as pat of the Cantrd American Energy and
Resource Project.

NOTES
Since no geophysca sudies of Sambo Creek exid to
assessthe resarvair, it would cost more to develop then
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the Pavanafidd (which has an equivaent temperature.

Power output is 17.6 MWe assuming areservoir
temperature of 155°C, an ambient temperature of 30°C,
and an edimated discharge rate of 2000 I/min.

San Ighacio

1985 to 1986 - Studied by LANL and the U.S. Geologica
Survey as part of the Centrd American Energy and
Resource Project; mapped four soring aress.

198510 1987 - Geotermicaltdiana sl and Dd under the
UNDP surveyed ste; sudies induded geochemicd
exploration, geology, geophydcs and drilling adimhole
exploratory well to 500 m.

LOCATION

In centra Honduras, part of the Centrd Geothermd
Zone 3 km northwest of Barrosavillage: 8 km northwest
of the town of San Ignadio; hat saringsisue from the
northern Sde of the broad Vale de Srria a the southern
edge of aridge of the Montafias delaHor; ; ~100 km
north of Tegucigdpa 750-1000 med (Departamento de
Francisco Morazan).

NOTES

After Flatanares San Ignadio (La Tembladerg) is
congdered the second mogt promising Site for power
generaion by binary cyde Thiscondusonisbased on
chemicd and isotopic geothermometry (185-230°C),
naturd discharge volume (600-1200 I/min), and
widespread gnter (> 1kn?).

Accessto the Steisexcdlatt; it islocated near aman
road. The Ste has moderae rdief with little vegetation
and has around 50 hot sarings (Goff et d, 1936).

1977 - Geonomicsinvestigated.

1980 - GeothermEXx investigated.

STATUS

Well(S) or hole(s) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 14
TEMPERATURE (EC) 160-230
CHRONOLOGY
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Population (millions) - July 1998 98.55
Overdl Electrification (% of population) 95%
GDP (billion US$) - 1997 est. $694.3
Real GDP Growth Rate - 1997 est. 7.3%
Inflation Rate (CPI) - 1997 15.7%
Tota Installed Capacity (MWe) - 1995 41071
Electricity Consumption per Capita (kWh) - 1997 1247
Energy Demand Growth Rate 6.0%
Prices (US¢/kWh) - June 1998

Residential 4.87

Commercial 11.06

Industrial 4.20
Estimated Geothermal Potential (MWe) 6,510

Power Summary

Mexican power output reportedly increased 6.5% in 1997.

In 1996, México generated 154,000 gigawett-hours of
dectricity from 36 gigawats (GW) of dectric generating

cgpadity.  According to México's Energy Miniger Tdlez,
the country will require 6 GW more cgpadity over the next
sx years. México isamgor norrOPEC ail producer and
hesthe world' s Sixth largest oil company (Pemex). Of the
country’s current inddled cgpacity, hydrocarbons account
for 54%, hydropower 28.8%, cod 6%, geothermd 2.4%,
and nudear power 2.1%. Under the country’ sindudtrid
energy policy, asgnificant percentage of México's
thermodectric plants are dated for converson to naturd
gas by 2005.

The Comisién Federd de Electricidad (CFE) owns most of
México'singdled dectric generating capecity, however,
thisis beginning to change as CFE lacks the funds needed to
meet México's Soaring dectric power demand.

In August 1998, México's energy secretariat published a
sevenyear plan for itsenergy sector. 1t must meet a
projected increase in dectricity demand of 3.9% to 6% a
year until 2006. Thiswill require more than 12-13 GW of
additiond generating capacity representing $25 billionin
invesment. Private investors are expected to provide the
extra capadity to meat the increase in demand by funding
51% of the $25 hillion investmert.

Low ail prices have dso led to increesing privaization of
México's power sector; oil revenues account for about
40% of government income. The price of Mexican crude
oil dropped to arecord low of US$6.95 abarrd in
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December 1998. For every dallar it drops, the Government
of México (GOM) loses 1% of totd revenue. Inlate March
1998, the GOM was forced to dash federd spending by
$1.1 hillion dueto lower-than-expected ail prices. Recent
budget cuts may force CFE to loosen its grip on the
country’ s power sector and dlow more privaizations. The
GOM'’sindhility to disengage itsdf from dependency on all
revenue has eft the country vulnerable as ail prices drop.
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The mog common form of participation in the condruction
of independent power producers (1PP) has been through
Build-Lease-Trander (BLT) contracts. In the | PP process,
the CFE generdly picksthe lowest bid per kilowatt-hour to
provide dectricty.

Under aBLT dructure, private companies financethe
congruction of the power plant based on turnkey contracts
with respectable contractors. The plant isthen leased to

CFE for operation for aterm sufficient to provide return on
investment. At the end of the term, CFE takes ownership of
the plant.

Ambitious plans are underway to develop México's power
industry under a Build-Own-Operate (BOO) structure but
BLT arangements continue to dominate the devel opment
the power projects. The 100 MWe Cerro Prieto
geothermd plant awarded to Mitsubishi in October 1997 is
aBLT. Project Sructures are assessed on a case-by-case
bass

CFE opened the bidding for three IPPs totding 1,350 MWe
in October 1998, induding a10 MWe geothermd plant a
Las Tres Virgenes and Monterey 111, a planned geothermd
and combined-cycle plant.

Private firms are dready dlowed to build and operate IPPs
but opening up the didribution and sale of energy requiresa
change in the Mexican condiitution.

In February 1999, Mexican Presdent Ernesto Zedillo sent
hill to Congress which wiould dlow private investment in
dectricity generation, didtribution, and sdes. The Energy
Minidry proposad sdlling off generation plant duders
tendering concessionsfor regiond didtribution and control
of anationd tranamisson grid, and establishing afree
dectricty commodity market. The proposd spedifiesthat
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nothing would be implemented until after the 2000
dections thereby taking it out of the pdliticd arena. The
Mexican Congressis scheduled to begin debate on CFE's
privatizetion in March 1999.

While the government fiercdy denied any immediate plans
to invite greeter private participation in the oil sector,
andyds sad the dectricity overhaul could be alitmustest
to see how Mexican society would accept asmilar process
for Pemex.

Government / L egislation

Comison Federd de Eledtricded (CFE)

CFE controls the generation, didtribution, and transmisson
sysem of México. Pressure to privatize the country’s
power sector ems from the CFE sfinancid condraints
following recent budget cuts Despite the pressure, the
country’ s switch to privatized power is ill uncertain.

Secretariat of Energy

Artide 27 of the Conditution gives exdusvity to the date
in dectridity and petrochemicd markets on the bassthet
they are of drategic importance. Amendmentsto the
Condiitution Sate that generation of dectricity lessthan 30
MWe can be private; over 30 MWeremainsthe Sae' s
responghility but concessonsaredlowed. Also, the

Mexican Government dowly but geedily isremoving its
tariff subsdies the co-generation and other sdf-supply
projects (generdly of up to 30 MW) which have been
dlowed snce 1992 will become more atractive, creating
an additiona source of demand.

México operates under Roman Law which prohibitswhat it
does not permit.

Electric Power Law of 1975 — 1992 Amendment

In 1992, an amendment to the Electric Power Law of 1975
was adopted, dlowing domestic and foreign private sector
investment in generation in aress not rdated to the supply
of power to the publicin generd. These aeasare Hf-
generaion, co-generation, independent power production,
and smdl production. Small-scale production is defined as
projects with a capacity lessthan 30 MWe, sdf-supply for
rurd or off-grid communities up to 1 MWe, or exportation
up to 30 MWe.

Independent production is the generation of dectric power
provided by a plant with a cgpacity of more than 30 MWe
intended exdusivdy for sdeto the CFE or for export.
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Geothermd isunder Water Laws

The gecthermd divison of CFE, the Gerencia de Proyectos
Geotermod éctricos (GPG), was trandferred in October
1997 to the Generation area (Subdireccion de Generacion).
Thistrander induded the fidds of Carro Prieto, Los
Azufres and Los Humeros, dl which are part of GPG.

CFE isdirectly respongble for the exploration,
development, and commerdd use of gecthermd energy to
produce dectricity, dthough deve opment, congruction,
and operation of geothermd projects by private companies
are dready permitted.

CFE retains contral of al geothermd projects The
development of geothermd resources currently comes
under Mexican weter law.

Geothermal Sites/ Projects

México has an estimated 6,510-8,000 MWe of geothermd
power potentid.

Geothermd energy accounts for 2.6% of México's power
generation with an inddled capecity of 753 MW, five
plants and 28 units and the potentid to grow to 2,000 MW
by the year 2010. México isthe world' sthird largest
producer of geothermd dectriaity.

México is estimated to have 8,000 MWe of geothermd
resources, second in the world only to Indonesa. The
country’ sfirg geothermd wel was drilled a Pathé El
Grandein Tzipathé, Hidago in 1954, and the Nationa
Commisson of Geothermd Energy created the fallowing
year. Thefird commerdd geothermd plant in Lain
America, a3.5 MWe unit, began its 14 years of operation a
Pathéin 1959.

By 1987, 545 thermd locdities had been identified which
grouped around 1330 individud hot pointsinduding hat
sorings, hot weter shdlow wells, hot soils, fumardles, ec.

The GOM will gop inveding in geothermd deve opment
which accounted for $70 millionin 1997. FHve
plants—Cerro Prigto IV, Tres Virgenes|, Los Azufres|l,
LosHumeros |1, and La Primaveral—will be developed as
BLTsor BOTs Severd U.S. gecthermd companies, eg.,
CdEnergy, Cathness Energy, Cdpine Corporaion, and
Ormat Interndiond, are active in México.

CFE categorizes geothermd gpplications as the following:
. Large centrd plants (100 MW, 300°C) -
compete with thermodectric, ail, and gas

plants, 2to 4 ¢ USKkWh;

. Medium centrd plants (5 MW, 200°C) -
compete with diesd, 7to 10 ¢ USKWh;
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Smdl plants (0.5 MW, 150°C) - isolated
aess, and

Micro plants (20 kw, 80°C) - individud use,

México plansto increase it base of geothermd energy in
one of three ways depending on the resource:

1.

For projects > 10 MWe— CFE will cdl for
open bids from EPC contractorsto develop
under BLTs CFE will have two contracts
onefor geam production and one for power
generdion. Thesewill be Six-year
agreements. CFE expectsto develop 100
MWethisway.

For projects of 300 kW in remote arees—
CFE will purchese and indd| equipment
udngitsownfunds A plant of thisszecan
supply a population of 2,000 and can be usd
for domedtic use, water wdls, and smdl
indugtrid gpplications

Approximatdy 150 t/h of water a 120°C can
produce 1 MWe. The plant cogts
gpproximately $750,000; the economics
depend primarily on thewell (Le Bert, 1997).
CFE hasto date inddled four 300 KW units

For extremdy remote areas— CFE will
initiate a program of ingdling 20 KW
turbines to use warm surface water from
rivers. CFE currently has a patent pending on
this technalogy.

Acoculco Cddera
Arard

Bahia Concepcion
Cerro Prigto

Cerro Prieto Biphase Turbine Project
Domos de Zitacuaro

El Ceboruco-San Pedro
B Catavito
LaPrimavera

10. LaSoedad

11. LagunaSdada

12. Las Derumbadas

13.  LasTresVirgenes

14. Los Azufres

15. LosHumeros

WoNo~WNE

16. Maguaichic
17. Qinaga
18. Pahé
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19. Puertecitos
20. SataRita

Acoculco Caldera

LOCATION

In Centrd México a the extreme eagtern part of the
Transmexican Valcanic Bdt (CVT); 110 km NE of
México City (between the States of Pueblaand Hiddgo).

the Philippines (Cadtillo and Dela Cruz).

1995 - CFE drilled wdll EAC-1 to 2000 m; temperature
of 274°C measured a the bottom of thewel; no
permegble productive zones were found.

1998 - |1E conducted environmentd studies
investigetion induded mgpping of hydrothermd
dteration zones using remote sendng (Rodriguez, 1998).

STATUS
Well(9 or hole(9) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 274-307

CHRONOLOGY
1981 - Regiond reconnaissance sudy carried out
(Romero).

1982 - Geothermd interest confirmed when high ratios
of magmetic sgnificance were messured (Polak et dl).

1986 - Geologica exploration continued; described
extensve zones of hydrothermd dteration accompanied
by cold acid springs and obsarved deed animds around
gas emissons gmilar to “Kapohans’ fegturesfound in

NOTES

“Low permeghility ssemsto be the generd condiition a
production depthsin this zone, 0 it isadvissble to
schedule the next exploratory phase basad on directiona
wells, to have a better chance to target permegble zones.
Attempts to define the geometry of the therma
anomaous area and the feasbility of its commercd
exploitation will be done smultaneoudy” (Lopez-
Hernandez and Cadtillo-Hernandez, 1997).

Arard

LOCATION
Michoacan Sate

STATUS
Well(9 or hole(g) drilled

INSTALLED CAPACITY (MWE) 0
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POTENTIAL (MWE) -
TEMPERATURE (EC) 26-118

CHRONOLOGY
1990 to 1994 - Detaled mgpping done.

CHRONOLOGY
1990 to 1994 - Detailed gratigraphy and geophysica
Studies conducted.

1991 - Sx exploratory and thermd gradient wells drilled,
123 mto 1350 m; found temperatures of 26°C to 118°C.

NOTES

Cerro Prieto

NOTES

Exploration stopped because Araré seemsto be afossl
hydrothermd system, now extinct, as shown by its
present low temperatures and itsintense high
temperature hydrothermd dteration at depth (Quijano-
Leodn and Gutierrez-Negrin, 1995).

LOCATION

In the northwestern part of the country in the Mexicdi
Vdley between the southeest end of the Imperid Fault
and the northern end of the Cearro Prieto Fault; 30 km SE
of Mexicdi, dose to the mouth of the Colorado River;
between 115°12' and 115°18' |ongitude west and 32°22
and 32°26 |atitude north (Bga CdiforniaMeéxico Stae).

Bahia Concepcion

LOCATION
270Lat., 1120 Long. (BgaCdifornia Sur State).

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

STATUS

Power plant(s) on gte

INSTALLED CAPACITY (MWE) 620
POTENTIAL (MWE) 620-1000
TEMPERATURE (EC) 305-350
CHRONOLOGY

1958 - Firgt reconnaissance studies began.

1964 - Four degp exploratory wels drilled; found
temperatures up to 300°C.
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1967 - 14 more wdIsdrilled.

1973 - Frg two 37.5 MWe units of CP-I came online,
1979 - Second two 37.5 MWe units of CP-1 came online.
1981 - 30 MWe unit of CP-l came online.

1981 to 1987 - CP-l11 and CP-I11 ingdled; each with two
110-MWe units.

1989 - Reinjection of waste brine began; up to 40% of
wadte fluid isnow bang injected.

GeothermEx edimated energy sored a the resarvoir's
present exploitation area a 2E16 kJ, representing an
energy sock of 1,800 MWelyeer (figure indudesthe
subtraction of the energy that had been extracted to dete).

1990 - CFE 9gned a contract with CP Latina (now
LatinaCdpine) for their seam supply for aperiod of
goproximatdy 10 years a 800 t/h.

1996 and 1997 - Workovers performed showed that
wells produce from zones degper then average treditiond
feading zones. Results showed thet recovery can be
greeter than 100% in Some cases using an gopropriate
workover technique (Ocampo e d, 1997).

February 1997 - Workshop held a Cerro Prieto to
discuss drilling a6 km degp well in the eestern part of the
field to test the economic potentid of degper production
zones aswel| as conflicting idess about whet lies benegth
the Carro Prigto geothermd fidd.

October 1997 - CFE sdected Mitsubishi to build and
operate the 100 MWe (four 25 MWe condensing units
housed in asingle power house) CP-IV project under a
BLT.

Mitsubishi offered a$797/per inddled kW and a
levelized generating cogt of 2.81¢/kWh.

Oncethe plant is built, CFE will take possession of it
have the right to operateit, and pay aquarterly rent for 15
yearsto meet credit amortizations When thelessing
period ends, CFE will own the plart.

1998 - CP-1V reached finendd dosingin April. 1ssued
cdl for bidsto supply 1,000 t/h of geam for CP-1V
project; steam will be supplied by 20 wels drilled in the
Ejido Nuevo Ledn areato an average depth of 2800-3000
m.

2000 - CP-1V expected to be online by July 30.

NOTES
Cerro Prigto, the second largest geothermd fidd inthe
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world, has nine units operding in three geothermd power
plants (CP-I, CP-II, and CP-111). Thetotd ingtalled
cgpacity of thefidd is 620 MWe—180 MWe from CP-I
and 220 MWe from both CP-II and CP-111. All three are
part of the Bga Cdifornia Electrica Sysem of CFE.

Theordticdly, CP-1, 11, and 111 can supply amaximum
cgpacity of 906 MWe (Oropeza, 1998). More than 240
wedlls have been drilled in the fidd which coversan area
of 15 kn®.

Cerro Prieto’s 1996 capacity factor was 83.4%. In
1997, CFE and CP Latina (Condructoray Perforada
Lating) operated an average of 129 wells, 101 and 28
respectivdy with an average production per well of 36.5
t/h. Sincelate 1995 Cdpine Corporation hasbeen a
partner with Latina (Bedll et d, 1997).

Four additiond 25-MWe units are under congruction as
pat of CP-IV. CP-1V isthefirg geothermd project to
be congtructed in México Snce 1994. 1t will incresse
Caro Prieto’sinddled cgpacity 16% and the country’s
capacity 13% (Hiriart-Le Bert, 1998).

CP-V, to supply an additiond 100 MWe, is under
asesanant.

On of CFE'smain effortsfor 1998 isto improve geam
production in the Carro Prieto fidd, eg., the repowering

of CP-I which isdesgned to save 115 t/h of seam.

Additiondly, a geothermd-gas combined cyde plant
project isbeing gudied. The project would have a 14
MWe gas turbine and 25 MWe geothermd turbine. The
|atter would be designed to operate with saturated or
uperheated seam creeted by hegt extracted from the gas
turbine exhaust and could thus generate 30 MWe & pesk
hours

Fndly, ageothermd-combined cyde plant with
geothermd pre-heeting project isin the prefeasibility
dage Thiswould cong4 of the condruction and
ingdlation of 2440 MWe combined cydeplat. To
lower the summer temperature pesks, athermd inertia
pond could complement the coaling tower.

Cerro Prieto Biphase Turbine Project

LOCATION

In the northwestern part of the country in the Mexicdi
Vdley between the southeest end of the Imperid Fault
and the northern end of the Cearro Prieto Fault; 30 km SE
of Mexicdi, dose to the mouth of the Colorado River;
between 115°12' and 115°18' |ongitude west and 32°22
and 32°26 |atitude north (Bga CdiforniaMeéxico Stae).

STATUS
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Condruction underway

INSTALLED CAPACITY (MWE) 4.178
POTENTIAL (MWE) 4.178-60
TEMPERATURE (EC) -
CHRONOLOGY

1996 - E& Co. lent $125,000 to Douglas Energy Co.
(DECO) and Biphase de México (BIMEX).

1997 - Biphese power plant inddled; minor
modifications needed to address a problem of chemicd
scding. How from Wl No. E-15 added to incresse
power output to 4060 KW.

Wl survey indicated the potentid for three additiond
20 MWeinddldions

1998 - Turbine expected to be indaled; full operation of
plant.

NOTES
DECO and BIMEX designed project to generate power
from wagted geam and brine flow energy.

Theturbine project will generate 4.178 MWe of power.
Roughly one-quarter of thiswill derive from the
centrifugd separation of the seam and brine (geothermd
water) mixture thet flows from Wl No. 103, whilethe

bdance of over 3 MWewill be produced by passng the
separated seam through asmdl turbine atached to the
biphase unit before it flows to the exising main deam
turbine in the power plant. The biphase thus capitdizes on
the deam and brine that would othewisebelogt ina
conventiond cydone ssparator. Theincrease in energy
produced from the well under congderation will be of

the order of 45%.

This sysem has been tested on earlier geothermd fidds
with pogtive results The Cearo Prieto biphase will
further showcase its commerdd cgpadity by generaing
power for CFE. With success, the project isdueto
precipitete duplicate initidives in the Carro Prigto fidd
and in other geothermd areas, and to confirm that
geothermd is both dean and profitable energy.

E&Co'sinvestment played acriticd “but for” rleinthe
biphase project’ s evolution, enabling Douglas Energy to
advanceits negatiations with ather finanaing sources and
present itsdf as bankable to investorsin future projects.

The biphase power plant wasingdled in late 1997 and
has undergone minor modifications to address a problem
of chemica scding. The geam turbine unit has been
fabricated and is expected to be ingdled in the next few
months and be in full operation by the end of 1998,

The prgject isjointly supported by DOE and the
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Cdifornia Energy Commisson (CEC) under the
geothermd |oan program. Additiond support was
recaived from E& Co.

CFE will purchase the power generated by the plant. The
revenue will be used to pay O&M and repay the CEC and
E& Co. loans.

CFE hes gated itsintention to ingd| additiond biphese
power plants when thefirg unit is successfully
demondrated. The optimd inddlation increment
gppearsto be 20 MWe.

Theinddled cog, induding dectricd trangmisson
lines, is esimated to be $11 million or $523kkWh. The
effective geam rateis 51 IkkW (Cerini et d, 1997).

TEMPERATURE (EC) -

CHRONOLOGY
1990 to 1994 - Detaled mgpping done.

NOTES

Exploration sopped due to exisence of an outcropping
metamorphic basement whose fracturing and probable
permestility seem to be very low (Quijano-Ledn and
Gutierrez-Negrin, 1995).

El Ceboruco-San Pedro

LOCATION
21.0Lat., 105.0 Long. (Nayarit Sate).

Domos de Zitacuaro

STATUS
WIS or hole(9) dilled

LOCATION
195 Lat., 100.0 Long. (Michoacan State).

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 23-180

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -

CHRONOLOGY
1990 to 1994 - Hydrology, tectonics, volcanology, and
geophysica studies conducted.

1992 t0 1994 - 10 exploratory and thermd gradient
wells drilled; 124 m to 2801 m; temperatures 23°C to
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180°C.

NOTES

El Centavito

INSTALLED CAPACITY (MWE) 0

LOCATION
BgaCdifornia Sur State

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

0.3

POTENTIAL (MWE) 95
TEMPERATURE (EC) 305
CHRONOLOGY

1980s - Eight wdls drilled in LaPrimavera, detecting a
reservair in fractured igneous rocks with temperatures up
to 305°C (Hernandez-Gdan, 1988).

1989 - CFE planned to ingal 5 MWe wdlheed unit.
1998 - Primaveral obtaining licenses

December 2000 - 75 MWe Primaveral expected online.

CHRONOLOGY

NOTES
Primaverall - 20 MWe under assesament.

NOTES
300 kW plant used for irrigation.

La Soledad

La Primavera

LOCATION
Jdisco Sae,

LOCATION
Jdisco Sae,

STATUS

STATUS
Wal(S or hole(9) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
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TEMPERATURE (EC) -

CHRONOLOGY

LOCATION
Puebla Sate

NOTES

STATUS
Well(9 or hole(9) drilled

Laguna Salada

LOCATION
325La., 1135 Long. (BgaCdifornia Stae).

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

STATUS
Well(9 or hole(9) drilled

CHRONOLOGY
1994 - Exploratory well dilled.

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 112-125

NOTES

Las Tres Virgenes

CHRONOLOGY
1990 to 1994 - Geophysicd studies conducted.

1994 - Three exploratory wdlsdrilled from 1777 to
2396 m; temperatures of 112°C to 125°C.

NOTES

LOCATION

In the Ecologicd Resarve of Deserto de Vizcano, home
to the bighorn shegp and other unique endemic Spedies
35 km NE of Santa Rodiag; areafor devdopment is
limited to 7,500 m?, accessto the areais by an 18-km
long grave road; 720 med (Bga Cdifornia Sur Sate).

Las Derrumbadas

STATUS
WIS or hole(9) dilled

INSTALLED CAPACITY (MWE)
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POTENTIAL (MWE) 25
TEMPERATURE (EC) 245-280
CHRONOLOGY

1984 to 1993 - Geologicd, geohydrology, geophysics,
geochemidry, and petrography studies conducted by
CFE; exploratory boreholes drilled.

1997 - Dirilled saven welsto depths of 1291 to 2500 m;
four wells are producing a 25-30 t/h seam and 50-80 t/h
water, three areinjection. Theweater isdkdi chloride
(sodium-chloride); geothermometer temperatures have
reached 280°C.

1997 - Internationd bidding opened for 10 (2 x 5) MWe
LasTresVirgenes| asaBLT.

1998 - Las Tres Virgenes | due for avard & end of year.

2000 - Frd Stage (Tres Virgenes|); Two 5 MWe plants
expected to be online. Thefirgt unit will be built near
wellsLV-1 and 5, the second near LV-3and 4. Steam
consumption required is 24 kg/s.

2001- Second Stage (Tres Virgenes 11); an additiond 15
MWe expected to be online.

compared to México's other geotherma resources, eg.,
resarvoir located in the basement, low permeghility, low
pressure, and located in an ecologica presarvation area.

Present knowledge indicates that the geotherma
resavair isof amdl szewith limited fluid recherge
(Lopez et d, 1995).

Dueto the locetion of thefidd in an ecologica presarve,
CFE has decided that 5 MWe condensing units are
gopropricte. A binary cydewould aso be possble but
only if it uses seam (CHE has dready bought smdll
cgpacity plantsto use the separated water). The
edimated useful life of the resourceis 25 years

Las Tres Virgenes will supply dedtricity to the smdll,
isolated Santa Rosdia grid where the maximum presant
demand is 6 MWe supplied by diesdl generators a high
cod. A largeincreasein demand is expected.

The goproximate cogt of a 5SMWe plant with two wells
induding exploration is $13 million or 4¢ USKWh (Le
Bert, 1997).

NOTES
The Las Tres Virgenesfidd has different characteridics

Los Azufres

LOCATION
In centrd Mé&xico in the Sarade San Andrés, 220 km
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NW of México City; covers goproximately 11,100
hectaresin andtiond forest protection zone; located in
the Mexican Valcanic Bdt (MVB) between the
19°4530"-19°50'30" north Ietitude pardlds and the
100°38'30"-10074300" west longitude meridians, 2800
med (Michoacan Sate).

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE) 88
POTENTIAL (MWE) 88-610
TEMPERATURE (EC) 280-340

CHRONOLOGY

1950s - CFE initiated geophysicd, geologicd, and
geochemica exploratory sudies

1972 - Exploration renewed.

1977 - Frg production wdls drilled.

1982 - Fird five 5-MWe backpressure units (25 M\We)
went online

1988 - 50 MWe condensing unit began commercid
operdion a& Tgamaniles

1989 - 5 MWe backpressure unit (U-8) began operation.

1990 - 5 MWe backpressure unit (U-9) began operation.

1991 - Maritaro project, to inddl two 20 MWe
condenging units, was bid on but not Sgned.

1993 - 5 MWe backpressure unit (U-10) and two 1.5
MWe binary Ormat units began operation.

1996 - Two 5-MWe backpressure units transferred to
Miravdlesin CodaRica

March 1997 - CFE hdd aseminar in Mordiato discuss
possible geothermd projects

1997 to early 1998 - Unit 7 (50 MWe) down due for
generator repair. Maritaro project canceled.

1998 - Encouraged by contract received on Cerro Prigto-
IV, CFE prepared bid for 100 MWe Los Azufres |
project asaBLT. Edimated totd project costsis $116
million for fidd and plant invesment. O&M cods of
Fdd and Rlantsis 13¢/kWh and 45¢/kWh respectively.
Additiond assumptions 8% interest for 12 years Codt
of generated energy is 2.4¢/kWh and the IRR is 12.7%
(Taboada, 1998).

1999 - Bid expected from CFE for four 25-MWe units
(100 MWe) a Los Azufreslll.
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2000 - 100 MWe of Los Azufres |1 expected online by
dly.

2003 - Bid expected from CFE for two 25-MWe units &
LosAzufres|V.

NOTES

After Caro Prigto, Los Azufres (“The Sulphurs’) isthe
second mogt important geothermd power project in
México. Thefidd hasten plantswith eninddled
cgpacity of 88 MWe—seven 5-MWe backpressure units,
one 50-MWe condensing unit, and two 1.5-MWe binary
units. Of thetotd, 63 MWe arelocated inthefidd' s
southern zone (Tgamaniles), 25 in the northern
(Maritaro).

An average of 19 wdls (out of atotd of 67) werein
production in 1997, dl operated by CFE. Average annud
flow ratewas 830 t/h. Los Azufres s cgpacity factor is
93.6%.

The devd opment Srategy isto inddl condenaing units
on Steswhere there is more knowledge of the resarvoir
and move the backpressure units to Steswhere more
information is nesded.

CFE isincreadng the generation cgpaaity of thefidd to
188 MWe with theingdlation of four 25 MWe
condenang units under the Las Azufres 1l project (E

Chino | and 11).

An additiond 100 MWea Los Azufres|ll and 50 MWe
a LosAzufres 1V are d0 under assessmentt.

According to CFE, recent mathematica sudies
conduded thet the water table has apotentid of 470
MWe—350 in the northern sector and 120 inthe
southern. Volumetric assessments of the resource
indicate thet the Tgamaniles sector can sudan an energy
production capecity of 230 MWe and the Maritano
sector a capacity of 480 MWe (Taboada, 1998).

Environmentd effects due to geothermd production
were observed...Lesking evgporaion ponds, discharging
pipdines and overflowing reinjection wells represant the
princpa contamination sourcesin Los Azufres (Birkle
and Merkd, 1998).

After 16 years of continuous operdtion, the reservoir
pressure has decreased due to the large amount of
geothermd fluids extracted... The average pressure drop
in the south is 0.71 bar/year, and 0.33 bar/year inthe
north...The seam production has been gable or in some
casesincreased, while the brine production has decreased
condderably (Torres-Rodriguez, 1998).

In addition, Los Azufres has been the Ste of the
Geothermd Training Center ance 1995 where CFE
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trains personnd from throughout Latin Americain
geothermd exploraion, enginering, operdions, amdl-
scae plants (10-400 kW), and small-scae direct uses.

CFE is pursuing the devd opment of severd direct use
projects a Los Azufresinduding, in order of priority,
wood drying, fruit dehydration, and agueculture.

Los Humeros

LOCATION

Within the Los Humeros Cadera (a Quaternary Cadera)
in the eestern portion of the Mexican Volcanic Bdt, 200
km east of México City (between Pueblaand Veracruz
Sates).

1990 - Unit 1 began operation.

1993 - Unit 7, last of seven 5 MWe backpressure units,
began operation.

1993 - The Geothermd Energy New Zedand Limited
(GENZL) completed assessment usng the MULKOM
reservoir Smulator; estimated that the reservoir hasan
dectricd generation capacity of 80 MWefor 25 years,
usng asngle porogty modd.

1995 - FHed studied to find out the possihility of
incorporating new turbo-generatorsin Srategic
locations.

2001 - 15 MWe a Humeros |1 expected online by
December.

STATUS

Power plant(s) on Site

INSTALLED CAPACITY (MWE) 35
POTENTIAL (MWE) 35-80
TEMPERATURE (EC) 300-400
CHRONOLOGY

1968 - CFE carried out exploration sudies.

1981 - H-1 wdl drilled to 1458 m confirmed the
exigence of ageothermd resarvair.

NOTES

WEelsin Los Humeros boast the highest recorded
temperaturesin México—400°C. Los Humeros has
seven 5 MWe backpresaure unitsfor atotd inddled
cgpaaity of 35 MWe. 1n 1997, an average of 20 wells
were in production with an average production of 27 t/h.
Los Humeros s capacity factor is 112%. CFE operates
dl thewdls

There are plansto increase the fidd' s production to 50
MWewith theinddlation of 15 MWe under Los
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Humerosll. Inaddition, 25 MWe under Los Humerosl il
IS under assesamant.

In addition, an edible mushroom growing plant, usng heet
from well H-1, has operated a Los Humeros since 1992
The replacement of fossl fuds and/or dectricity by
geothermd sleam has lowered production, incubation,
and pagteurization codts.

Ojinaga

LOCATION
Chihuaria Sate

STATUS
Power plant(s) on Site

Maguarichic

LOCATION
Chihuaria Sate

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

0.3

CHRONOLOGY

STATUS
Power plant(s) on Site

NOTES
300 KW plant used for domedtic uses.

INSTALLED CAPACITY (MWE) 03
POTENTIAL (MWE) -
TEMPERATURE (EC) -

Pathé

CHRONOLOGY

LOCATION
Hiddgo Sae

NOTES

Maguarichic has 600 inhabitants and 150 houses. The
power produced by the 300 kW plant is used for
domestic uses.

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)

35
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TEMPERATURE (EC) -

CHRONOLOGY
1954 - Hrg geothermd production well drilled in
México.

1959 - Frg commerdd geothermd plant in Latin
America, anoncondensng 3.5 MWe unit, began
operation.

1973 - Unit teken offline due to seam supply problems.
1990 to 1994 - Tectonics studies conducted.

1994 - Exploratory well drilled.

TEMPERATURE (EC) -

CHRONOLOGY

NOTES
300 kW plant used for tourism.

Santa Rita

LOCATION
205 Lat., 1025 Long. (Jisco Sate).

STATUS
Prefessibility sudy

NOTES

Puertecitos

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 160

LOCATION
BgaCdifornia State

CHRONOLOGY
1990 to 1994 - Detalled magpping done.

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE) 0.3
POTENTIAL (MWE) -

NOTES

Exploration sopped because dl rhydlitic domeswere
much older then anticipeted (Quijano-Ledn and
Gutierrez-Negrin, 1995).
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= Nicaragua
Population (millions) - July 1998 4.58
Overdl Electrification (% of population) 48%
GDP (billion US$) - 1997 est. $9.3
Real GDP Growth Rate - 1997 e<t. 6.0%
Inflation Rate (CPI) - 1997 11.6%
Tota Installed Capacity (MWe) - 1995 430
Electricity Consumption per Capita (kWh) - 1997 313
Energy Demand Growth Rate 6.1%
Prices (US¢/KWh) - June 1998

Residential 14.19

Commercial 15.85

Industrial 12.45
Estimated Geothermal Potential (MWe) 3,340

Power Summary

Nicaragua has the lowest per capita dectricity consumption
and the leest effident energy production in Centrd
America Only 48% of the population has accessto

dectriaity. Nicaragua currently has nine power plantson
the nationd grid: two thermd, two gas, one geothermd,
two hydro, and two mini-hydro. Many of the plantsare wel
over 20 years old and little maintenance has been done
sgnce 1979.

Nicaraguais anet importer of petroleum, spending US$H44
million per year; 60% of the country’sinddled capaaity is
thermd power. The bdance of Nicaragud sinddled
capadity is 5% gas, 11.5% gecthermd, and 22.5%
hydrodectric.

In order to satisfy the growing demand for dectricity under
the Plan of Expandon, 1997-2015, projectionsindicate the
necessity of putting into operation an additiond 1,159
MWewhich indudes retiring 280 MWe. Of thistotd, 185
MWe would be from geothermd power, Spedificdly: 20
MWe from Momotombo, 50 MWe & San Jacinto-Tizate,
and 70 MWe a Bl Hoyo-Monte Gdén. Rurd
dectrification is anather priority of the Government of
Nicaragua (GON).

The GON hopesto dtract private invesment over the next
few yearsto hdp fill itsimmediate energy needs focusng
on projects with short completion dates. The Sate utility,
Empresa Nicaragliense de Electricidad’s (ENEL), ability to
atract investment will be affected by itsweek finendid
position and losses, edimated as high as 6% of GDP, which
are further undercut by the GON'slarge baance of
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payments defict. Delt rdief following Hurricane Mitch,
plus ENEL’s efforts to cut losses and increese tariffs, may
promote dditiond foreign investmen.

Nicaragud s long-term plans focus on deveoping its
sgnificant geothermd resources. Also in the long-term,
Nicaragua anticipates being a net exporter of energy to
SEPAC, the Centrd American interconnected grid.

Although not to the extent in Honduras, Hurricane Mitch
caused subgtantid damagein Nicaragua: The country
egimates its economic damage from the hurricane a $1
hillion, 47% of itsannua GDP. Mud dides caused by
excessveran killed more than 1,500 people near the
Cagta Valcano and completdly destroyed the towns of El
Porvenir and Rolando Rodriguez.

In the power sector, Hurricane Mitch brought down more
than 500 dectriaity poles, 150 trandformers, and 37,000
meters of trangmisson lines manly inthe Matagdpa,
Jnotega, Madriz and Somoatillo Depatments. The damage
caused ENEL’ s generation capacity in Managuato drop
from 57.4MWeto 37.4MWe d the Santa Barbara
Hydropower Plant (50 MWe) where some of the reservoirs
werefilled. The IDB esimates that $6m will be nesded to
repair the dectricity sector in Nicaragua

The GON launched an economic reform, pro-businessand
pro-trade program in 1990 following dections held after

the Sendinidd s 12-year dictatorship. The Chamorro
Adminidration privatized 351 date enterprises, lowered
inflation from 13500% to 12%, and cut foreign debat in
half. Presdent Aleman was dected in 1994.

Government / L egislation

Empresa Nicaraniense de Electricided (ENEL)

ENEL, the date utility, handles the explaitation, transport,
and didribution of the dectricity produced by any type of
plant. The GON plansto sdl-off the generation and
didribution asssts of ENEL in 1999 but retain the
company’stranamisson divisonsin date hands
Pricewaterhouse Coopersis conducting astudy of ENEL in
the lead-up to privatizetion.

|ndtituto Nicaragliense de Enargia (INE)

The energy sector of Nicaraguawas nationdized by the
Sandanidasin 1979 and dl municipa power companiesand
rurd eectric cooperatives were absorbed by INE. In early
1995, INE s budness functions of supplying dectricity to
the public were trandferred to ENEL.

INE isrespongble for regulating, supervisng, and
contralling Nicaragua s energy sector and for goplying the
energy polides st by the Comison Naciond de Energia
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(CNE). Itisexpected thet INE will be privatized within the
next few years

El Deparamento de Recursos Geotémicos of INE is
responsble for geothermd deve opment in Nicaragua

Law No. 272 - Electrica Indugry Law (April 1998

The new Electricd Industry Law establishes thet the
privatization of the country’ s generaion, disribution, and
commerddizaion attivitieswill oocur two years ater the
Law' senactment. The Law dso establishes the legd
regulaions for the generation, didribution,
commerddization, and import and export of dectricity.

The Law givesthe GON the authority to privetize generaion
and didribution, induding the privatizetion of ENEL within
two years of passsge of theLaw.  Trangmisson will remain
with the State. (BOO and BOT contracts were dlowed for
private generdtion companies prior to the passage of the
Law.)

Eledtricd indudrid adtivities mugt adhereto the fallowing
objectives

. Quadlity, continuity and security in dectricd
svice,

. Minimization of the cost of dectricd
savice, basad on the efficient use of energy
resources,

. Promation of an effective competition and
dtract private cpitd,

. Promation of the efficient use of dectridity,
and

. Provide dedtricd sarvice following rulesfor
environmenta protection and indudtrid and
persond sety.

In addition, the Law establishes a gpot and forward market
for dectriaty, dlowsfor the free import and export of
dectriaty, provides athree-year tax moratorium on
imported machinery and equipment used in energy
generation and didtribution, and guarantees an indefinite tax
bresk on dl kinds of fud used in dectricity generation.

Findly, the Law crested the Comison Naciond de Energia
(CNE). CNE isin charge of forming the objectives,
policies, drategies, and generd guiddines for the country’s
energy sector.
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Ante-proyecto de Ley de lalndudtria Geotérmica (Dreft
Geothamd Law)

The Dreft Geothermd Law providesalegd framework
which is designed to protect the country’ sinterestswhile

encouraging the _
da/dw Of o] 50 L0 b :
mmm L] B0 100 i 3
resources and
o HONDURAS

edablishing a "/—{ |
regimefor the o’
privatesector Puerto Cabezas ¢’ Miskitos
development of |
those resources. r :

A== (,ﬂ,—;_-;-;&q_.-,

. \ 24
The Draft Law G D}m - ::atagalna
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of conoession: Sandino o e Bluefisldst Isles'del
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e(pl oitation. It \FTM%‘\\C}:, o Micaraygue {
outlines three Seps Narth E?&f'ﬁ.’:‘ o, }San Carlo\
for developing a Pacitic e
project: aoquiring s COSTARICA \
an explordion s

concesson, acquiring aPPA, and acquiring aforagn

permission document. Additiondly, the project devel oper

must post abond equd to 25% of the total project cog.
The core concepts of the Draft Law are:

. Geothermd resources are the property of the
Sate.

. All ativities related to exploring and
exploiting geothermd resources are of
netiond interest.

. For dl legd purposes, gecthermd
resources are declared for public use and

raiond exploitation.

. The granting of an explaitation
concesson is given on the goprova of

INE thet:

1. the soliciting company presantsa
Deveopment Plan for the project,
and

2. firg draft of acontract for buying
and Hling the eam between the
concesson and ENEL or its

QICCESOY.

. Incentivesto private invesment.

The U.S. geothermd indudtry, through the Geothermd
Energy Assodation (GEA) and DOE, has commented on the
Draft Law. The arealimitations on concesson 9zewas
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identified as one of the more problemétic provisonsin the
Draft Law which were limited to 100 kn? for exploration
and 20 kn for exploitation. GEA aso recommended thet
the requirement that seam be sold to the Sate a an
edablished price be diminated. The complex and
redrictive regulaions may put Nicaraguain aless
competitive postion vis-avis other countries and dissuade
fordgn invesmen.

To date, Nicaragud s goproach to geothermd development
has been to grant exploitation permits to private companies
on anegoatiated bass. Once the resource has been
identified, the GON will put the project out to bid, offering
apreference to the company thet conducted the initid
resource assessment.

The GON cannat offer any pricing incentives;, geothermd
prices must be competitive with those of thermd and other
power projects. It is estimated that geothermd can be
priced a 6.5¢/kwWh & Bl Hoyo-Monte Galén while Enronis
offering to I resdud ail to offshore barge plants for
power generation a 5.5¢/kWh.

The Tax Law (Ley de Judicia Tributaria)

The Tax Law exempts dl equipment and mechinery
earmarked for dectricity generation for public use
Companies are d 0 exempt from taxes until they recover
thar invesments

Genead Law of Environmental and Naturd Resources No.
217-96

The Law assgns gectherma concession under the
framework of lavswhich regulate natura resources,
fundamentally, hendles geathermd as amining resource.

Geothermal Sites/ Projects

Nicaragua has an edimated 2,000-4,000 MWe of
geothermd power potertid.

The GON has asa priority the development of geothermd
power and sessitsrole asfadlitator rather than devel oper
or operator. The GON’sgod isto have 200-300 MWe of
geothermd inddled capecity by 2001

On October 11, 1994, the GON presented aplantothe U.S.
to develop 500 MWe of geothermd cgpacity over the next
12 years, the plan was discussed a the Summit of the
Americas (Lavrence, 1998).

Nicaragua annudly spends US$44 million to import ail for
dectric generation. Theinddlation of geothermd power
plantsfor baseload could rgpidly displace thermd plants
and hdp the country’ strade bdance. The deve opment of
Nicaragud s geotherma resources would not only solvethe
energy crigsof the country, but would make it an exporter
of energy to the rest of Centrd Americathrough SEPAC.

Geothermal Resources in Latin America & the Caribbean

76



With SEPAC, Nicaragua could develop more of its
geothermd resourcesto sdll as basdoad to the region
while importing pesk load capadity. Without SEPAC,
Nicaragua would deveop only those geothermd resources
it can use domedticaly or export as basdoad to its
immediate neighbors

Nicaraguais endowed with large geothermd potentid due
to the presence of volcanoes of the Marrabiosrange dong
the Padific Coadt.  Geothermd investigations begen in
1966 with asudy by the Itdian company, Electroconsult.
In June 1969, the GON signed a contract with Texas
Ingruments Inc. to carry out a geothermd reseerch program
inwestern Nicaragua. Completed in 1971, the Sudies
identified two Steswith high enthdpy potentid:
Momotombo and Sen Jedinto-Tizate. Following the
catagtrophic earthquake of December 1972 which leveled
Managua, the GON cut the program.

The commerad explaitation of Momotombo Sarted in
1983, when thefirg unit of 35 MWe was put in operation.
The second unit of 35 MWewasinddled in 1989.
Geotherma energy accounted for 11.55% of Nicaragud s
dectricity generdtion in 1997. Dueto poor maintenance of
its seam wedls and over-deved opment of the resarvair,
Momotombo was only produding 12 MWe as of Summer
1998. The GON hasissued two bids for fidd reclamation.

Geothermd invedtigations identified ten aress of grestest
interest: CosgliinaVolcano, Cadita-San Crigtdbd Volcano,
Tdica-El Ngo Volcano, San Jacinto-Tizate Volcano, El
Hoyo-Monte Gaan V olcano, Momotombo Vol cano,
Managua-Chiltepe, Tipitgpa, Masaya-Granada-Nandaime,
and Idade Ometepe. With the exception of Ometepe, dll
of the zones are high enthalpy.

Currently, one project isin deve opment (San Jacinto-El
Tizate), onein the Sudy sage (Masaya-Granada-Nandame),
and three with concessons (El Hoyo-Monte Gdéan, El
Nagjo-Santa Issbel, and Triton Mining Corporation). In
addition, Nicaraguan authorities are undertaking astudy to
identify 60 rurd, amdl-scde geothermd Stes Twelve

have been identified to date (Germain, 1998).

Casita-San Cristoba
Cogglina

B Hoyo-Monte Gdan

El Najo-Santa | ssbel
Geothermd Energy Mader Flan
Idade Ometepe
Managua:Chiltepe
Masaya-Granada-Nandaime
Momotombo

Negrote-La Paz Centro

San Jacinto-El Tizate

Tipitepa
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13.  Triton Mining Corporetion

Casita-San Cristobal

LOCATION

Volcan Castaislocated within the CordilleraLos
Marrabios, a 70 km long volcanic chain thet extends from
the northern shore of Lake Managuato Chinandega, 1405
med.

completdy destroyed.

The disaster waas produced by the coincidence of two
discrete events  an avdanche on the southern flank of
Volcan Casita, and extreordinarily heavy rains. Normd
October ranfdl is328 mm. October 1998 ranfal
totded 1984 mm, more than Sx times normd.

NOTES

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

Cosiglina

LOCATION

Located in the extrame north of the CordilleralLos
Marrabios near the Gulf of Fonsecain Chinandega, dose
to the Pacific Coadt.

CHRONOLOGY
October 1998 - Hurricane Mitch triggered a deadly
avaanche and breskout flow of Volcan Cadta

The mud dides killed more than 1500 people, displaced
hundreds more, destroyed severa towns and settlements,
and disupted the Pan American Highway a numerous

bridges

Thetowns of Bl Porvenir and Rolando Rodriguez,
comhbined populaion of goproximatdy 2000, were

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

NOTES
Volcan Cosigliina has been sdlected to be a pilot project
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for rurd dectrification and direct use of alow enthapy
geothermd resource. The arealis predominantly an
agriculture zone, and low-enthdpy geothermd fluids

could be usd intengivey to dry grains in fish faming,

and in greenhouses. The project Ste would be located
off-grid and power generated by the plant would serve the
locdl rurd population.

Thisgteisin the vaery beginning Sages of deveopmentt.
Geothermd potentid is not known.

El Hoyo-Monte Galan

LOCATION
Within the CordilleraLos Marabiosin wesen
Nicaragua, 50 km north of Managua.

STATUS
Exploraion concesson

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 150-200
TEMPERATURE (EC) 200-250

CHRONOLOGY
1980 - OLADE with funding from the Itdian
Government, conducted a prefeesibility Sudy.

1985 - French company, SPEG, made a magneto-tdluric
Sudy of area.

1994 - Agreament in Principle Sgned by the GON and
Trans-Pacific Geothermd Corporation (TGC).

December 1995 - INE granted a geothermd exploration
concession to TGC to determine the possibility of
generaing 50-150 MWe using geothermd fluids

January 1996 to February 1997 - TGC performed severd
geologic and geophysicd invedtigationsinduding
andysss of satdlite and aerid photo imegery,
microearthquake sudies, ground magnetic (GM) survey,
sdf potentid (SP) survey, MT/ICSAMT survey, one-
meter temperature survey, geologic mapping and ges
geochemidry. The GM, SP, MT/CSAMT, and one-meter
temperature surveys, dataintegration, and find report
were funded in part by the U.S. Department of Energy.

The dudiesidentified various anomdiesindicating a
large geotherma resource characterized by shdlow
sagniaty, fumarde activity, surface fractures, and high
subsurface temperatures.

Eight prdiminary dimhdle drill Steswere chosento test
the following four areas upper regions of the El Royo
and Picacho Vol canoes, east-northeest base of the El
Hoyo Volcano, Carro Colorado, and thering fracture
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sysem of Monte Gaéan Cddera

Basad on volumeric cdculaions and an integrated
andysis of geostiantific data, the potentid of the TGC
concession isedimated a 120-150 MWefor 30 years a
El Hoyo, and 40-50 MWefor 30 years a Cerro
Colorado.

TGC 9gned a Joint Venture Agreement with Cdpine
Corporation.

Present - TGC-Cdpine negatiating a PPA with ENEL;
arangng adrilling parmit for aght dimhdewdls
Drilling will begin upon sgnature of a PPA with ENEL.

Assuming 105 MWe a 95% availdaility, the project
would prevent the emisson of 527,7890 metric tons per
year or 18,5 million metric tonstotal of CO2 over 35
years Usng avaue of $15/ton (the Nevada Public
Savice Commisson vduein 1992 dallars), the CO2
offset would equa $8 million per yesr.

E& Co. provided invesment support to asss TGC during
thefind negotiations of the three agreaments necessary
to advanceto finencing: the PPA with ENEL,, the
exploration concesson, and the investment contract with
the GON.

NOTES
The ogjectiveisto ingal 105 MWein three 35 MWe
modules. The edimated priceis 6.5¢/kWh.

The cogt of a50 MWe plant, induding dl capitd cods,
interest during condruction, insurance, Sart-up costs,
and contingendiesis esimated a $135 million; for the
tota 105 MWe, $260 million.

El Hoyo-Monte Gaan has been gpproved under the U.S.
Initigtive for Joint Implementation (USI). USJ gives
catificates to projects which reduce or avoid CO2
emissons. Yet to beresolved isthe worth of these
catificates, how they can be* commeradized”

El Najo-Santa Isabel

LOCATION

Located adjacent to San Jecinto-El Tizate, east of Leon.
STATUS

Exploration concession

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 60
TEMPERATURE (EC) 235-265
CHRONOLOGY

August 1997 - Unocd GeotérmicaNicaragua SA., a
subgdiary of Unocd Geothermd Internationd, recaived

Geothermal Resources in Latin America & the Caribbean

80



an exploration concesson for 100 kP in August with a
proposd to inddl a60 MWe plant.

Unocd caried out the following adtivitiesin the last
Quarter of 1997: geologicd mapping, geochemigry
sudies, geophyscd surveys, and sadliteimege
interpretation. Gas geochemidry dataindicate
temperatures of 235°C and 265°C.

Present - Unocd is negatiaing a PPA with ENEL.

1998 - Geothemd Energy Magter Flan funded by the
IDB. GeothermEx sdected by internationd bid.

NOTES

Geothermal Energy Master Plan

LOCATION
Countrywide

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) NA
POTENTIAL (MWE) NA
TEMPERATURE (EC) NA

CHRONOLOGY
1982 to 1983 - Reconnaissance funded by IECO and
OLADE.

NOTES

The Mager Geothermd Energy Plan’smain objectiveis
to reevduate and dassfy Nicaragud s geothermd
resources in terms of dectrica generdtion potentid, and
to plan for the exploration and devel opment activities
thet will fallow.

Funded by the IDB, the Magter Flan will dso hdp
edtablish limits and concession conditions for private or
date companies, sarving a the same time as a document
to present and promote the geothermd areas of the
country. For each arealidentified, the Flan will indude
the falowing informetion:

(1) Generd destription and geographic limits,

(2) Degtription of avalable saentific data,

(3) Additiond geoscientific invedigations,

(4) Data synthesis and reinterpretation,

(5) Devdopment of aprdiminary geothermd modd,
(6) Prdiminary evauation of the resource, in terms of
eectrica power,

(7) Evduation of environmental agpects,

(8) Spedification of studies needed to reach the
feedbility gage, and.

(9) Edimation of the cogtsto reach the feesibility stage.
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Isla de Ometepe

LOCATION
Anidand located in Lake Nicaragua, gpproximatdy 120
km from Managuaand 17 km from the neares mainland.

STATUS
Prdiminary identification/report

replace this expensve investmett.

The GON hastargeted the idand of Ometepe for tourism
devdopment. In 1997, less than 20,000 tourigts vidited
theidand which presently has 90 hotd rooms. The
German ad agency, GTZ, isassding in the devdopment
of atourism plan for Ometepe.

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

Managua-Chiltepe

LOCATION

CHRONOLOGY
1980 to 1981 - Identified during reconnaissance.

1998 - $100 million IDB program to indude
Interconnection via an underwater cable to the idand
under congdderdion.

STATUS
Preiminary identification/report

NOTES

Ometepe has been sdlected to be apilot project for rurd
dectrification and direct use of alow enthapy
geothermd resource. A barge loaded with diesd fud
mekes aweekly run across Lake Cocibolca, which hosts
unigue gpedies, to theidand generdting gation. Therisk
of anaccdentishigh. The planisto condruct an
underwater cable from the mainland to theidand.
Deveopment of geothermd power on theidand could

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

NOTES

Masaya-Granada-Nandaime

LOCATION
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STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

POTENTIAL (MWE) -
TEMPERATURE (EC) 220-300

CHRONOLOGY

1980 - OLADE conducted a prefeesibility study with
Itdian cooperation; identified area as having great
prospects for geothermd deve opmerntt.

NOTES
The GON has asked the European Union to fund a

feasihility study.

Thisprgect is not induded in the Geothermd Energy
Magter Flan dueto its early development Stage.

Momotombo

LOCATION
On the southern dope of the Momatombo Volcano,
1200 mad, inthe CordilleraLos Marabios

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE)

70

CHRONOLOGY
1966 - FHr4 information from the government rdated to
geothermd adtivity in Nicaragua

1969 - Hrd sysematic investigations were begun with
support from the United Nations, objective wasto
identify ingdling a30 MWe plant in ather Momaotombo
or San Jecinto.

1971 - Report identified Momotombo as an areawhich
had characteridtics gppropriate for exploitation.

1974 - GON contracted Electroconsult and other
companiesto drill four exploratory wells and conduct a
feedbility sudy; showed the feasihility of a35 MWe
plant.

197510 1978 - GON hired Energéticos and CdEnergy to
complete thefirg phase of drilling; 28 wells drilled to
depths between 320 and 2250 m.

1982 t0 1984 - Second phase of drilling carried out; Sx
wdlsdrilled.

October 1983 - FHrd Ansado 35 MWe unit came online.
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1989 - Second Ansddo 35 MWe came online.

1998 - Two units combined production was 12 M\We
from gx wdlsas of June

1998 - ENEL issued arequest for apublic bid for fidd
redamation and plant rehabilitation; pre-qudified four
internationd geothermd development companies

(Oxbow, Bufete Indudtrid, Caithness, and Ormat). Of the
four companies, only Ormat submitted abid and, dueto
Nicaraguan law, the bidding process was voided and a
second request for bidsissued.

The program proposed isa 15-year development,
operation, and maintenance concesson and PPA. ENEL

will keep title to the plant, well fidd, etc.

NOTES

Formdly known as the Centrd Geothermd “ Petricio
Argidlo R” Plant, Momatombo hastwo 35 MWe
sngleflash unitswhich have been online snce 1983 ad
1989 respectivdy. Thefidd, induding 43 wells, was
developed and is operated by ENEL.

Momotombo has an inddled cgpacity of 70 MWe but,
due to reinjection and over-development problems, is
currently producing only 12 MWe. Of its43 wels, only
6 are operaing.

Thefidd prindpaly is producing from ashdlow
resarvoir of lessthan 1000 m. Al geothermd fluids
have been discharged into Lago Managua; thereisno
reinjection.

Due to the overexplaitation of thefidd and atotd lack
of reinjection during the 1980s, the power output &
Momoatombo has dedined Sgnificantly. Asof June
1998, the plants combined production was 12 MWe,

Geologicd sudiesindicate that both intermediiate
(1000+m) and deep (2500m) gecthermd resarvoirs exist
a Momatombo. Thereis suffident evidence to verify
the exigence of a least 35+ MWe of geothermd steem
and avery srong posshility of bringing the fidd back to
the full 70 MWe or more (Dick, 1998).

Under the Stabilization Project implemented with funds
from the Invesment Fund of Venezuda (F1V), ENEL
directed the drilling of three production replacement

wells (MO-41, MO-42, and MO-43) of which only MO-
42 was uccesstul, producing 3 MWein deble
production ENEL hasissued two bidsin 1998 for fidd
redamation and plant rehabilitation.

The price for dectricity produced a the Momotombo
Power Flant isvery high, 4.8-5.3¢/kWh compared to 3.5-
4.0¢/kWh for hydro-power. Plants on the fidlds under
devd opment will have prices comparadle to those found
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in other Centrd American countries, 5.0- 5.5¢/kwh.

Nagrote-La Paz Centro

POTENTIAL (MWE) 25-120
TEMPERATURE (EC) 200-289

LOCATION
Located on the banks of Lake Managuaimmediady to
the south of the Momatombo fidd.

STATUS
Concesson

POTENTIAL (MWE)
TEMPERATURE (EC)

INSTALLED CAPACITY (MWE) 0

CHRONOLOGY

NOTES
Caithness was awarded an exploration concesson.

San Jacinto-El Tizate

LOCATION

STATUS
Concesson

CHRONOLOGY
1971 - Report identified San Jacinto-El Tizete asan area
which hed characterigtics gppropriate for exploitation.

1980 - OLADE, with funding from the Itdian
Government, conducted a prefeasibility sudy.

May 1993 - Intergeoterm, a consortium composed of
ENEL and the Russan company, Burgazgeoterm (22.2%
and 77.8% ownership respectively), recaived an
exploration concesson from INE; initid plan to indall
115 MWe,

1993 t0 1995 - Intergeoterm drilled seven exploration-
production wells a depths between 724 and 2335 m; lagt
wdl (S37) was nat finished dueto finendd problems,
encountered temperatures of 264°C to 289°C; wedll tests
indicated cumulative capacity of wels S34, S35, and S
61525 MWe

Presant - In order to continue the deve opment activities
a San Jacinto-Tizate, Intergeoterm is searching for a
finanadly srong partner.

INSTALLED CAPACITY (MWE)

NOTES
The plan isto congruct seven power units with atotd
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capaaity of 120 MWe and atotd cost of $250 miillion,
beginning with two 25 MWe units

The badc equipment, eg., turbines, generators,
separators, and fittings for the firg gage of the 51 MWe
fadlity (2 x 2.5 + 2 x 23) has been manufactured in
Russa The advanced avil works on the deem fidd are
completed (Povarov, 1998).

SC Kduga Turbine Rlant (KTZ) has manufactured two
geothermd power plants of unit container type which will
be shipped assambled. The prototypes for these turbines
were units manufactured by KTZ that have been usad for a
long time for driving feed pumps a nudear power
gationswith VVER reectors of 1000 MWe capaaity.
These turbines have an exceptiondly efficient flow path
and arevay rdiable. During thelagt 20 years of
operation, no blades or rotors have faled and there were
no other accidents (Povarov, 1998).

The project isgdled dueto lack of finandng.
Intergeoterm is currently talking to severd potentid
partners induding Damler-Benz, in order to obtain the
finendd cgpablity to continue the fidd' s devd opment.
Once apatner isfound, ENEL will ceaseitsinvalvement
in the project.

LOCATION

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

NOTES

Triton Mining Corporation

LOCATION

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 5
TEMPERATURE (EC) -

Tipitapa

CHRONOLOGY
Triton isaranging permits with the Minigerio dd
Ambientey Recursos Naturdes (MARENA) and INE for
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its proposd.

NOTES

Dueto the high cogt of energy in the areawhich Tritonis
exploring, the private Canadian company has proposed a
concession of an areawith geothermd potentid for the
inddlaion of agmdl 5 MWe unit.
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Population (millions) - July 1998 273
Overdl Electrification (% of population) 67%
GDP (billion US$) - 1997 est. $18.0
Real GDP Growth Rate - 1997 est. 3.6%
Inflation Rate (CPI) - 1997 1.2%
Tota Installed Capacity (MWe) - 1995 985
Electricity Consumption per Capita (kWh) - 1997 1213
Energy Demand Growth Rate 6.0%
Prices (US¢/kWh) - June 1998

Residential 12.05

Commercial 11.86

Industrial 9.96
Estimated Geothermal Potential (MWe) 450

Power Summary

Panamé has congderable patentid for hydrodectric
generation which currently acocounts for 61% of the

country’stota indaled cgpadity. Thermd makes up the
remaining 39%.

Invesment in new dectricd generaion projects has been
low over the lagt few years with IRHE devoting Sgnificant
resources to the maintenance of exigting plants which were
nat properly mantained during the find years of the
Noriegaregime Thispalicy, dong with the upgrading of
the Fortuna hydrodectric plant, has enabled the country to
me<t its current demand. New investmeant is nesded,
however, to meat future anticipated demand which is
growing by goproximatdy 45 MWe per year.

Because the date power company. Indituto de Recursos
Hidraulicos y Eledtrificacion (IRHE) does not have the
finandd resources to undertake the invesment required to
meet future demand, the Government of Panama (GOP)
decided on privaization. IRHE s generation codsare
among the highest in the region—10-12¢/kWh.

IRHE isawaiting bids for the 130 MWe Esti hydrodectric
project; another tender is open to purchase energy froma
100 MWe thermd plant to beingdled and operated by the
private sector. Additiondly, the 120 MWe Gudaca
hydrodectric project is scheduled for completion in 2005.

The IDB agpproved a$79 million loan to further Panamd s
dectridty reforms, hep overcome bottlenecksin
infrasiructure, and advance SEPAC.
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The Panama Cand isimportant to world energy markets as
amgor trangt center for ol shipments and a potentid
choke paint . Contral of the cand will revert from the
United Sates to Panamaat noon on December 31, 1999.

Government / L egislation

private generators for ddivery to the digtributors, with the
exception of large buyerswho can purchase directly from
the generators

ThelFCisguiding IRHE in the privatization process,
induding preparation of tender documents.

Indtituto de Recursos = Law No. 6 (February 1997)
Hidraulicosy S _ L
Electrificedion IRHE) | %951 L“‘ s ETY The new dectridity law promotes

; p  TECGEERE oo aan k competition, alows private invesment in
Penamaisresructuring | AT e generation, and provides for service
its dectricity sector. .. . @ Cesni O\ improvementsin the dectricity sector by
IRHE, the Sate power il T s, s Y "2 | gilitting IRHE into eight new comperies
comparly which was L B Al but the transmission companies will be
Craaj in 1961’ h$ Monh Facie Gean 5 e prlezed

been divided into four
generdtion companies, three didtribution companies, and
onetranamisson company for de

Hfty-one percent of the shares of the didtribution
companies have dreedy been sold; 39% will be retained by
the government, and 10% will be sold to the unionized
IRHE workers. The GOP will retain 49% of the sharesin
the four generation companies, 49% will be sold, and the
remaning 2% will be trandferred to the workers.

The GOP will retain contral of the transmission company
which will act asthe main buyer, acquiring power from the

The Law egtablishes amaximum of 20% of the nationd
ingaled capadity for any individud private project or
company. Additiondly, thetotd participation of private
gengraion islimited to 45% of the country’stotd inddled
cgpecity.

Panamaimposes no regrictions on the import of dectric
power equipment.
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No Spedific Law for Geothermd

Geothermal Sites/ Projects

Panamé has an esimated 450 MWe of geothermd power
potential.

Panama has low enthdpy geothermd resources suitable for
the condruction of binary power plants Thetwo main
fidds currently under deve opment are Cerro Pando and E
Vdlede Anton.

Aspat of the“Centrd American Energy Resource
Project,” funded by USAID, LANL worked with IRHE to
evauae four thermd Stes  Chitré-Caobre, Pueblo Nuevo,
Bl Vdlede Anton, and Ol4 The study condluded thet the
only areain Panaméathat may possess Sgnificant
geothermd potentid and warrants additiond sudiesisEl
Vdlede Antdn (Shevendl, 1989).

The IDB is currently funding a$1.1 million program to
conduct afessihility sudy of El Vale de Anton.

Cerro Pando

LOCATION
South of the continentd divide in western Panama, 800
to 3000 med (Chiriqui Province).

STATUS

Well(S) or hole(s) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 7
TEMPERATURE (EC) 27-67
CHRONOLOGY

1976 to 1980 - Supported by the Overseas Deve opment
Adminigration of the U.K., 11 boreholes drilled and
sampled; measured temperatures of 27°C to 67°C; found
grong evidence that the sorings are diluted by cold
ground water before discharging a the surface:

conduded that thereis auniform resarvoir of thermd
solution &t depth (Beth, 1983).

1. Cerro Pando
2. El Vdlede Anton

NOTES

Soring temperatures reach maximum vaues of 66°C &
Los Pozos on the Colorado River, 67°C a Catito, and
41°C a Cadina How ratesarelow, ranging upto 1.5
I/s Totd heat output is esimated a 7 MWe from
caculationsincorporaing measured aring discharges
with river bed discharges inferred from sream
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conductivity anomdies  Some seasond vaiaion of
temperature and flow rate has been observed, indicating
the probable mixing of thermd discharge with shdlow
cool ground water (Bath, 1983).

for late 1998.

El Valle de Antén

LOCATION
502° L atitude, 949° Longitude.

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 150-160

CHRONOLOGY

1989 - Funded by USAID, LANL worked with IRHE to
conduct hydrogeochemicd invedtigaion of the Ste
geothermometer temperatures range from 150°C to
160°C; conduded that Ste wasthe only areaiin the
country that may possess Sgnificant geothermd

potertid.

1998 - IRHE has a$1.1 million IDB project to finance
basc dudies and pre- invesment activitiesfor the Vle
de Anton geothermd fidd; desp exploration wel planned

NOTES

IDB loan gpproved in 1996 to contract for consultancy
and drilling sarvices to conduct advanced prefeesibility
dudiesin thisfidd.

To accomplish this objective, some 3000 m of
exploraory geothermd wdlswill be drilled. Thefirg
2000 m will seek to penetrate the permesble resdive
layers. Once a depth of 800-1000 m is reached, the
dectricdly conductive layer, which isinferred to bethe
formation sedling the resarvair, will be entered and
thermd-gradient and heet-flow messurements will be
teken. Theremaining 1000 m of drilling will desgpen the
fira two welswith aview to intercepting the geotherma
depost. Rock sampleswill be taken during the drilling
operations for geoscientific gudies

When drilling is completed the wdls will be tested; if
they are cgpable of maintaining production for a
ressoneble length of time, sudieswill then be conducted
on the geathermd resarvair. Thefindings from the
various disciplineswill be andyzed and interpreted in
order to prepare the prefeasbility report.

A conauiiting firm will be hired to conduct anationd
geothermd reconnaissance survey and a prefeagibility
sudy in the geothermd fidd, in addition to contracting
and upaviang the drilling of thewdls  Thissamefirm,
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together with an expert advisory group, will assessthe
environmenta impact of the program. Individud
consultants will be hired for updating of gpecifications
and bidding documents for wel drilling, consolidating
reports on Chitre-Cdobré and El Vdle de Anton, and
forming an expert advisory group.

A drilling contractor will be hired (by the consuiting
firm) to drill thewdls
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The Caribbean
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South America
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Theidandsof Sabaand Saint Eudatius (Saia) of the
Netherlands Artiilles, Saint Kitts and Nevis, Montsarra,
Dominica, Saint Ludia, Saint Vincent and the Grenadines,
and the French territories, Guadd oupe and Martinique,
form part of the of the active valcanic arc of the Caribe
Orientd and the Lesser Antilles

From Sabain the north to St Vincant in the south, active
volcanoes and surfece hydrothermd manifesations exist on
eech of theidands. In the cases of Dominicaand St Ludia,
intense surface hydrathermd activity marks the presence of
high enthdpy geotherma sysems—230EC a Wotten
Waven in Dominica, and 300EC a La Soufriére-Qudibou in
S. Luda

Thethermd energy avaladlein these volcanicidands
mekes them of interest for geothermd exploration. The
mgority of dectricity on theidandsis produced with

died genegrators, and, asaresult, codsfor dectricity are
rdatively high. Blectricd nesds are growing on theidands
aslight industry and tourism grow, and use of an indigenous

Also known as Saint Christopher.

resource would decrease the cogt of importing diesd fud
(Huttrer, 1998).

Snce 1982, Republic Geothermd Inc. ga&ff, U.S.
Geothermd Industries Corporation (USGIC), Dr. D. E.
Michdsand J. Renner, have conducted prefeesibility
sudies on Dominica, Grenada, Saba, Stetia, . Kitts and
Nevis and &. Vincent.

As part of the ongoing efforts of the U.S. Department of
Energy (DOE) to determine the potentia of developing
gmdl geothermd production fadilities, the Idaho Nationd
Engineering & Environmentd Laboratory (INEEL) with
Geotherma Management Company, Inc. (GMC) prepared
preiminary assessments of the potentid for the

deve opment of geothermd resources of Sebaand Stetia,
S. Kittsand Nevis and . Vincet.

The geologic work was limited to agenerd gedlogic
reconnaissance, callection of samples from hat sorings
and andyssof avaladle literature, and agrid photography.
The DOE-sponsored team d <o visted with theidand
govenmentsto determine the interest in developing
geothermd energy and the Satus of the dectricd sysem
oneachidand.
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Although geothermd resources are abundant on severd of
theidands, gpart from Guadd oupe which hasa4.5 MWe
binary plant, geothermd devdopment isdill inthe early
dagesfor severd reasons

1 Geothermd devdlopment is not apriority in
the energy polides of theidand
governments.

Traditiondly, the idands have depended on
diesd generation, with the exception of
Dominicawhich has hydrodectric power.

2. None of the countries have geothermd laws,
meany do nat have laws for the regulation of
the dectricity sector in paticular.

3. Limited finencing and the high cogt of
geothermd exploration has hed back the
projectsin the feasibility Sage.

4, There are no economic incantives for
geothermd devd opment.

5. The populaion, and conssquently the
markets, of theidands, are smdl.

While none of the utility companies have an accurate
acoounting of tharr red codts, it ssamsvery likdy thet

geothermally generated power could be provided for a
lower cogt then the utilities now pay inthouse. In many
countries, O& M- caused brownouts or power outages are
al too common and are reportedly on the increase (Hutrer,
1998). For example, Dominica reported 50 outagesin
1997; Grenada, 11 to 50; Jamaica, 10 to 50; &. Kitts &
Nevis 10; &. Lucda 10to 50; and &. Vincent & the
Grenadines, 11 to 25 (Vimmerdtedt, 1998).

Some negative agpects or obstades regarding initiaion of
Caribbean amd| geothermd power projects are:

1. Thedifficulty in fineandng smdl (<380
million) projects

2. Therddivdy low rate of return likely on
gamdl Caribbean gecthermd power projects
and the assodiated need to minimize
exploraion expenditures which unavoidably
will increese therisk leve percaived by
potentid invesors.

3. The speckled higory of fiscd responghility
on the part of the governments of severd of
these idands and ther consequent low
internationd crediit raings

4. Themargind solvency of many of the
nationd utility compenies and the incbility or
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unwillingness of the nationd
governments to guarantee payments by
their utilities for power purchased.

5. The common occurrence of destructive
hurricanesin the region and the recent
expeaiences with damage due to the volcanic
eruptions on Montsarrat (Huttrer, 1998).

Huttrer rankstheidands, in order of development potentid,
asfollows

Guaddoupe
<. Luda
Dominica
<. Vinoent
Nevis
Saba

<. Kitts
Grenada
Matinique
Montsarrat
Sdia

PRPRPOO~NOOOODWDNE

Geothermd power could dmost surdly be sold to the
utilities for less than the 12-15¢/kWh cogt of generation
now esimated by the various utility companies, and the
progpect of initiaing Sgnificant savingsis gopeding to

government officds aswel asthe dtizens-onthe-drets
(Huttrer, 1998).
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% Dominica

Population (millions) - July 1998 0.07
Overdl Electrification (% of population) 95%
GDP (billion US$) - 1997 est. $0.2
Real GDP Growth Rate - 1997 est. 3.7%
Inflation Rate (CPI) - 1997 1.7%
Tota Installed Capacity (MWe) - 1995 15
Electricity Consumption per Capita (kWh) - 1997 8000
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997

Residential 20

Commercial 22

Industrial NA
Estimated Geothermal Potential (MWe) 1,390

Power Summary

Dominica stotd inddled capacity in 1995 was 14.796
MWe, which was dmost evenly divided between
hydrodectric and thermd power. The tranamisson system,

11 kV, is predominatdy Stuated in the coadd areawhere
the populaion is concentrated. DOMLEC has serious
problemswith lossesin the tranamisson sysem ad
guaranteaing potentid.

In 1989, the Dominican Government launched aplan to
achieve enargy independence. Since then, Dominica
Electriaity Services, Ltd. (DOMLEC) has expanded its grid
and now services 95% of the population, up from 55%in
1989 (Lawrence, 1998).

Government / L egislation

Dominica Electricity Savices, Ltd. (DOMLEC)

DOMLEC isrespongble for the generation of dectricity
and was privatized a the end of March 1997. The private
English company, U.K. Commonwedth Devdopment Co.
(CDC), owns gpproximeatdy 40% of DOMLEC with the
baance owned by the Sate.

Minigry of Civil Works Communications, and Housng
MCWH

The MCWH isrespongble for Dominicd s energy sector.
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Geothermal Sites/ Projects

Dominica has an esimated 1,390 MWe of geothermd

power potentid.

Geothermd development isimportant as a subdtitute for
died generation and to supply Dominica sincreesing base

load demand.

The French inditute of
geological
invedigationsand
mines, Bureau de
Recherches
Géologiques &
Minieres (BRGM),
begen thefirgt
integrated exploration
of Dominicds
geothermd resources
in 1977, identifying
three areas of interest:
Woatten Waven, Bailing
Lake and Soufriere.

expanded exploration program in 1982 with afocus on
Bailing Lake and Wotten Waven.

INEEL, GMC, and USGIC prepared aprdiminary
assessment of the potentid for the devd opment of
geothermd resources of Dominica under a DOE-gponsored

program.
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Morne Diablotin and Morne au Didble, two active volcanic
complexes, are located in the northern part of theidand but
are conddered of lower priority. BRGM began an

Bailing Leke
Morne au Disble
Morne Digdlatin
Soufriere
Wotten Waven

aghhowbdPE

Boiling Lake

LOCATION
Located in Desolation Vdley.

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY
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1977 - BRGM identified as an area of interes.

NOTES

Despite gpectacular surface activity, Bailing Lake was
ruled out for further sudy dueto difficultiesin accessng
the dte

Morne Diablotin

LOCATION
In the north of theidand. Active volcano.

Morne au Diable

STATUS
Preiminary identification/report

LOCATION
In the north of theidand. Active volcano.

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

POTENTIAL (MWE)
TEMPERATURE (EC)

CHRONOLOGY
1977 - BRGM identified as an area of interes.

INSTALLED CAPACITY (MWE) 0

NOTES
Congddered lower priority area.

CHRONOLOGY
1977 - BRGM identified as an area of interes.

Soufriere

NOTES
Conddered lower priority area.

LOCATION
In the south of theidand.

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
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TEMPERATURE (EC) -

CHRONOLOGY
1977 - BRGM identified as an area of interest.

NOTES

Wotten Waven

LOCATION
Located in Roseau Vlley.

STATUS
Concesson

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 10
TEMPERATURE (EC) 230

CHRONOLOGY
1977 - BRGM identified as an area of interes.

1982 - BRGM expanded exploration program,
congdering the Ste the area of highest priority duetoits
proximity to the capitd, Roseeu. Exploration indicated
the probable exigence of a geothermd sysem with
temperaures on the order of 230°C at an edtimated depth
of 800-1500 m. Identified the location of exploratory

wdls

1991101992 - BRGM in conjunction with the UN
Depatment of Technica Cooperation for Devd opment
(UN/DTCD) confirmed the Ste's priority; proposed a
feadhility gudy to thelocd government which was not
pursued.

1994 - Negatiations between Caribbean Power
Enterprise, Ltd. and the Government of Dominica began.

1995 - Concesson assgned to aprivate joint venture
company, Dominica Geothermd Power Co. (DGPC),
composed of 51% ownership by Caribbean Power Ltd.
and 49% Dominican ownership.

DGPC obtained the complete concesson for gecthermd
resources and dl their possible gpplications

1998 to 2004 - Development planned.

NOTES
Prgject, to develop four modules of 25 MWe each, is
ddled goparently dueto financid problems.
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Population (millions) - July 1998 0.01
Overdl Electrification (% of population) 90%
GDP (billion US$) - 1997 est. $0.3
Real GDP Growth Rate - 1997 est. 3.1%
Inflation Rate (CPI) - 1997 3.2%
Tota Installed Capacity (MWe) - 1995 17
Electricity Consumption per Capita (kWh) - 1997 946
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997

Residential 19.26

Commercial 20.37

Industrial 16.30
Estimated Geothermal Potential (MWe) 1,110

Power Summary

Grenada is dependent upon importsfor the bulk of its
domestic energy needs.

Government / L egislation

Greneda Eledtricity Sarvices Ltd. (Grenlec

(GRENLEC) isowned and operated by the Government of
Grenada (GOG) and isthe sole provider of dectricity on
theidand.

Geothermal Sites/ Projects

Grenada has an esimated 1,110 MWe of geothermd power
potertid.

OLADE obsarved a possible resource of high enthdpy in
the area of Mount Saint Catherine in 1981 which was later
confirmed in 1992 as part of the UN/DTCD program.

Prefeaghility sudies have reveded one amdl solfaaraon
Mount Saint Catherine, severd amdl thermd garingsin
ravines radid to the centrd volcano, and numerous
redively young phregtic exploson craters. Additiondly,
the sub-sea volcano “Kick-em-Jenny” lies only five miles
off Grenada s north coast suggesting thet the zone between
it and centrd northeestern Grenada may be geothermdly
progpective (Huttrer, 1998).

INEEL, GMC, and USGIC prepared a prdiminary
assesament of the potentid for the development of
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geotherma resources of Grenada under a DOE-sponsored
orogam. Guadeloupe
(overseas department of France)
1 Addphi-Saint Cyr
2. Cedly Hill Population (millions) - July 1998 0.42
3. Chambord e )
4 Clabory-Mourt Hope Overall Electrification (% of population) NA%
5. Hermitage-Peggy’ sWhim GDP (billion USS$) - 1995 e<t. $3.7
6. Mount Saint Catherine
- 0
7 Ha Red River Real GDP Growth Rate - 1997 e<t. NA%
8. . Georges Inflation Rate (CPI) - 1997 3.7%
. o . . Tota Installed Capacity (MWe) - 1995 39
All eght Stesin Grenedaare in the prdiminary /
identification report stage. Electricity Consumption per Capita (kWh) - 1995 2483
Energy Demand Growth Rate NA%
1 Prices (US¢/kWh) - 1997
Hi Isbam@_‘g‘:} f Price range 10-12
o P A Estimated Geothermal Potential (MWe) 3,500
Ga .ri.hr-_r-.".- n .f-'!-'
e H.f’. i
= lsang
rm,v_;, Power Summary
i . ;l : Mot
il 0l Nl Guadeoupe's terget for 2000 isto generate 25% of its
Ity cPoRcEs energy consumption from renewable energy sources
2ok Grenada (Lawrence, 1998).
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Geothermal Sites/ Projects

Guadd oupe has an edimated 3,500 MWe of geothermd
power potentid.

1. Bouillante

Bouillante

LOCATION

STATUS
Power plant(s) on gte

INSTALLED CAPACITY (MWE) 45
POTENTIAL (MWE) 4525
TEMPERATURE (EC) 220-245

Gueddoupe has the Guaciowse  » 1z
only geothermd power i PR
da]t |ntm Ca'|um1, Loaribee L
a4.5MWedouble e £ : i Sone.
flash power plant & et o Uas--a%y..
Bavillante which came A PO e e
onlinein 1984 and wange:} Teve Cuedskoupe e
suppliesthe leaward SmD ity
coast of Basse-Terre BRI, (i
with daincty The itas daz 5&'.“.’93;:%,_,, %r;:é_,‘ i Giafanis
plant has been :

generding & an average Demines Passage - mmasen
rate of 4.7 MWe,

The Bouillante plant hed intermittent problems causad by
reldively high amounts of noncondensable gases and
associated H,S0,, which seem to have been mitigated by
Compagnie Francaise de Géothermie (CFG) (Huttrer,
1998).

There are plansto expand the Bouillante plant and st up
another in Matinique

CHRONOLOGY

1969 and 1970 - ThreewdlIs drilled. Bouillante 1
reached 800 m and 220°C; not capable of greet
production. Bouillante 2 encountered ahighly productive
drain a 338 m with pressure higher by 14 barsthan
hydrogtatic pressure and with a temperature of 242°C.
Bouillante 3 drilled to 445 m, crossed asandy layer a
410-440 m with temperature close to 240°C; layer
subssquently proved cgpable of producing only afew
tons’hour of geam and water.

1971 - Bouillante 2 subjected to along-duration
production tes. During Sx months, the well produced a
flow of deam-water mixture tending to become
dabilized a 30 t/h of geam and 120 t/h of weter. The
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surface separation at 5 bars provides 20% steam and 80%
water. The eam contains 0.4% by weight of
noncondensable gases congging basicdly of carbonic

gas (90%) with traces of H2S (1%0).

1972 and 1973 - Metdlurgicd campaign MT-5 EX
Sarted.

1974 - Bouillante 2 retested. Drilling restarted:
Bouillante 3 degpened to 850 m. No evidence of
condderable production between 450 and 850 m.
Bouillante 4 drilled to 1200 m. No marked productivity
aaylevd.

Saamic reflection profile shot a seadong the western
coadt of theidand to determine the thickness of the tuff
formation in which the drill holes have sopped. The
propagation speed of the seigmic wavesin thee tuffs
seems to be between 3200 and 3500 nmvsec

(D’ Archimbaud, 1975).

1984 - 45 MWe double flash condenaing plant
commissoned a acos of 110 million French francs

1994 -The company Geéothermie Bouiillante was cregted;
amsfor aprogressve increase in the energy exploited
(Jeudin, 1994).

2003 - 20 MWe proposed to be online.

NOTES

GuaddoupeisaFrench colony. The Stewas explored
and developed by EURAFREP SA. and Eletricité de
France.

For aproposed 25 MWe, projected annud capita
charges and operationd codts are about 4,000 and 700
French francs per KW respectively (Lawrence, 1998).
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Jamaica

Population (millions) - July 1998 2.63
Overdl Electrification (% of population) 64%
GDP (billion US$) - 1996 est. $9.5
Real GDP Growth Rate - 1996 est. -1.4%
Inflation Rate (CPI) - 1996 17%
Tota Installed Capacity (MWe) - 1995 1182
Electricity Consumption per Capita (kWh) - 1995 1503
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997

Residential 118

Commercial 10.8

Industrial 9.1
Estimated Geothermal Potential (MWe) 100

Power Summary

Jamaicd s domestic energy sources indude biomass
(firewood and bagasse) which accounted for 98.3% of

non-fossl fud energy in 1992, and hydropower, which
accounted for the remaining 1.7% (Lawrence, 1998).
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Geothermal Sites/ Projects

Jamaica has an esimated 100 MWe of geothermd power
potertid.

Jamaica s geothermd resources are comparable to thet of
the other Caribbean idands—300 billion tons of oil
equivdent (BTOE) of both thermd and dectric qudity
resources combined.

No specific geothermd dte data has been found for
Jamaca
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Martinique
(overseas department of France)

population (millions) - July 1998 041
Overall Electrification (% of population) NA%
GDP (billion US$) - 1997 est. $4.0
Real GDP Growth Rate - 1997 est. NA%
Inflation Rate (CPI) - 1997 3.9%
Tota Installed Capacity (MWe) - 1995 115
Electricity Consumption per Capita (kWh) - 1995 2280
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997

Price range 10-12
Estimated Geothermal Potential (MWe) 3,500

The veary active Mt. Pdle comprises an obvious locus for
geothermd resources. There are Slfataras, hot sorings,

earthquake epicenters nearby and well deve oped fracture

systems (Huttrer, 1998).

Martinigue has an edimated 3,500 MWe of geothermd
power potentid.

Thereare plansto sat up agecthemd plant in Matinique

(Lawrence, 1998).
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Montserrat
(dependent territory of the UK)

-r<< 1

Population (millions) - July 1998 0.01
Overall Electrification (% of population) NA%
GDP (billion US$) - 1996 est. $0.043
Real GDP Growth Rate - 1996 est. -20.2%
Inflation Rate (CPI) - 1996 6.2%
Tota Installed Capacity (MWe) - 1995 5
Electricity Consumption per Capita (kWh) - 1995 1178
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997

Resident 18

Commercial 20

Industrial 17
Estimated Geothermal Potential (MWe) 940

Geothermal Sites/
Projects

Montsarrat hasan (o aribben J
edimated 940 MWe of
geothermd power

MGTU& '.)f ‘Selam

Even before the 1995 <
eruptions, the
southwestern flank of
the Soufriere Hills
volcano wasthe gte of

Pl YMOUTH

b ﬂ‘_h_ﬂl. Prlrick's

[F s ol s F
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olfaaric activity and

of numerous thermd garings. There was dso Sgnificant
sagmic attivity and severd well developed fracture
syslems transecting the volcano (Huttrer, 1998).

1. Soufrigre Hill

Soufriere Hill

LOCATION

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE)
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FOTENTIAL (MWE) ' Netherlands Antilles
TEMPERATURE (EC) - (part of the Netherlands Kingdom)

CHRONOLOGY

1992 - Possble high enthapy resource obsarved & area _ —
west of Soufriére Hill under UN/DTCD program. ALLEIEN (IS 2l e 2 021
NOTES Overdl Electrification (% of population) NA%
GDP (billion US$) - 1997 est. $24
Real GDP Growth Rate - 1997 est. 1.3%
Inflation Rate (CPI) - 1997 3.6%
Tota Installed Capacity (MWe) - 1995 20
Electricity Consumption per Capita (kWh) - 1997 4128
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997
Price range (St. Martin) 17-20
Estimated Geothermal Potential (MWe) 3,000

The Netherlands Antilles is made up of the three Windward
Idands of the Dutch Caribbean—Saba, . Eudatius (Satia),
and S. Maarten.
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Geothermal Sites/ Projects

The Netherlands Antilles have an etimated 3,000 MWe of

geothermd power potertid.

Sahaisagmdl idand comprisng a centrd volcano with a
least 15 andestic domesonitsflanks Thereisarecord of
volcanic eruption(s) less than 1000 years ago and there are
numerous hot sorings dong the shordine and judt off shore
Theidandis highly fractured, some hat gorings
temperatures haverisen in the lagt 40 years

INEEL, GMC, and USGIC prepared a prdiminary
assesament of the potentid for the development of
geothermd resources of Saba and Satia under a DOE-

sponsored program.

While some heat probably remains beneeth The Quill on

Satia as evidenced by
reported occurrences of
thermd watersin two wels
drilled for drinking weter,

there are no known hot gorings
or pdeothemd aresson the
idand (Huttrer, 1998).

No specific geothermd dtes
have been identified for Saba
and Satia
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Saint Kitts & Nevis

Population (millions) - July 1998 0.04
Overall Electrification (% of population) 100%
GDP (billion US$) - 1997 est. $0.2
Real GDP Growth Rate - 1997 est. 5.8%
Inflation Rate (CPI) - 1997 3.1%
Tota Installed Capacity (MWe) - 1995 16
Electricity Consumption per Capita (kWh) - 1997 1976
Energy Demand Growth Rate NA%
Prices (US¢/kWh) - 1997

Residential 118

Commercial 12.6

Industrial 12.6
Estimated Geothermal Potential (MWe) 1,280

Power Summary

An expangon project to increase dectridity cgpaaity is
underway with assstance from the Caribbean Devd opment
Bank (CDB).
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Government / L egislation

Depatment of Electric and Light

Utility was privatized in 1995.

No Spedfic Lawsfor Eledricity or Geothermd

K. Kittsand Nevis do not have laws which regulate the use
of geotherma resources or the dectric sector.

Geothermal Sites/ Projects

S. Kitts and Nevis have an edimaed 50 MWe of
geothermd power potertid.

INEEL, GMC, and USGIC prepared a prdiminary
assesament of the potentid for the development of
geothermd resources of K. Kitts and Nevis under a DOE-

sponsored program.

Thereare encouraging gecthermd indiciaa five placeson
Nevis On Nevis swestern and southern Sdes, there are
two Soifataras, numerous thermd wells, and alarge area of
hydrathermd dteration. Also, strong earthquakes with
hypocenters very near Nevis occurred in 1951 and 1961.
On K. Kitts, though there are moderatdly large aress of
seaming ground in the crater of Mount Liamuiga, aswdl as
thermd gorings dong the western shording, the geothermd

indicaare lesswdl-defined than on the other idands
(Huttrer, 1998).

1. Basere
2. Brimgone Hill
3. Nevis Pesk

Basseterre

LOCATION
S Kitts.

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

CHRONOLOGY
1992 - Possble high enthdpy geothermd resource
identified under UN/DTCD program.

NOTES
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Brimstone Hill

TEMPERATURE (EC)

LOCATION
S Kitts.

STATUS
Preiminary identification/report

CHRONOLOGY
1992 - Possble high enthdpy geothermd resource
identified on western flank of Nevis Pesk under

UN/DTCD program.

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

NOTES

CHRONOLOGY

identified under UN/DTCD program.

1992 - Possble high enthapy geothermd resource

NOTES

Nevis Peak

LOCATION
Nevis.

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
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u Saint Lucia

Population (millions) - July 1998 0.15
Overdl Electrification (% of population) 87%
GDP (billion US$) - 1997 est. $0.6
Real GDP Growth Rate - 1997 est. 0.8%
Inflation Rate (CPI) - 1997 -2.3%
Tota Installed Capacity (MWe) - 1995 45
Electricity Consumption per Capita (kWh) - 1997 705
Energy Demand Growth Rate 9.0%
Prices (US¢/kWh) - 1997

Price range 22-28
Estimated Geothermal Potential (MWe) 680

Power Summary

Sant Luda stotd inddled cgpadity in 1995, 445 MWe,
congged of thermd power generated by imported diesd
fud. Althoughtheszeof S Ludd s petraleum import bill
isnot yet criticd, the total dependence on imported
petroleum fudsto sstify commerdd energy requirements

isamaiter of concern (Bathdmy, 1990). Of thetotd 44.5
MWe, 25 MWe are plants that are more than 30 yearsold.
Theidand' senergy demand is growing 8-10% per yea,
largdly asthe reault of the cregtion of the tourist indudtry.

Progpects for economic growth will depend on
divergfication of the productive base of the economy and
the continued expangon of the physcd infredructure. In
particular, the devel opment of the geothermd resource
shdl provide a secure indigenous source of energy thet is
likdy to simulate invesment, economic growth, and

employment (Barthdmy, 1990).
Government / L egislation

. LudaEledricity Sarvices, Ltd. (LUCELEC)

LUCELEC, theindtitution respongble for the generation of
dectriaty, is actudly acompany of mixed economic

contral: 43% by the British company, U.K. Commonwedth
Devedopment Co. (CDC), 18.7% by the Mayordty of
Cadtries, 12.4% hy the Government, 12% by Socid
Insurance, and the remaining 13% by the private sector.

The process of privatizing the dectric company isidenticd
to thet which occurred in Dominicaand the private mgority
isthe same British compeny.
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Like Dominica,
privetizetion was e B
redized in &. Luda
WI'[I’UJt aI@d cx- _.!.I'.‘ASTFIES
regulatory framework '
for the dectric sector Frl g
inplace

MrnnEry

Laulribre
Minigry of FHanning,
Devdopment, and
Environrmat

Mg

Loholssul

e Tt

The energy sector and

evironment are under
the purview of the Minidry of Planning, Development, and
Environmett.

No Specific Lawsfor Eledtricity or Geothermd

S. Ludadoes not have lavs which regulate the use of
geothermal resources or the dectric sector.

Geothermal Sites/ Projects

S. Ludia has an edimated 680 MWe of geothermd power
potertid.

A least cost power deveopment program for S Ludamust
incorporate geothermd energy (Barthdmy, 1990).

Evduation of . Ludd s geothermd potentid beganin
1951 with afidd sudy misson by the late Gunnar
Bodvarsson of the Sulphur Soringsareas Aninitid
comprehensve geothermd resource exploraion program
was darted 20 yearslater by the United Kingdom's
Minidry of Oversess Devdopment in the early 1970s
followed by enginering tesing in the late 1970s

Inthe 1980s, Aquater (Itdy), Los Alamos Nationd
Laboratory (funded by USAID), and the UN Revalving Fund
for Natural Resources Exploration (UN/RFNR) and USAID
conducted prefeedhility sudies which induded drilling
production-9ze exploratory wels.

The second of two wells drilled by ateam led by Itdian
geothermigts found what gppeeared to be an economicdly
explaitable resource. Unfortunatdy, thiswell suffered
mechanicd falures and the produced steam was never
harnessed to generate power.

More recently, INEEL, GMC, and USGIC prepared a
preiminary assessment of the potentid for the
development of geothermd resources of St Ludiaunder a
DOE-gponsored program.

Geothermd indidaon . Ludacomprissavery large
Slfataranear the village of Soufriere, therma sorings
nearby and very recent volcanic attivity induding both
phreetic and pyrocladtic eruptions (Huttrer, 1998).
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1 La Soufriére-Qudibou Cddera

La Soufriere-Qualibou Caldera

LOCATION

In the southwestern part of theidand. . Ludabdongs
to the Windward Idandsin the Lesser Arttilles (West
Indies); within 13°43 and 14°07' N and 61°05' W; idand
is 25 mileslong and up to 12 mileswide; made up dmost
entirdy of products of volcanic origin.

Geothermd giteisthe Qudibou Cddera, the Befond

areg, and Sulphur Sorings Vdley, in the southwestern part
of theidand. The Qudibou Cdderalieson aNE-SW
regiond tectonic dignmentt.

STATUS

Well(S) or hole(s) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 10-30
TEMPERATURE (EC) 200-350
CHRONOLOGY

1951 - Investigation began with afidd sudy misson by
the late Gunnar Bodvarsson of the Sulphur Sorings area

1974 t0 1976 - FHrg sysematic investigations by the UK
Minidry of Oversees Devdopment when theidand was a
British territory. Merz and McLdlan drilled ssven wdls
to depths of 116 to 725 m; four wells were productive.

1982 - Aquater Sp.A. of Ity began extensve gedlogicd,
geophysicd, and geochemicd surnveysdter S. Luda
became independent with funding from the Europeen
Invesment Bank (EIB). Identified five Stesfor
exploratory drilling to veify the nature of the fluid and
reservoir.

198310 1984 - Los Alamos Nationd Laboratory
conducted geologicd, geophysicd, hydrochemicd, and
enginearing investigations with funding from USAID.
Pogtulated the exigence of athree-layer geothermd
Sydem: an upper condensing zone, an intermediate
vgpor-dominated or two-phase zone, and alower bailing
brinezone Put prdiminary edimate of fidd's potentiad
a 30 MWe.

1987 to 1988 - UN/RFNR and USAID jointly funded
prefeagibility sudy which induded drilling production-
Szeexploraory wells

Two degp welsdrilled (SL-1 a Bdford, S_-2 a Sulphur
Sarings); only SL-2 (1413 m) was productive with a
flowing enthdpy of 2900 kJkg and aflow rate of 9.3-
175kg/s Huidsfrom SL-2 had ahigh gas'deam ratio
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(up to aout 25% in waght), high Hy/H,Sratio, HCl in
the condensad steam, and high acidiity (pH of 2.8).
Edimated dectrica output potentid of SL-2is3MWe,

The mogt significant gedlogica informeation obtained
from the drilling cores and cuttings is that the formations
crosd by thewdls SL-1 and SL-2 indicate an dmost
complete lack of juvenile pyrodadtic products This
leads to the congderation thet the area under exploration
may not be the center of asrong pyrodastic activity
(Bathdmy, 1990).

Results were not judged stisfactory dueto high cost of
drilling and lack of supervison.  Totd invesment: $65
million.

1988 - Oxbow Geothermd Corporation submitted
proposa to develop a10 MWe gecthermd facility.

1990 - Feesihility study begun with support from
UN/RFNR and USAID for a10 MWe plant.

1992 - UN/DTCD integrated the evauation of exiding
geothermd adtivitiesin . Ludain the context of a
regiond project which would comprise other idandswith
geothermd potentid.

The Government completed an economic evauation of
ingaling two units of 5.2 MWe each in Soufriere. Due

to lack of production in the exigting wells, however, the
project has gdled.

NOTES

The Bdfond areq, located 1.5 km southeast of Sulphur
Sorings, isthe primary target for additiond exploration.
The main geothermd reservoir a 250°C isthought to be
located at adepth of 2000 m.

Due to the environment of mistrust creeted asa
consequence of the lack of concrete results obtained in
this project, LUCEL EC has not conddered the offers of
the private companies that areinvalved in Dominicaand
Grenada.

Devdopment of plant will be through an internationd bid
or concesson.
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Saint Vincent & the
Grenadines
Population (millions) - July 1998 0.12
Overdl Electrification (% of population) 95%
GDP (billion US$) - 1997 est. $0.3
Real GDP Growth Rate - 1997 e<t. 1.0%
Inflation Rate (CP!) - 1997 3.6%
Tota Installed Capacity (MWe) - 1995 14
Electricity Consumption per Capita (kWh) - 1997 545
Energy Demand Growth Rate 5.0%
Prices (US¢/kWh) - 1997
Residential 22.0
Commercial 25.2
Industrial 20.0
Estimated Geothermal Potential (MWe) 890

Power Summary

S Vincat'sdectricity nesds are met with diesd and
hydropower.  Oil imports are needed to meet 90% of the
idands primary energy needs In 1995, &. Vincent

imported 940 barrdS/day of ail to satidy its energy needs
Cane Hdl, adied plant located about three miles outsde
the capitd, Kingstown has triggered complaints of noise
pallution.

S. Vincant Electriaity Sarvices, Ltd. (VINLEC), currently
has seven genegrating plants—three diesd stswhich were
commissoned from 1972 to 1993, and four amdl
hydropower dations. Power sdles are reportedly increasing
a 5% per year.

The country requires another 3.6 MWe of dectricity in
1999 into Cane Hal and anew generating Ste developed a
Lowmeans Bay by the year 2003, Thiswill bring &t
Vincent's cgpacity to 17.5 MWe.

In an effort to diversfy its economy from heavy
dependence on banana exports, . Vincant isimproving its
dectricity sector to atract arange of new businesses,
manly finendd sarvices and information processng.

Supported by an $8.8m loan from the European Invesment
Bak (EIB), the Government of S. Vincent (GOSV) is
expanding and improving its power sector to become
compditivein atracting new investments The EIB loan
will provide partid funding, with the government securing
therest.
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Usang theidand sindigenous geothermd power would
decrease the country’ s rdiance on imported fud and
increase the output of salable goods, therey improving the
country’ s baance of payments and decreasing its netiond
deficit.

developer would have to execute a power sales agreament
with VINLEC as a precondition to the acquigtion of a

loan. Inthis case, there would have to be assurances that
VINLEC could and would be ableto pay for power received.

No legidative changes are necessary for the

Government / L egislation Foridst “-’ﬂ”““lﬁf;;lmr development of private power (Lawrence, 1998).
; &iﬂl:l-'lr“ Iceargetewn

Ministry of Communications and i B No Spedific Laws for Eledridity or Geothermel
Works

R S Vincert and the Grenadines do not have laws
The Minigry of Communications and & . ;;m wceeimna | FEQUIAing the use of geothermd resources or the
Worksis respongble for the country’s s A ) electric sector.
encrgy irdudng geotenrdl. The R
Minidry, in consultation with Centra ik ) R The GOSV supports the concept of private
Fanning, the Prime Miniger, and the uﬂﬁiﬁ:pﬁf deve opment of its indigenous geotherma
Cabinet, can issue concessions for T o st Vit resources. There are no insurmountable legd,
energy-relaed projects deemed ;_;ji.? GRENADA regulatory, or inditutiond barriersto the

beneficid to the nationd interes.
Drilling permits come from this Minisry and may be
induded in the Concesson Agreament. If nat induded in
the agreement, they could take 3-6 monthsto be issued.

<. Vincent Eledtricity Sarvices, Ltd. (VINLEC)

VINLEC isaquad-dae utility company. Assuming
VINLEC remains unprivatized, a private geotherma

devdopment of S. Vincent's geothermd
resources

once ther economica production is confirmed (Huttrer,
1995).

The Centrd Water and Sewerage Authority (CWSA)

The CWSA controls dl aspects of weter-related matters on
S. Vincatt.

Geothermal Sites/ Projects
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<. Vincent and the Grenadines have an edimated 890 MWe
of geothermd power potertid.

K. Vincent' s geothermd potentid has not been formally
studied.

INEEL, GMC, and USGIC prepared aprdiminary
assessment of the potentid for the devd opment of
geothermd resources of S. Vincent under aDOE-

sponsored program.

La Soufriére volcano has erupted three times since 1902,
there is a eaming resurgent dome in the crater and there
are numerous hat sringsin river vdleys on thewestern
Sde of the volcano (Huttrer, 1998).

Of additiond interest are three N25E driking fegtures near
Walibou Beach, in an arealocdly known as“Hot Waers”
and adrcular fegture near Morgans Wood near

Trinity Fals (Huttrer, 1995).

Capitd Growth Holdings aU.S. firmis currently exploring
on . Vincent and intends to drill an exploraion wel in
1999.

Soufriere Volcano

LOCATION
Soufriére Volcano islocated in the northern part of S.
Vincent; 60°56' W, 13°15' N.

1. Soufriere Volcano

STATUS

Feasibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 8-10
TEMPERATURE (EC) 155-190
CHRONOLOGY

1995 and 1996 - Prefeasibility studies conducted by
Geothermd Management Corporation with support from
DOE and USAID. Geothermometer andyds of fluid
samples show temperatures of 155-190°C. Study
confirmed thet the northwestern quadrant of S. Vincent
on the flanks of the Soufriere VVolcano may be favorable
for the discovery of commeradly exploitable

geothermd resources.

1997 and 1998 - Growth Capita Holdings (GCH),
project developer, Sgned MOU with Government of S.
Vincent; conducted geologic sudies and sdlected drilling
target. Hired drilling engineer, ThermaSource, Inc.
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1999 - Exploraion well to be drilled. Unconfirmed

reports thet the project was suspended due to financing
problems.

NOTES

The Soufriére Volcano is the youngest on . Vincent and
one of the mogt activein the entire Caribbean idand arc,
having erupted in 1902, 1971, and, most recently, 1979.
Numerous fumardes are vishle, primarily onthe
southeastern and western Sides of the dome and o near
itssummit.
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Argentina

Population (millions) - July 1998 36.26
Overdl Electrification (% of population) 92%
GDP (billion US$) - 1997 est. $348.2
Real GDP Growth Rate - 1997 est. 8.4%
Inflation Rate (CPI) - 1997 0.3%
Tota Installed Capacity (MWe) - 1995 20207
Electricity Consumption per Capita (kWh) - 1997 1670
Energy Demand Growth Rate 7.7%
Prices (US¢/kWh) - June 1998

Residential 14.2

Commercial 14.6

Industrial 8.2
Estimated Geothermal Potential (MWe) 2,010

Power Summary

Argentind s dectric power sector has been privatized and
deregulated, with separate markets created for generation,
transmisson, and digribution. A decade ago the country’s
power sector was characterized by shortages, breskdowns,
and high cogts Since 1992 and economic reforms,
however, totd generating capadity in the country has
increased more than 40% and more than $7 billion has been
invested in the sector. Since 1996 done, the price of
energy in the country”s spot market has declined 18%
according to andygts a the Banco Generd de Negocios
(BGN) in Buenos Aires

Both demand and supply are expected to continue growing.
Recent additions to cgpadity have been mainly
hydrodectric plants. The Government of Argentina (GOA)
planstoissue an internationd cdl to tender for the contract
to complete, operate, and maintain Y acyreta—the 3200
MWe jaint Argentine-Paraguayan hydrodectric dam and
dation located on the banks of the Parana River—in the
firg quarter of 1990.

Initsannua Energy Progpective completed & the end of
1997, Argentind s Secretary of Energy predicted thet even
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under rdaively modest assumptions for economic growth,

demand will increase 60% by the year 2010. Under more Argentina requested $46.5 million finencing from the

optimigtic assumptions, demand would more then double Woarld Bank and $14 million from the Globd Environment
Y — Fund (GEF) for a program to supply energy to rurd aress

In addition to domestic e S & T TE T using reneweble resources where feesible. It will support

growth, possbly the most aweanf LV \\“..q.m;:."iH : the trandfer of the operation of the rural power sector from

important recent event in the - g 5 T the government to the private sector, and strengthen the

dectridty sector isthe | o e Tomdr \_,«’T,f' regulatory function of provinces. The commercid ddivery

Augug 1997 agreament .; L mechaniam is based on a unique concesson sysem where

between Argentinaand Brazil 4 j‘:ﬂ:_‘: codts, U f{. rights to awhole province are awarded in open bidding to

to integrate thetwo B e e, [ the company that asks for the lowest subsidy. Negotiations

countries’ eectricity o uwoamesdy. o have been postponed at the request of the GOA

markets with guarantead free . - (S e (Development Business, February 1999).

Commmm anong ) ;EI:‘ e 351

gengraors, the banning of dll | smcen Vi Government / Legislation

state subsidies, and the Lob™ By

requirement thet pricing be ',E*-J i Public Law No. 24.065 — Electric Law (Jenuary 1992)

based solely on costs E w SR The Eledtric Law enacted in January 1992, established a

Exportsto Brazil could reach - . . legd sructure for restructuring and privatizing the

5,000 MW in the medium e dedricity industry. The federd government intended for

tem. - I the Electric Law to reduce eledtricity rates and improve
] . A sarvice: The restructuring that preceded privatization was

Richin naturd gas Argatina e designed to lead to competition between the soon-to-be-

can trangport gas to Brexil i S privatized eectricity companies and was modded after

and Chilewherethefud can I E G ealier restructuring by Chile and the price-cgp regulation

be used to generate of the United Kingdom.

deciridty or it can turn gasinto dectricity & home usng

highly effident combined cyde generaing technologies Two further legd changes occurred during 1993, A 1993

and export the dectricity produced. amendment to the Foregn Investment Law more expliatly

Geothermal Resources in Latin America & the Caribbean 123



addressad the quedtion of foreign invesment. This
amendment removed redrictions thet goplied only to
foragninvesors, freaing them of the need to recaive prior
goprovd for mogt investment.

Laer in 1993, the meaaures of the 1989 Economic
Emergency Law, the 1989 Reform Law, and the 1993
amendment to the Foreign Investment Law were combined
in an act caled Decree 1853, which removed most of the
remaining resrictions on foragn investmert.

No Spedific Law for Geothermd

Provindd Governments are responsible for geothermd
exploration and direct uses. Increesing numbers of foreign
companies are investing in Argentind s provinces. For the
pagt Sx years, the IDB hasfinanced provindd reformsto
reduce the Sze of the public sector, privaize public
savices and dlow the provinces to use ther competitive

advantages.

At the Nationd levd, there are no spedific legidation or
initigtives for geothermd power gengration. Thelegd
framework differs depending on whether the geothermd
resource to be exploited is Seam or hot water.

Thereisno Nationd code for the use of hot water
geothermd resources. Ther useis ubject to the

Provindd lavswhich regulate the use of water.
Legidation varies from provinceto province

Law No. 22.259 (July 30, 1980)

Goveansuse of “indigenous vgpars’ and modifiesthedld
Mining Code. Steam is conddered the property of the
Sae—Nationd or Provindad—depending oninwhich
palitica jurisdiction it isfound. It isgranted in concesson
to whomever proves auffident technical and economic
olvency.

Geothermal Sites/ Projects

Argentina has an edimated 2,010 MWe of geothermd
power potentid.

Sncethe early 1990s, dueto low fossil fud prices, the
emphadsof Argentina s gecthermd program has shifted
from exploration and devd opment of high temperature
resources for dectricity generation to the use of lower

temperature resources in direct gpplications (Pesce, 1998).

The generation of dectridity from geothermd power is not
currently economica. The price of dedtricity is
$0.09/kWh; the cogt of generation just $0.02/kWh and
fdling (NRECA; March 1998).
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Prefeaghility studies have been completed in 19
geothermd areas, 90% of the high-enthapy areas and 75%
of the low-enthdpy aress

High-enthdpy areas indude Copahue-Caviahue, Domuyo,
Tuzgle and Vdledd Cura Low-enthdpy aress are Cari,
Médanos, Carindanga, Camancito, LaQuintaand El
Pamar, Rio VVddez, Santa Teredta, Suriyaco, Calon, Villa
Blisa, Laroude, Tdsen, and Gan Gan.

Two provinces are actively promoting geothermd
development, Neugueén and Jujuy, but primerily for

ba neothergpy and hesting related to tourism. No potentid
isseen in Neuquen Province for the inddlation of small
dectric plants because the province has an extendve

Buenos Aires, and 360 km NW of Neuguén, the
provincid capitd. Located on thewestern edge of a15-
to 20-km diameter megacddera near the 2977-m high

Quatemary Copahue Volcano (Neugquén Province).

dectric grid and adequate capecity.
1 Copahue-Caviahue
2. Domuyo
3. Tuzge
4. Vdledd Cura

Copahue-Caviahue

LOCATION
On the eastern dopes of the Andes, near the border with
Chile, a 37°50'S, 71°05'W; 1170 km WSW from

STATUS

Power plant on Ste currently offline

INSTALLED CAPACITY (MWE) 0.67
POTENTIAL (MWE) 30
TEMPERATURE (EC) 171-270
CHRONOLOGY

1974 - Geothermd survey and drilling in the fidd begun
by the Comisidn Naciond de Estudios Geotérmicos

1976 - COP 1 exploratory well drilled to 954 m.

1979 - Study begun by the Consgo de Planificacion para
€ Desardllo (COPADE).

1980 - Jgpan Internationa Cooperation Agency (JCA)
continued sudy of Copahue and Domuyo. Objective was
to evauate the Stesfor power generaion.

1981 - Prefeasibility study conducted by the Secretary of
Sate of Copahue and Latinconsult, Electroconsult
(Itay).
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1981 - COP 1 degpened to 1451 m; maximum
temperature 250°C; between 850 and 1000 m found a
productive zone with an initid flow of 17 tonghr of dry
geam; upplies 670kWe ORMAT hinary pilot plant
whichiscurrently off-line. A 33kV-line now connects
Copahue with the provindd grid.

1986 - COP 2 drilled to 1241 m degp; maximum
temperature 235°C; 2876 kJkg; well showed inferior
conditions of permeghility with initid flow less then thet
of COP 1.

1988 - 670kWe ORMAT hinary pilot plant usng COP 1
caneonlinein April. The plant has been off-line snce
1996.

1991 - COP 3 drilled to 1065 m degp; maximum
temperature 240°C; JCA drilled and studied.

1997 - Provincid government hired the Empresa
Neuquinade Savidos de Ingenieria (ENS) todesign a
snow mdting pilot project to keep dretsto Villa

1997 - COP 4 drilled to 1256 m for the VillaThermd
Copahue Hesting Project; datic pressure 40 bar a
wellhead; 235°C resarvoir temperature,

1998 - 45 km of piping lad for snow mdting sysem; 1.5

m of snow can be mdted in 2.5 hours

Copahue dear during the winter; test project used COP 2.

NOTES

Indudes five geothermd manifestations of importance
(fumardles and hot sarings) covering an area of
goproximatey 1.2 kn?, four of which arelocated in
Argentina They are TERMAS DE COPAHUE, LAS

MAQUINAS LASMAQUINTAS, and ANFITEATRO.

(Thefifth, CHANCHO-CQ, islocated in Chile)

The Copahue Volcano corresponds to the last episode of
the Copahue-Caviahue Effusve Complex whose adtivity
began during the Filocene and continued into the
Quaternary. Thevolcanic materidsare manly lavas,
pyrodadics areless dundant. They are predominantly
cac-dkdic basdts, andestic-basdts and andesites and,
in smdler proportion, latites (Pesce, 1995).

Copahue means “aulfur placg’ inthe locd language,
Araucara

According to the geotherma modd, Copahue is a vapor-
dominated geothermd fidd to adepth of 12300 m. The
exigence of amain reservoir a an estimated depth of
1800 m has yet to be confirmed.

VillaTherma Copahue Heeting Project - Mdts snow to
keep resort town accessible year round.

Geothermal Resources in Latin America & the Caribbean

126



Other current uses. balneothergpy.

Domuyo

A zone of low resdivity has been detected a 800 to
1200 m.

LOCATION
In the northern part of the province a 36°40'S, 70°40W
(Neuguén Province).

STATUS
WIS or hole(9) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 186-230

CHRONOLOGY

1982 - Prefeagbility sudies begun by the Group of
Volcanology Work of the Secretary of Mining with
support from the Japanese International Cooperation
Agency (JCA).

1984 - Thermd gradient well drilled to depth of 2000 m
and amullti-purpose exploratory well to 376 m.

The resulting modd indicates the presence of aresarvoir
a 650 to 750 m. The geothermd fluids originateina
sysem that changes gradudly from vapor-dominated
(218-226 °C) to liquid-dominated (186-190 °C).

NOTES

At present, Domuyo's geothermd resources are being
exploited for gpace hedting and for supplying hot water to
asmd| tourig complex, Villa Aguas Cdientes

Prefeesibility studies have been completed and the
location for a deep exploratory well has been sdected.
Also, daboration of amodd for the geothermd sysems
which egablishes the main geothermd fidd
Characterigtics has been concluded.

Hdd digilays fumarales, hot arings, and gas
emandions. Assodated with Quatemary shoshonitic
volcaniam. Detailed surveys covered about 600 km?
around Cerro Domo Valcano, the largest manifestation
of Quatemary volcanigninthearea. The dudies
ddimited athermd anomaly probably rdated to magma
bodiesin the upper levels of the crust thet are rdaed to
tensgond dructures (Pesce, 1995).

Tuzgle

LOCATION
Inthe Altiplano of Sdtaand Jujuy a 23°55'S, 66°30W
(Qjuy and Sdta Provinces). An areaof aout 900 kn?
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hes been sudied in detal.

STATUS
WIS or hole(9) dilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 132-142

Duetoitsdigance from dectricd  digtribution centers
the patentia for development of Tuzgle will likdy
increase with a growing energy demand. It is reported
thet this resource is used for mining.

Valle del Cura

CHRONOLOGY
1977 - Reconnai ssance studies began.

1980 - Prefeaghility study began covering an areaof 900
km?, seventeen (17) thermd gradient wels planned;
deven (11) drilled.

Thewedls have found a superfidd resarvoir whose base
islocated a a depth of 400-500 m, and which indicates
in some points the presence of a second resarvoir.

The prdiminary geotherma modd podulaesthe
exigence of ashdlow resarvoir which may be fed from
degper levdswhere two hydrathermd cdlsare
interconnected by fractures. The geothermd fluids would
be located in old fractured extrusve rocks and their
upward flow controlled by verticd structures (Pesce,
1995).

LOCATION
San Juan Province

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 130-200

CHRONOLOGY
1986 - Frg phase of prefeasibility studies conducted by
Hydro projects SA.-Setec SR.L.-Cepic S.C..

Obsarved geochemicd and isotopic anomdies suggest
the exigence, & drillable depths, of abailing resarvoir
with temperatures above 200 °C, aswdl as 130-150°C
secondary shdlower resarvoirs.

NOTES

NOTES
Thermd anomaly isrdated to subvolcanic bodies
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asndated with the neighboring Tortolas volcano
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consumption and gpproximatdy 77% of itsinddled
.. cgpadity. Of the dectricity generated inthe NIS, 60% is
Bolivia thermodlectric and 40% s hycrodectric.

In June 1995, the government of Balivia announced the

Population (millions) - July 1998 783 cepitalization of EmpresaNaciondl de Bleatridided' s
(ENDE) three main dectriaty generation companiesto

Overdl Electrification (% of population) 64% three U.S. power companies, Dominion Energy, Energy

GDP (billion US$) - 1997 et. $23.1 Initiatives and Congdlation Energy, for $140 million. The
Bdlivia Power Company (COBEE) was purchased by

Real GDP Growth Rate - 1997 est. 4.4% anather U.S. company, NRG Energy. (Capitalization differs

Inflation Rate (CP!) - 1997 7.0% from traditiond privatization in that money pad by the new

Total Installed Capacity (MWe) - 1995 805 partner(s), who also assLimes menegement of the compary,

goes not to the nationd treasury but into the company as
Electricity Consumption per Capita (kWh) - 1998 370 direct invesment.) Thefour generaing companies are
working to increase Balivid s generaing cgpecity for bath

E D d Growth Rat 8.0% . i o7
oy e n z - domestic consumption aswel asto export, primarily to
Prices (US¢/kWh) - June 1998 Brail.
Residential 6.58
Commercial 13.17 - . - . .
Indusirial 736 Bdlivia s per capitadectricity consumption, 370 kWhin

1998, isthe fourth lowest in the region, higher only then
Estimated Geothermal Potential (MWe) 2,490 Haiti, Guatemda, and Guyana. Incressing demands for fud,
which has grown 8% per year rather than the esimated 4-
5%, causad serious shortagesin the cgpitd LaPazin late

Power Summary 1998. Bdliviasdate oil company YPFB will teke
meesures to ded with the fud scaraity, induding the

Balivid sdectriaty sector is made up of aNationd expanson of the Cochabamba-La Paz multi-purpose

Interconnected System (NIS) and three main isolated pipeine, which should come on-stream by the end of 19909.

sysems NIS acoounts for nearly 90% of the country’s
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Government / L egislation

The Bdlivian Government has completdy overhauled the
dructure of the dectric indudry. While the Government
previoudy held direct control of the State enterprises
involved, the Sa€ srole now islimited to thet of a

regulatory agency.
Superintendency of Electricity

The Superintendency of Electricity, the entity with netiona
jurisdiction, is regponsble for regulaing the activities of
the dectric indugtry. The Superintendency of Electricity,
on behdf of the Balivian Sate, grants concessionsto a
legd entity to generate, didribute, or tranamit dectricity.
The maximum term of aconcesson isforty (40) years

Law No. 1604 (December 21, 1994)

The Electricity Law dipulatestha “The adtivitiesrdaed to
the Electric Indudtry shdl be governed by principles of

effidency, trangparency, qudity, continuity, adgptability
and neutrdity.”

The Electricity Law removed day to day operation of the
dectric indudtry from the Government bureaucracies and
indituted aframework for privaeinitiative to fill the
expected needs of the sector. The Government retained
regulatory control of the sector.

In addition, the Electriaity Law fundamentdly overhauled
the tariff Sructure The new dructure dlows generaors to
useamargind cod pricing sysem. Taiffswill directly
reflect costs related to location and peek/off-peek periods.
Subsdiesto low income consumerswill be diminated over
afive year period.

Artide 5 of the law dipulaesthat the exploitation of
renewable resources for the production of dectricity are
regulated by thislaw.

Artide 10 dates that to engage in the attivities of the
dectric indudry, foreign companies must form Balivian
subddiaries.

No Spedific Law for Geothermd

The Hletriaity Law has nat been enough to bring in private
invesment. A geothermd law is needed to outline the rules
of the game, and to increase private investmeant in
deveoping Balivia s geotherma resources.

Geothermal Sites/ Projects

Bdlivia has an edimated 2,490 MWe of geotherma power
potertid.

The objectives of the Bdlivien Government vis-avis
geothermd development, are to encourage privae
iInvestment, promote regiond development, expand and
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diversfy energy exports, and increase the use of the
country’ s renewable resources.

Badlivia s geothermd resources are primaily located inthe
Cordillera Occdentd of the Western Andes Mountains thet
condtitutes the border with Chile, and in the Altiplano. The
aeaisaid and dry with an dtitude of 4000-5000 medl.
Theareais parsdy populated and poor and the principd
economic adivity issmdl-scdemining.

Snce the 1970s, Balivia hasidentified geothermd energy
as an important and complementary source of energy, from
ageogrgphic point of view, to srengthen the southern part
of theNIS. Looking a locd energy supply, geothermd
sources are the most economicd for the southwestern
corner of Balivia Additiondly, Balivia sresources are
well stuated to supply the ever-increesng market in
northern Chile. Forty-two (42) principd thermd
manifestations have been idertified.

In 1976, ENDE and the Minigtries of Energy and
Hydrocarbons and of Mining and Medlurgy, with funds
from the UNDP and assgance from the ENI Group of Itay,
began evauating Balivid s geothermd potentid. Seven
primary aress of geothermd interest weere identified:

Valcan Sgama,
Empexa, Sda
delalLaguna, Volca
Ollague-Cechi
Laguna, Laguna
Colorada,
LagunaVerde,
and Quetana. Of
the seven, three
are conddered
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O "Santa Cruz
LSuCre

Soloei !

Sgama, and f?-'-'--"-l.’CHILE PARAGUAY
VdledeRio ’

Empexa Thee -
arelocated dong the Occidental Cordilleraof the Andes
which runs north-south dong the border with Chile

]
ARGENTINA

Theareaof primary geothermd interest coincides with the
shortage of primary energy dternaives. Dueto the
digance to trangport and distribution systems of
commerdd energy, geothermd energy is grely
gopreciated to be competitive and complementary with
other primary resources.

To date, $16.5 million has been spent on evduating the
country’ s geotherma resources primarily on the Laguna
Colorada project.
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Capachos
CadillaHuma
Laguna Colorada
Pazfia

Poopo

Sgama

Sorocechi

Urimiri

Vdlede Rio Empexa
Vichas-Lupe

WoNoa~wWNE

=
o

B, Cs Li, Rb) but low slica Thesewatersdso have
rdaivey high Ca+ Mg suggesting amixing of reservoir
water with cooler groundwater. "Best esimate’ (BE)
temperature is#135°C, probably closer to 80°C (Goff,
1998).

Capachos

NOTES

The ste does not have obvious dectricd geothermd
potentid unlessthereis an obvious nearby volcanic heat
source and some geologic/hydrologic evidence for

mixing of adegp reservoir component and cooler
near-urface groundwaters. On the other hand, direct use
goplications may be excdlent depending on flow rate and
chemica scding/corrosion condderaions (Goff, 1998).

LOCATION

STATUS
Reconnaissance

Castilla-Huma

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 80-135

LOCATION

STATUS
Reconnassance

CHRONOLOGY
1997 and 1998 - Sample collected by NRECA; andyss
done by Fraser Goff, Los Alamos Nationd Laboratory.

There are chemicd indications of thermd character (As,

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 75-160

CHRONOLOGY
1997 and 1998 - Sample collected by NRECA; andlysis
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done by Fraser Goff, Los Alamos Nationd Laboratory.

Some chemicd indications of thermd character but high
Ca+Mgandlow dlica Mixing of reservoir and
near-surface watersisindicated. BE temperdureis
#160°C, probably closer to 75°C (Goff, 1998).

STATUS
WIS or hole(9) drilled

NOTES

The Ste does not have obvious dectricd geothermd
potentiad unlessthereis an obvious nearby volcanic heat
source and some geologic/hydrologic evidence for

mixing of adeep reservoir component and cooler
near-urface groundwaters. On the other hand, direct use
goplications may be excdlent depending on flow rate and
chemicd scaing/corroson condderations (Goff, 1998).

INSTALLED CAPACITY (MWE) 0

POTENTIAL (MWE) 150-400
TEMPERATURE (EC) 250-260

Laguna Colorada

LOCATION

In the Cordillera Occidentd in the southwestern corner
of the Potos department near the border with Chile; 340
km south of the city of Uyuni; 200 km south of Empexa;
and et of the Tatio geothermd fidd located in Chile
At 67°40W, 22°30'S; dtitude ranges from 4300 to over
5000 medl.

Site composed of threefidds SOL DE MANANA,

APACHETA-AGUITA BRAVA, and HUAYLLAJARA.

CHRONOLOGY
1970s - Steidentified under the UNDP Energy
Resources Evduation Program.

1976 to 1977 - Reconnaissance studies begun with
assgance from the Itdian Government and ENI of Italy.
Work done by the company, Aquater.

1978 to 1980 - Prefeasihility study done by ENDE with
the Itdian Government and the Andean Devd opment
Corporetion (CAF).

1982 - Technicd-economic evauation done of the
ingdlation of 230 MWe plant in Laguna as part of the
NIS.

1985 - Feasihility study begun.
1987 to 1989 - FHve wdlsdrilled to depths of 1180 to

1601 m. Two stages of deveoped were defined: (1) the
ingdlaion of abackpresaure plant of 4-10-MWefor the
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local markets (mining, minera processing plants, and
rurd dectrification), and (2) the drilling of additiond
wellswith the objective baing to ascertain the potentid
necessary for plants of greater cgpacity for the supply of
dectridty to NIS and export to Chile

1990 - ENDE obtained US$8.5 miillion from the Itdian
Government to inddl apilot plant in Sol de Mafiena
composed of two 4 MWe unitsand atransmisson line
for thelocd market.

1991 to 1992 - ENDE degpened reinjection well SM-4
from 1474 to 1726 m, and drilled SMI-5 (1705 m).

Sx wdls have been drilled to an average depth of 1500 m
in the Apachetaand S0l de Maianafidds FHveae
production, oneisranjection. Two production wells,
SMI-2 and SM-5, have potentids of 6.5 MWe and 6 MWe
regpectively.

Thewdls production fluctuates between 350 and 370 t/h
of geothermd fluid (vapor and water), with pressures of
30-48 bar, and reservoir temperatures of 250-260 °C.

1993 - Due to domegtic corruption, the Itdian
Government cancded its promised finending and the
project was hdted.

Following an invitaion to internationd experts, ENDE

contracted with the Enginesring Services of CFE of
México to define exactly the geothermd resources and
the potentid for thair technica and economic

devel opmentt.

CFE s sudy confirmed the minimum potentid of the
fidd a 100 MWe, outlining the fallowing asa plan for
its devel opmentt:

(1) Immediatdy utilize the vgpor of the present wels by
ingaling one or two 5 MWe backpressure units whose
condruction would take 1 to 1.5 years,

(2 Ingdl two condensng plants of 60 MWe eech for a
totd of 120 MWe, for connection to the NIS and export
to northern Chile, which would take 2.5to 3 years

CFE certified thet the potentid of Laguna Coloradais
120 MWe (2 x 60 MWe) for 25 years. Under this
scheme, 20 production wells are required to provide
geam to the power plants, and 7 renjection wdlsto
digpose of goproximately 4400 t/h of resdud water
(Delgadillo, 1998).

Possble markets are mining centers, SIN, and SING. The
tota invesment necessary for SIN (connecting to the
Tdamayu subgtation) is US $159 million; for SING
(connecting to the Cdama subdtation) is US $145

million. The priceto I theenergy isfor SN, US
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$35./MWh; for ING, US $33.4/MWh. Edimated price
is3.5¢/kWh (Amez, July 1998).

NOTES
Energy Initigtives purchased the Laguna Colorada
geothermd rights for $50,140.

The patentid of the Sol de Mafianafidd is esimated as
folows Minimum potentid: 20-30 MWe probeble
potentid: 150-180 MWe possible potentid:  350-400
MWe.

To date, $16.5 million has been invested in the Laguna
Colorada project.

done by Fraser Goff, Los Alamos Nationd Laboratory.

These fluids have some thermd characteridics but high
Ca+Mgandlow dlica Mixing of reservoir and
near-urface watersisindicated. BE temperaureis
#180°C, probably closer to 90°C (Goff, 1998).

Pazia

NOTES

The Ste does not have obvious dectricd geothermd
potentid unlessthereis an obvious nearby volcanic heat
source and some geologicshydrologic evidence for

mixing of adeep reservoir component and cooler
near-urface groundwaters. On the other hand, direct use
goplications may be excdlent depending on flow rate and
chemicd scaing/corrason congderations (Goff, 1998).

LOCATION

Poopo

STATUS
Reconna ssance

LOCATION

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 90-180

STATUS
Reconnaissance

CHRONOLOGY
1997 and 1998 - Sample collected by NRECA; andlysis

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 75-170

CHRONOLOGY
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1997 and 1998 - Sample collected by NRECA; andlyss
done by Fraser Goff, Los Alamos Nationd Laboratory.

Some chemicd indications of thermd cheracter but high
Ca+ Mg and high SO4 (nearly 400 ppm). Mixing of
reservoir and near-surface watersisindicated. BE
temperature is#170°C, probably closer to 75°C (Goff,
1998).

POTENTIAL (MWE) -
TEMPERATURE (EC) 240-250

NOTES

The Ste does not have obvious dectricd geothermd
potentid unlessthereis an obvious nearby volcanic heat
source and some geologic/hydrologic evidence for

mixing of adeep reservoir component and cooler
near-urface groundwaters. On the other hand, direct use
goplications may be excdlent depending on flow rate and
chemicd scaing/corroson condderations (Goff, 1998).

CHRONOLOGY
1970s - Steidentified under the UNDP Energy
Resources Evduation Program.

1976, 1988, and 1990 - Evduations of ste by ENDE
with support from the UNDP, the Itdian Government, and
the IAEA. Sudiesindicated the exigence of ahigh
enthdpy resource.

1992 and 1993 - Additiona studies done by CORDEOR
and GEOBOL. (nationd inditutions).

Sajama

LOCATION
To thewest of the Sgama Volcano, gpproximeatey 250
km from LaPaz.

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0

NOTES

Proposed uses: rurd dectrification, to supply the
Nationd Interconnected System (NIS), and for other
direct ussswith asodd charecter.

Resarvoir temperatures estimated at 240-250°C & a
depth of 800-1200 m.

The next sage should be the drilling of degp exploratory
and production wells

The exigence of apaved road, which isthe internationd
route running to Arica, Chile will fadlitate the
deve opment of the Sgama project.
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Sorocachi

gpplications may be excdlent depending on flow rate and
chemica scaing/corrosion condderations (Goff, 1998).

LOCATION

STATUS
Reconna ssance

Urimiri

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 90-140

LOCATION

STATUS
Reconna ssance

CHRONOLOGY
1997 and 1998 - Sample collected by NRECA,; andysis
done by Fraser Goff, Los Alamos Nationd Laboratory.

Thereare chemicd indications of devated resarvoir
temperature (alittle As, Cs Rb; good B and Li) but
relaivey low SO2. Either the degp reservoir water has
re-equilibrated during flow to the surface or the deep
fluid has mixed with cool near-surface groundwater. BE
temperature is#140°C, probably now cdloser to 90°C
(Goff, 1998).

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 75-180

NOTES

The dte does not have obvious dectrica geothermd
potentid unlessthereis an obvious nearby volcanic heat
source and some geologic/hydrologic evidence for

mixing of adesp reservoir component and cooler
near-urface groundwaters. On the other hand, direct use

CHRONOLOGY
1997 and 1998 - Sample collected by NRECA,; andysis
done by Fraser Goff, Los Alamos Nationd Laboratory.

Some chemicd indications of thermd character but high
Ca+Mgandlow dlica Mixing of reservoir and
near-urface watersisindicated. BE temperaureis
#180°C, probably closer to 75°C (Goff, 1998).

NOTES

The Ste does not have obvious dectricd geothermd
potentid unlessthereis an obvious nearby volcanic heat
source and some geologicshydrologic evidence for
mixing of adesp reservoir component and cooler
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near-urface groundwaters. On the other hand, direct use
goplications may be excdlent depending on flow rate and
chemicd scaing/corrason congderations (Goff, 1998).

Valle de Rio Empexa

LOCATION
In the Cordillera Occidentd west of the Sdar de Uyuni
River; covers an areaof more than 10,000 km?.

Steindudestwo fidds EL DESERTO and FUNETE
DE TOWA.

1977 to 1980 - Prefeasibility study conducted by ENDE
with the cooperation of the UNDP, CAF, and the Itdian
Government. The study induded the drilling of Six
thermd gradient welsto depths of 150-165 m.

The sudy esimated that the resarvoir has temperatures
of 230-240°C at depths of 800-1000 m.

STATUS
Well(9 or hole(9) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 230-340

CHRONOLOGY
1970s - Steidentified under the UNDP Energy
Resources Evduation Program.

1976 to 1977 - Reconnaissance studies begun with
assgance from the Itdian Government and ENI of Itdly.
Work done by the company, Aquaer.

NOTES

Resource esimated to have reservoir temperatures of
230-240°C at depths of 800-1000 m and produce 30 t/h
of vgpor with an enthdpy of 1400 kJkg a 7 bars of
pressure. Chemicd geothermometersindicate 230
340°C reservoir temperatures.

Despite the favorable characteridtics of the Rio Empexa
fidd, devd opment was not pursued because Laguna
Colorada was evd uated to be more economicaly
feegble

Proposad indudtrid uses: minerd extraction of sulfur,
borox, and other minerds. Alsolocd rurd
dectrification. Rio Empexais adjacent to Sdar de Uyuni
where gecthermd power could be used in the
exploitation and trandformation of sdts (lithium,
potassum, borox, and magnesium) and other minerds.
In order to develop this Ste, it isimportant to ascertain
thet financid resources are available. Moreover
governmenta support in promotiona work is needed as
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well as methods to attract private participation through
contractswhich divide risk.

Vichas-Lupe

LOCATION

potentid unlessthereis an obvious nearby volcanic heat
source and some geologic/hydrologic evidence for

mixing of adegp reservoir component and cooler
near-urface groundwaters. On the other hand, direct use
gpplications may be excdlent depending on flow rate and
chemica scding/corrosion condderaions (Goff, 1998).

STATUS
Reconna ssance

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 100-160

CHRONOLOGY
1997 and 1998 - Sample collected by NRECA,; andysis
done by Fraser Goff, Los Alamos Nationd Laboratory.

Water from this Ste has some oedies of therma
character but low glica, fairly high Ca+ Mg and high
HCO (> 1000 ppm). It is probably a mixed water and
may have adaose assodation with carbonate-bearing
rocks. BE temperature is#160°C, probably closer to
100°C (Goff, 1998).

NOTES
The Ste does not have obvious dectrica gecthermd
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Population (millions) - July 1998 14.79
Overdl Electrification (% of population) 97%
GDP (billion US$) - 1997 est. $168.5
Real GDP Growth Rate - 1997 est. 7.1%
Inflation Rate (CPI) - 1997 6.0%
Tota Installed Capacity (MWe) - 1995 5946
Electricity Consumption per Capita (kWh) - 1997 1996
Energy Demand Growth Rate 8.0%
Prices (US¢/kWh) - June 1998

Residential 10.3

Commercial 9.2

Industrial 591
Estimated Geothermal Potential (MWe) 2,350

Power Summary

Chile haslimited indigenous energy resources, and looksto
internationd partners and importsto hdp it meet the
country’ s rgpidly increesing domedtic energy demand.

Hydrodectric power supplies about 60% of the country’s
dectricity nesds with the balance coming from cod (which
Is being phased out due to environmenta concerns) and
naturd gas. Chile's historic dependence on imported
enargy has prompted the Government of Chile (GOC) to
subditute hydro, cod, geothermd, and other renewable
technologies for imported petroleum.

A dgnificant portion of Chilé sincreasad energy nesds
goes to powering the country’s mining sector in the
northern part of the country, and to the large urban arees,
such as Santiago (which done accounts for 40% of the

country’ stotd energy demand).

Chile senergy demand has been doubling every Sx or seven
years, new cross-border trade agreements between Chile
and Argentinawill fadlitate more imports of all, gasand
eventudly dectricd power.

Chile' s energy consumption is projected to rise 15%in the
north and 8.5% in the south-centrd zone. Empresa
Naciond de Electricidad (ENDESA), the leading priveate
power generator in Chile, forecadts that between the year
2002 and 2012, an additiona supply of 21,000
MWe—equivdent to $8 hillion—is nesded jud to medt the
foreseen demand.

Power generation in Chile is organized around 4 grid
sydems 1) the Northern Grid, which accounts for around
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19% of nationd generation; 2) the Centrd Grid, accounting
for 68.5% of nationd generation and serving 93% of

Chil€ s population; 3) the Aysen Grid (0.3% of tota
generaion); and 4) the Magdlanes Grid (0.8% of totd
generation). Approximatdy 1 million peoplein rurd aress
do not have accessto the grid. By 2005, however,
Presdent Fral iscommitted to extending dectric supply to
the entire rurd populaion.

In addition to the 4 grids, “ sdf producers’ acoount for
11.6% of nationd generaion. Electridity transmisson and
didtribution takes place through the 4 grids, aswdl as 36
dectricity digribution companies

In late September 1998, Chile switched to summer time
three weeks early in an effort to conserve energy fallowing
along drought which afected the Centrd Grid. The
drought cut hydrodectric output Sgnificantly, and in
paticular affected utilities such as ENDESA which rdy
heavily on hydrodectricity (80% of the energy used inthe
centrd grid). The drought, coupled with the untimdy
falure of two thermd plants, foroed most of the country to
ration for two weeksin mid-November 1998.

Chilewasthefirg country in Latin Americato liberdize
and privaize the power sector inthe 1980s. Its power
sector is highly competitive. Two companies, however,
ENDESA and CHILGENER, dominate the sector.

Hfty percent of Chile senergy issupplied by private
producers. Eledtricity codts range between 5¢/kWh and
8¢/kWh in the north where thermd sources are
predominant, and 3¢/kVWh in the south where hydropower
resources dominate.

Government / L egislation

Comisgén Naciond de Energia (CNE)

CNE was edablished in 1978 with alaw decreeinthe
Minigtry of Mines. It is charged with coordinating the
plans, policies and gandards of the energy sector and in
particular the dectricity subsector. CNE has cregted three
committees  Eledtrification of Rurd Zones Energy
Effidency, and Energy Altemdives

CNE regulates dectricity prices by setting the “node’ price
of dectriaty in various parts of the country every Sx
months. Thisisthe price that ditribution companies pay
for dectricity and is basad on the margind cogt of energy
and cgpacity. Node prices have varied widdy over the past
ten years.

The only government subsdy that exidsin Chileisfor
invesmentsin rurd dectrification, primarily for amal
solar and wind prgjects. The GOC subgdizes part of the
investment thet the private sector must mekein rurd
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dedtrification with the underganding that the private sector Draft “Law for the Development of Geotherma Resources’
would nat be interested in the business without a subsidy. Sent to National Congress (1991)
Companies engaged in the generation of dectricity mugt A dreft “Law for the Devdopment of Geotherma
coordinate thelr operations for the country’s Centrd Resources“ was sant to the Nationa Congressfor
| nterconnected Power _ _ congderaion in 1991 and is presently nearing passage.
Sydem (SIN) and the ARy CoLivin Approva, and the process needed to develop the regulations
Northern Interconnected - m'é?%, (, neaded to transform the Law into operation, should take
Power Sysem (SING) with Pacfi S 3 S lessthan ayear.
the Economic Load Dispetch o ey d
Center (CDEC). B S The Draft Geothermd Law attemptsto regulate the

mEm o | exploitation of geothermal energy and the terms of
The CDEC as an independent et | £ concessons and licenses, to establish the procedures
operaor, plansand Compiro i necessary for the development of the resource, to lay out
coordinates the operation of Y G the conditions for the environmenta devd opment of the
the plants to ensure secure el resource, and findlly to establish how the proprietor or
and economic effidency in Acglehen S ENTINA owner of ageothermd concession is related as much to the
the electricity sector seespan 1 State as to the private sector.
irrespective of ownership. e
Demend ismet by e i ol The Draft Geothermdl Law defines gethermdl energy as“a
digoatching the available i 6 5 bodyless property, ungppropriable in ownership, but usesble
plants according to their £} and enjoyable in the way assgned by authority.” 1t notes
variable production codts, =§ that afranchiseimplies property rights and thet it can be
from lowest to highest, and i ) 7 o esteblished over ather franchises or rights. 1t isgranted
isthus aways done a the W [ e through a Supreme Resolution of the Mining Ministry with
minimum attaineble codt. el mémﬁ’“‘} aprevious gpplication or public bid and areport by the
Generation companies dl ¢ wx e e S e CNE.
to three markets: the spot S
market, the unregulated market, and the regulaied market.
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The franchise conditionsinduded the use of alegd

contract. The franchisee is obliged to make the invesments
that were agreed to in the contract, induding those
regarding the exploration period and the ones concerning
the inddlation project for the geothermd area

explaitation. The payment of an annud patent feeto the
Sateis established after the exploitation project is

finished. An exploration period with amaximum of five
years (that may he extended two years more) is established.
Three months beforeits end, plansfor an inddlaion
project must be presented and they must indude aworking
schedule and minimum annud investments

The Mining Minidry can cancd afranchiseif the
investment plan is not followed (Gonzdez, 1995). A
rlevant issue for Chileiswhere geothermd fidds are
located and the possihility that a geothermd and mining
concesson could be located in the same area.

Chilé smining sectar, the Sngle biggest indudry in the
country, remansin government hands. At leest apatid
privaization of date ail (ENAP) and mining (ENAMI) is
under condderation. CODEL CO, the State copper
corporation, isby far Chile slargest company, aswell as
the world' s largest copper company.

Anissuiewhichisdill largdy debated is how to guarantee
the right to have or explore a gecthermd concession
without granting aright which has a gpeculdive character.

There are :averd reasonswhy a private entity thet hasa
geothermd concesson could not make an invesment. The
Law esablishes that the owners of aconcesson have
certain deve opmenta benchmarksto reech in certain
periods of time. If these benchmarks are not atained, the
deve oper could lose the concession.

Geothermal Sites/ Projects

Chile has an edimated 2,350 M\We of geothermd power
potentid.

There are currently no geothermd power projectsin Chile,
Any future projects would have to compete equdly with
exising generaion on the interconnected grid. The average
codt of genegration in Chileis 2.1-3.5 ¢/kwWh (Germain,
1998).

Chile began identifying its geothermd resourcesin the late
1960s with assigtance from the UNDP. Exploration has
primarily occurred in the northern part of the country, in
Targpaca (Region 1) and Antofegedta (Region I1). The mogt
in-depth udies have been done a El Tatio. Geothermd
exploraion has been concentrated in this part of the

country because it has few dternative energy sources.

Investigations have shown the exigence of at least 200
geothermd features scattered throughout the country. Low
enthapy resources (less than 100°C) have been identified
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and are abundant dong the eestern 9de of the Centrd
Vdley. Medium and high enthdpy resources are located dl
aong the valcanic mountain chain of Los Andes Cordillera,
in the Quaternary volcanic zones, often in isolated arees

Limited hydrod ectric resources have been deve oped and
oil exploration has been unsuccessful in the northern
mining arees. Asaresult, the Chileen Government
condders gecthermd energy to be agood dternativein
these aress.

Whilein the northern part of the country the dectricity
gydemswork on the bass of fossl fuds (ol and cod), in
southern-mogt Chile the dectric power derives both from
hydrodectric energy and fossl fuds. In many remote areas
diesd dectric power isused. Although the portability and
reaivey low cost of diesd dectric plants has brought
dedtriaty to many rurd communities and indudtries, the
high price of the fud and sysem mantenance have
increased the cost of dectriaity, particularly in remaote
aress.

The above factors suggest that highest priority should be
assgned to the development of geothermd resources for
dectriaty generationinrurd arees. The use of geothermd
energy could reduce the dependence on expendve imported
oil and encourage the establishment of locd indudiries
(Gonzdez, 1995).

Both in northern and centrd-south Chile there are various
aress with high+temperature (200-250°C) geothermd
resources that could be usad for dectricity generation. In
the northern zone, the existence of fluids with temperature
of up to 260°C would permit not only the generation of
dectricaty but dso the production of fresh water, the
recovery of chemica dements contained in the geothermd
fluids, and the explaitation of important non-metalic
minera resources.

In central-south Chile, generdly more inhebited than the
northern zone, smdl dectric schemes based on gecthermd
enagy, could be devdoped in conjunction with agriculture
and aquaculture projects.

Congdering the available gecthermd resources potentia
aswdl asthe geogrgphic and socid-economic conditions
which exig in the different regions of the country:

1. In northern Chile, the mogt important
utilizetion of geothermd energy mugt be the
production of dectric energy. Thiswould
dlow the development of important indudtria
processes such as fresh water production.
recovery of chemicasfrom evgporite
deposits and from the brines of dars sulfur
refining, and others
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2. In centrd-south Chile, in addition to power
gengraion for rurd communities and
indudtries, the mog suitable gpplications of
geothermd energy arein agriculture,
aquaculture, and animd husbandry (Lahsen,
1988).

Alitar

LOCATION
Region Il

Alitar

Cdillo Hot Sorings
Chanchoct-Copahue
Chillén Hat Srings

B Taio

Jurase

LagunaTujacto
PampadeLirma
Panimévida Hot Sorings
Puchuldiza

Sdar de Aguas Cdientes
San Pedro

Suriri

P RPO0O~NOOODSWDNE

el
W Nk

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

CHRONOLOGY

1980 - Identified in Antofagagta (Region I1) Geotherma

Resources Regider.

NOTES

Catillo Hot Springs

LOCATION
Region X

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
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TEMPERATURE (EC) -

CHRONOLOGY
1993 - Prefeasihility study done

fidd.

NOTES

NOTES

Cascaded explaitation of the resource would dlow an
return on invesment in 4.3 to 8.5 years (Gonzdez,
1995).

Chillan Hot Springs

LOCATION
Region X at 36°57'S, 71°33W.

Chanchoc6-Copahue

STATUS
Well(9 or hole(s) drilled

LOCATION

Acrossthe border from the Argentine Ste a Copahue-
Caviahue

In the high mountains of the southern part of Region VIII.

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 2
TEMPERATURE (EC) 210

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

1979 - Prdiminary report completed as part of
Geothermd Resources Regigter program.  Report
conduded thet this remote arealis a vgpor-dominated

CHRONOLOGY

1993 t0 1995 - Prefeasibility sudy done by sate-owned
Ente Naciond de Petralio (ENAP) and Compagnie
Francase Geotmique de Frandia (CFG); induded
geologicd sudy, water quality andyss, and limited
arilling program; 270 m degp dimhdewdl; found
therma waters with 200°C and pressure of 22 kg/am?.

Invedtigators concluded that area could be developed for
both power generation and direct use (tourism).

ENAP has officidly requested support for the project
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from UN/ECLAC for:

(1) Identifying potentid joint venture partners for ENAP,
ad

(2) Identifying possible co-financing sources for
continued sudy.

NOTES

Geothermometers show temperatures thet would dlow
theinddlaion of agmdl Rankine cyde plant generating
2 MWe. NaK-Ca geothermometer temperature
(Truesdel, 1975).

The cost of KW generated would compete with the
average cost of KW generated by treditiond methodsin
Chile (Gonzdez, 1995).

El Tatio

LOCATION

In the Andes Mountains Range in northern Chile, 200 km
eedt of the town of Caamaand the Chuquicameata copper
ming a 22.3°S, 68°W; 4300 med (Region I1).

STATUS
Well(9 or hole(s) drilled

INSTALLED CAPACITY (MWE) 0

POTENTIAL (MWE) 100
TEMPERATURE (EC) 160-285
CHRONOLOGY

1917 - Exploration begun by government egendiesand
private companies

1967 - The Corporation for the Promotion of

Devdopment (CORFO), with UNDP support, began
investigation of fidd.

1969 to 1971 - Sx exploration wdls drilled with an
average depth of 600 m. Verified the exisence of
permesble zones (reservoirs) with a temperature range of
212°C to 254°C.

19730 1974 - Seven production wells drilled which
discovered three permeable layers, from top down: 150-
250 m deep with temperature of 160°C; 460-600 m deep
and 225-230°C; and 700-1600 m deep and 200-260°C.
At presant, of the seven wels, only two are usseble with a
flow rate of 240 t/h and the ability to each generate 85
MWe.

1975 - Hlectroconsult conducted a feesibility study for
theinddlation of a35 MWe plant.

1975 and 1976 - A pilot plant for geothermd fluid
dedination was put into operation to invedigate the
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feadhility of abtaining fresh water from dedtricity
generdion. The plant showed that ten liters of fresh
water could be recovered per second per MW of power
potentid.

1977 - ENDESA, which was then part of the State,
conducted afeashility sudy of condructing a30 MWe
plant.

1988 - Fregport-McMoran offered CORFO an agreement
to complete a its own cogt the exploration of thefidd

on the condition thet it would be granted preferentid
option, for aperiod of five years, and to buy therights
related to the project for asum of $3.7 million.

1990 - Trans-Pacific Geothermd Corporation offered an
agreement with Smilar conditions as Fregport-
McMoran's, for $4 million.

These two agreements did not become concrete dueto a
lack of the promulgation of ageothermd law whose
goprovd was yet to come.

1996 - Chilean consultants on account of CORFO,
caried out asudy with the objective of defining the base
for licenang the property for privaeinitidive. In effect,
the project is the property of the Geotherma Society of
Tatio, SA., which was condructed in 1962 and in which
CORFO has a58% share, leaving the 42% remainder to

privete property.

NOTES

With the recent condruction of the Atacama GasLine
and digribution of gpproximeatdy 5 million me of gas per
day in the north of Chile a very low cog, it would be
difficult to generate dectricity by geothermd a
competitive cods

Electric power production potentid estimated & a
minimum of 100 MWe. Flant could be made a part of
the existing interconnected dectricd sysem.

The geothermd fluid isamixture of sty weter, deem,
and agmd| gasfradtion.

Jurase

LOCATION
Near the city of Putre at 18°12'S, 69°32'W.

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 131
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CHRONOLOGY

NOTES
Waters bdong to the acid-sulpheate type.

Na-K-Ca geothermometer temperature (Truesdell,
1975).

Pampa de Lirima

LOCATION
Location of Quiguata; 3900 mad a 19°53'S, 68°56'W
(Region ).

STATUS
Prefeasihility sudy

Laguna Tujacto

LOCATION
Region Il

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 169-211

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

1969 - UN geophysidd found a 10 ohm/m anomaly.
Sudies began which indicated underground temperatures
of between 169°C and 211°C.

1980 - Induded in agroup of promisng areasfor further
Sudy.

CHRONOLOGY
1980 - Identified in Antofagagta (Region I1) Geotherma
Resources Regider.

NOTES

NOTES
Interesing dueto its proximity to the iron mine of El
Laco.
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Paniméavida Hot Springs

LOCATION
Region X

INSTALLED CAPACITY (MWE) 0

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

CHRONOLOGY
1993 - Prefeasibility study.

NOTES

Cascaded explaitation of the resource would dlow an
invesment return-time of 4.3to0 8.5 years (Gonzdez,
1995).

POTENTIAL (MWE) 190
TEMPERATURE (EC) 175-200
CHRONOLOGY

1967 - CORFO, with UNDP support, began investigation
of fidd.

1976 - Agreement of Cooperation with JICA sgned.
Hve wdlswere drilled, the degpest to 1013 m, witha
maximum temperaure of 175°C. A supafiad thermd
aquifer, detected between 200 and 550 meters, was
interpreted to have atemperaure of over 200°C.

Widl 6 was drilled to 1200 m.

NOTES

Puchuldiza

Salar de Aguas Calientes

LOCATION
19.3°S; 69°W; 4250 mad (Region ).

LOCATION
Region Il neer the LagtarriaVVolcano.

STATUS
WIS or hole(9) dilled

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
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POTENTIAL (MWE) -
TEMPERATURE (EC) -

Suriri

CHRONOLOGY
1980 - Identified in Antofegasta (Region 1) Geotherma
Resources Regider.

LOCATION
A dtlakea 19°S, 69°W (Region 1), dong the AricarLa

Paz highway.

NOTES

STATUS
Prdiminary identification/report

San Pedro

LOCATION
35.1°S; 70.5°W

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 50-60
TEMPERATURE (EC) 110-234

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 195-245

CHRONOLOGY
1972 - Study began.

1979 - Geologicd and geochemica sudies conducted.

1980 - Study abandoned dueto lack of funding.

CHRONOLOGY

NOTES

NOTES

Superhested geam a the Polloguere fumardleswith a
surface temperature of 110°C conddered to bea
promisng area. Na-K-Ca geothermometer temperature
of 234°C (Truesdell, 1975).
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H Columbia

Population (millions) - July 1998 38.58
Overdl Electrification (% of population) NA%
GDP (billion US$) - 1997 est. $231.1
Real GDP Growth Rate - 1997 est. 3.1%
Inflation Rate (CPI) - 1997 17.7%
Tota Installed Capacity (MWe) - 1995 10584
Electricity Consumption per Capita (kWh) - 1997 972
Energy Demand Growth Rate 6.6%
Prices (US¢/kWh) - June 1998

Residential 3.33

Commercial 8.00

Industrial 6.69
Estimated Geothermal Potential (MWe) 2,210

Power Summary

Colombiaisamgor exporter of cod and petroleum.
Hydropower currently provides most of the country’s
dedriaty. Coombiaisinvesing in the expangon of its

dectric generaing capacity with plansto add over 3
gigawatts (GW) by 2000 and an additiond 6 GW by 2010.

Colombid s plansfor the power sector favor investment in
thermod ectric generating capaaity (primarily naturd ges)
a theexpense of hydrodectricity. Cod-fired cgpacity
(currently about 7% of the totd) could dso increese. The
diverdfication of dectric generating capaaity reflects
concern over theimpact of droughts on hydrodectric
generdtion, which has periodicdly forced the country to
ration dectricity. In 1992 and 1993, Columbiawas
virtudly shut down for eight hours a day dueto power
shortages resulting from the drought produced by El Nifio.

In addition to domegtic supply, Colombia dso imports
dectricity from Venezuda A new interconnection
edablished in July 1998 will dlow Colombiato export
dectriaty to neighboring Ecuador, which is experiencing
dectricity shorteges.

Andygs destribe Colombid s dectricty markets as highly
competitive—mogt power issmply sold into agrid sysem
that favorslow cost producers. About 20% of the power
generaed in Colombiaistraded on the country’ s Electricity
Exchange, with the rest sold under term contracts. As of
February 1998, 120 energy companies (induding
generaors, trangporters, digributors, and marketers) were
liged on the Exchange.
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The oot market is o wdl developed that future contracts
have been sructured around it. Nevertheess dectricity
prices have fluctuated over the padt few years primarily asa
result of the country’s over rdiance on hydrodectricity and
the changesin water levels caused by El Nifo. It ishoped
thet the addition of efficient thermd power will sahilize
Colombia sprices

Colombia s privatization process will enter itsfind phase

in 1999 with the sdle of 76.8% of sate-owned ISAGEN,
the country’ slargest power producer and tranamisson
company. Interconexion Electrica (ISA), the tranamisson
company, will be offered to private bidderslater in the year.

The Colombian government is o prepared to

Iha islawie o WAaineln

Providaneis, a0 Sa Bdids Santa

cgpitdizein the fird semester of 1999 severd

~ % g Cenbbean

Privaization of Coombids oL = sex | dedricity companiesinduding Cedelca,
eectricity sector beganin 194 Canaganal G, Cedenar, Quindino, Choco and Talima, which
ater it became dear that the - Franany, _/ Covafa: U S e | @ecurrently weighing down the nationd budget.
government could not keep up h S gl oierad, The Government of Columbia (GOC) hopesto
with the increesing energy wot Y wedsin VR | reise as much as $35 billion from dlectriaity
demand. By theend of 1997, Hagitic ¢ _ privatization in 1999,

Ocean | panus.  @BOGOTA

foragn investors owned over
40% of the country’ s generding
capacity, worth about $4 billion.
Approximatey 55% of power
generation isnow in private
hands by 2010, public utilities
are expected to own only 32.7%
of the country’ s dectricity

BJenaJ.renmr;f

. Cali

The dl-encompassing issue of narcaticswill
continue to affect nearly dl agpects of

| Coombid s palitical and economic
environment. In addition to narcatraffickers, the
country’ s high crime rate and guerrillaterroriam
= | have hurt the business dimete.

BRAZIL

BITRAZ
F e e

generation capacity (compared to
75.5% in 1996).

Privetization of Columbid s power sector began dowly with
the condruction of severa dectric power generation plants
under Build-Operate-Mantan-Trander (BOMT)
agreements

The IDB has gpproved a$350 million loan to
help modernize Colombid s dectricity sector. Part of the
loan will be usad to hdp the GOC develop palicies based
on competition and involvement of the private sector and

srengthen the indegpendence of the sector’ s regulatory
agency. The promation of privete participetion will be done
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manly in digribution induding the privatization of seven
date digribution companies

Government / L egislation
MINISTERIO DE MINASY ENERGIA

According to Miniger Luis Carlos Vdenzuda, the Sta€' s
role in the power sector isto regulate marketsto prevent

monopolies

Indituto de Investigacion en Geostiencias Mingriay
Quimca (INGEOMINAY) ispat of the Minidry of Mines
and Energy.

Laws 142 and 143 (1994)

Laws 142 and 143 developed private competitivenessin
power generation, trangmission, and didribution, aswel as
free access to the tranamisson and didribution networks.

No Spedific Law for Geothermd

Geothermal Sites/ Projects

Columbia has an edimated 2,210 MWe of geothermd
power potentid.

Following the severe 1992-93 energy crigs, the GOC
began working to decrease the country’ sreliance on
hydrodectric power and diversfy power generation
resources. The god isto reduce hydrodectric’'s share of
totd ingaled capacity from 75% to at least 60% by 2010.

Thefirg geotherma reconnaissance sudies were
conducted in the late 1960s; 1500 kim? were evduaed in
the Antioquia Department. A sries of additiond sudies
were then carried out in the 1970s and early 1980s. More
recently, Colombia has not manifested officd interest in
developing its geothermd resources.

Potentid for smal-scde geothermd plantsislarge
congdering thet 70% of the munidpa governments have
less than 10,000 inhabitants whose current leve of energy
consumption could be met through geothermd (Lawrence,
1998).

Azufrd Vdcao

Lagunadd Otin

Las Nereidas-Botero Londofio
Tufifio “Binationd”

Volcan Machin-Rio Toche

gD PE
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Azufral Volcano

LOCATION

In southern Colombia near the border with Ecuador; 12
km northwest of TUgueres, adty with a populaion of
40,000 (Narifio Province).

The Azufrd Volcano ummit isa 4020 med wherea
cddeadructure isfound with adiameter of about 3 km.
Ingdethe cdderaisagreen adid lake, “LalLagunaVerde”

hydrogeologica, and geophyscd sudies, volcanic hazard
study, and assessment of environmentd impacts planned.
Estimated totd cogt is $1.3 million—$1 millionssa
Japan Specid Fund Grant, the balance of the loan from
the Inter-American Deve opment Bank.

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 200-250

CHRONOLOGY

1996 and 1997 - INGEOMINAS began sampling and
prefeasibility sudy of fidd; induded interpretation of
sadlite imegery and geologicd and volcanologica
Sudies.

1998 and 1999 - Two-year exploration program to locate
and characterize the geothermd systlem(s) and to identify
possible drilling targets for afeagbility Sudy to be

caried out. Program will indude geochemicd,

NOTES
Hedd currently being studied.

Although there are saverd volcanoes with associated
geothermd sygtemsin the areg Azufrd isthe most
promising progpect because of itslocation aswell as
from geothermd exploration and volcanologicd points
of view (Bernd, 1998).

Sx srings are assodaed with Azufrd: MALAVERES,
LAGUNA VERDE, QUEBRADA BLANCA, LA
CABANA, SAN RAMON, and RiO VERDE. NaK
geothermometer temperatures range from 200°C to
230°C; pH from 25 @ LagunaVerde, to 9 a Mdaveres
(Bernd, 1998).

Laguna del Otun

LOCATION
Probably associated with the Nevado de Santa | sabd
volcano; part of the Macizo Valcanico dd Ruiz
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STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

INSTALLED CAPACITY (MWE) 0

CHRONOLOGY

1983 - Prefeadbility studies done by Centra

Hidrod éctrica de Cadas (CHEC); sdected three areas of
priority for the drilling of degp exploratory wells Las
Neradas, Lagunadd Otun, and the Machin VVolcano.
Wdlsweredrilled a Las Nereidasfirg.

NOTES

Las Nereidas-Botero Londofio

LOCATION

An areaof 130 kn located in the Centrd Range of
Colombia on the western dope of the Nevado dd Ruiz
Valcano a 3450 mad; part of the Centrd Colombian
Ridge, the northern part of the Andes; part of the Macizo
Volcanico dd Ruiz.

STATUS
Well(9) or hole(s) drilled

POTENTIAL (MWE) 50
TEMPERATURE (EC) 200-260
CHRONOLOGY

1968 and 1969 - Firg geothermd study was doneinan
area covering 1500 km? near the Madizio Volcano by
ENEL of Itdy and CHEC.

1970s - Intense regiond gecthermd exploration by
Indtituto Colombiano de Energia Eléctrica (ICEL).

1983 - Prefeasibility studies done by CHEC; sdected
three areas of priority for the drilling of degp exploratory
wdls LasNeradas, Lagunadd Otuin, and the Machin
Valcano.

November 1985 - Nevado del Ruiz Volcano erupted
killing 25,000.

1992 - CHEC and EPN of México decided to reevauate
the exiding dataand sample additiond thermd fluids

The reault of the sudy indicated a degp temperature
(geothermometer) of 220-260°C and recommended
arilling two wdls of 1500 m in a zone located between
Las Neredas and the thermd springs of Batero Lodofio.

The cogt of thefirg well isedimated a $4.2 million.
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Thetotd project cogt of condructing a50 MWe plat is
estimeted to be $85 miillion.

1997 - FHrg exploratory well (Nereidas 1) drilled July-
Augus. Thewdl was programmed to reach 2000 m but
suffered a strong deviation, up to 42°, to reech atota

depth of 1466 m (Monsalve et d, 1998). Temperature
measured on the bottom was 200°C. Watersfrom
Las Nereldas are bicarbonate-sulfate with compostion
(Giggenbach et d, 1990, in % mol): 94.9 CO,, 3.2 H.S,
0.59 N, 0.47 CH,;, and 0.34 H,.

POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

1983 t0 1985 - Prefeasihility study done by OLADE
with Itdian finandng; located best Stefor degp
exploratory welsin the Aguas Hediondes area. The
geothermd potentid of the area gopears high dthough
the resullts of the sudy areincondusive

NOTES

Waters from Botero Londofio belong to the neutra
sodium chloride geochemicd type. Gases from the hot
springs have the following compasition (Giggenbech &

d, 1990,in% mal): 933 CO,, 4.0H; S, 2.57 N, 0.089
CH,, and 0.06 H,.

NOTES

Areaindudes various dopes of medium temperature of
which the mogt important are Aguias Hediondas (53°C)
and Aguas Verdes (26°C) in Ecuador and Bafios dd Indio
(45°C) in Colombia

The geothermd resourceis currently used in sl
therma complexesin Ecuador and Colombia

Tufifo “Binational”

LOCATION
Located on the border with Ecuador.

Volcan Machin-Rio Toche

STATUS
Prefessibility sudy

LOCATION
Part of the Macizo VVolcanico dd Ruiz; rdated to the
Machin volcano.

INSTALLED CAPACITY (MWE) 0

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
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POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

1983 - Prefeasbility sudies done by CHEC,; sdected
three areas of priority for the drilling of degp exploratory
wdls LasNeradas, Lagunadd Otun, and the Machin
Volcano. Wdlsdrilled a Las Neredasfird.

NOTES

A desp exploratory wdl could be drilled indde the
cdderaa the volcano’' s summit, between the cddera
trace and the western daditic intra-cdderic dome. The
possible geothermd sysem in this areawould probably
be andler than the one a Las Nereidas-Botero Londofio
(Gutierrez-Negrin, 1995).
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ﬁ Ecuador

Population (millions) - July 1998 12.34
Overall Electrification (% of population) NA%
GDP (billion US$) - 1997 est. $53.4
Real GDP Growth Rate - 1997 est. 34%
Inflation Rate (CPI) - 1997 31.0%
Tota Installed Capacity (MWe) - 1998 3000
Electricity Consumption per Capita (kWh) - 1997 612
Energy Demand Growth Rate 8 0%
Prices (US¢/kWh) - June 1998

Residential 4.55

Commercial 4.46

Industrial 4.17
Estimated Geothermal Potential (MWe) 1,700

gtuation gabilized in 1998, with the democratic dection
of Presdent Jamil Mahuad, who took office in August
1998°, its economic progpects have become somewhat
more difficult asaresult of the falout from the global
economic and finendd crigsaswdl aslow commodity
(induding ail) prices

Ecuador has an indaled dectric power cgpacity of 3,000
MWe and an annud dectricity defidt of 10%. Overdl, the
country faces an dectricity defidt of up to 1.4 terrawett
hours, with demand growing a 7% to8% annudly.

Ecuedor isasgnificant regiond crude ail producer and
exporter. Thelargey Sate-operated petroleum sector
remains extremdy important, accounting for one-third of
both public sector revenue and export earnings. With
expangon of the Transscuadorean pipdine, the country
hopes to boogt its ail output sgnificantly.

Power Summary

Ecuador is an important player in world energy markets,
being Lain America s Sxth largest crude ail producer and
its fourth largest exporter. Although the country’ s political

6 Mahuad' s election ended a year and a half-long

political crisis and stalemate which began when

Abdala Bucaram was removed from the presidency

and replaced by Fabian Alarcon, leader of the
Congress. Although Alarcon later won a popular
referendum alowing him to maintain office until
Augugt of 1998, he was unable to undertake the
necessary political and economic reform.

Geothermal Resources in Latin America & the Caribbean

160



Dueto an over-rdiance on hydrod ectric powe—the 1,600
MWe Paute plant done produces more than 60% of
Ecuador’ s dectricity—and seasond droughts, rationing hes
been needed yearly Snce 1992. It is edimated thet these
yearly shortages cost Ecuadorean businesses roughly $500
million per year. The seasond generdting shortages,

privatization and cgpitaization program, which will indude
the partid privaization of dectridity and ol assts will
generate USSL hillion by the end of 1999.

It has been esimated that this demand will require
investments of $3.5 hillionto inddl 22 GWeat nine

coupled with the nation's aready power plants through 2010, dl onaBOT

exiding dectridity defidt, resuitina "0 edh bass. Energy Corp won acontract in June

nationd defidt which can reech over SNl el -- 1998 to supply Ecuador with 105 MWe of

30% of demand. | gy COLOMELA ) dertricity. The energy will be supplied over
: u_,am::“’ o~ Esmerakias xﬂl two years a an average price of $.0758 per

Subsidies for dectricity were cut, ame g | a—r;{“_“\? kilowatt hour.

rasing the price by 25%in B RAMO e §

September 1998. Alsoin 1998, a Vs, e itiin 1| By September 1998, 20 permiits for power

peace tresty with Per(l was Signed, Shieh A Py /| generation projects had been awarded to

ending along-standing border .-;-;-'-e:_?f« * Plckamba ;,f’j private firms, induding the Daule Peripa

conflict which hed existed between L T ___-ﬁuasa“uul ;,-r' hydrodectric fadility (213 MWe) scheduled

the two countries for more than hdf a Cuonca to come online in 1999; the Toachi-Pilaton

century. In November 1998, Ecuador R mhmﬂla /I PERU thermoelectric project (190 MWEe) to come

and Colombiasigned an dectricity ~ Baivar i e onlinein 2002; and the 30-year BOT San

interconnection agreement. Under .- v e v e s | Francisco hydrodectric project (230

the agreament, Colombiawill export L 5 \'\ r MWe).

15 MW of dectricity to Ecuador’'s 2=l

power grid. A $15-million World Bank project is being identified for

Ecuador was dow to embrace the market-oriented
economic reforms taking place dsawherein Lain America
and the dectriaity sector isonly beginning to be privatized.
The Government of Ecuador (GOE) expectsthet the

Ecuador. The project will support structurd and regulaory
reform and privatization of the hydrocarbon, dectridity, and
telecommunications sectors (Deve opment Business, 16
February 1999).
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Government / L egislation

Subsecretaria de Electrificacion

The Subsecretaria de Electrificacion assumes the duties
formerly held by the State utility monopaly, the Indtituto
Ecuatoriano de Electrificacion (INECEL). Asaresult of
the 1996 Hlectric Law, INECEL will divest itsdf of dl its
asatsand ceaseto exid. The utility will be privatized by
Jduly 1, 1999.

Consgo Nadiond de Eledtrificacion (CONELEC)

CONELEC replaced INECEL to become the agency
responsible for the development of anationd dectric plan
aswdl asthe regulation and contral of the ectric sector.
CONELEC will havefind gpprovd of dl dectric power
rates.

Power generation activities will be developed ether
through concessons or capitdization granted by
CONELEC. Concesson of trangmisson sarvices will be
granted exdudvey to one company owned by the GOE;
concession of didribution and commeradizaion will be
granted by CONELEC to severd corporationswith
exdudvity in their assgned arees

Companies granted concessons mudt carry out activitiesin
accordance to Ecuadorian environmenta regulaions,

establishing an environmentd impact sudy and an
environmental manegement plan.

Law for the Electric Sector (September 18, 1996)

The Hledtrification Law ends the GOE s monopaly inthe
generdion, transmisson, and digtribution of dectric power
and encourages free market competition, transparency, and
effidency.

It dlowsfor the trandfer of INECEL’s assetsto public
corporaionsthet can then sal up to 39% of their gock to
private invegtors and an additiond 10% to employees The
newly crested companies will operate exising dectric
generation projects or will build new plants under
CONCessoN agreements.

The Solidarity Fund was crested to manage resources
resulting from the privatization process. Shareswill be
offered to qudified operators, either nationd or
internationd.

No Spedific Law for Geothermd

The new Electridty Law promotes the use of
non-conventiona energy generation sources. Companies
that inddl and operate dectricity plantsusng
non-conventiond energy sources are exempt from paying
incometax for aperiod of five years
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Under Ecuador’ s congtitution, al subsurface resources are
property of the State.

Water Law (1972)

Ecuador’ s surface and subsurface water resources were
nationalized by the Water Law of 1972.

Geothermal Sites/ Projects

Ecuador has an edimated 1,700 MWe of geothermd power

potentid.

INECEL begen the firg assessment of the country’s
geothermd potentid in 1978, and in conjunction with
OLADE, conducted a nationwide reconna ssance
Ecuador' s geothermd resources are located in the Andes
Mountains and aong the border with Colombia

From theseinitid sudies, which were completed in 1980,
high-enthapy geothermd aress were sHected and
prioritized based on the results of hydraulic and weter
chemigry andyses  Thethree areas with the highest
priority are Tufifio-Chiles (located on the Colombian
border), Chaupas, and Chachimbiro in Imbabura Province.
Additiond gudies of these areas were donein the early to
mid 1980s by INECEL, OLADE, and the Itdian
Government.

Other areas dassified as promisng are the Iguan Volcano
and Chdpatan Cdderaareaand VVdle delos Chillos
USAID funded aprefeashility sudy for adirect use project
a thelater tefrom 1982 to 1985.

1. Chachimbiro
2. Chdupas
3. Cuenca
4. Iguan Volcano-Chdpatan Cddera
5. Tufino “Binationd” 2
Chachimbiro
LOCATION

In the West Andes Range (Cordillera Occidenta) about
70 km north-northwest of Quito and 17 kn northwest of
Ibarra; & 0°25'N, 78°17W in the Caygpas-Cotacachi
Nationd Park; at 2560 mad (Imbabura Province).

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 60-240

CHRONOLOGY
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1983 to 1986 - Geothermd exploration sudies funded
and carried out by INECEL.

Found maost frequent thermd menifestations are of the
dkdi chloride type with medium to high thermdlity and
flows of 70 litergminute. Thetotd dissolved solids
increase as heavy isotopesin solution increase (Aquilera,
1998).

Theinferred depth of the reservair is between 1000 and
2000 min volcanic fractured rocks & the base of the pile
of Filocenic lavas

1987 to 1990 - Superfida geologicd and geochemicd
studies undertaken by INCEL interrupted.

Chalupas

LOCATION

In the Cordillera Redl about 60 km southeest of Quito
and 35 km northeest of Latacungg; in an isolated, not
eedly accessble area (Fichincha Province). The
Cotopaxi Nationd Park, ste of the Cotopaxi Volcano, is
the dosest neighbor to the Chdupas fidd.

STATUS
Preiminary identification/report

NOTES
Temperature a depth based on geothermometry is 240°C
(Aquilera, 1998).

From Ibarra, a 20 km paved road goesto Ureuqui. From
Ureuqui, an 18 km gravd road goesto theste. The 130
KV Quito-lbarratransmisson line of the Nationd
Interconnected System is about 25 km from the center of
the area

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 180

CHRONOLOGY
1983 to 1986 - Geothermd exploration sudies funded
and carried out by INECEL.

Geochemicd sudies conducted, induding 45 surface and
subsurface water sampling points both ingde and outsde
the cddera Of the 45, 26 are thermd with temperatures
ranging from 26°C to 37°C. The mog frequent chemicd
types found were dkdine-earth and dkdine bicarbonate,
within which subgroups based on their Hinity and
temperature have been defined. VduesarepH are
between 6.1 and 6.8.
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North of the cddera sulfate water with anmoniaand
boron anomdies have been found; degp temperatures
should exceed 180°C.

The heat source isinferred to be alarge magma chamber
a adepth of about 10 km (Aguiera, 1998).

Preiminary identificetion/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

NOTES

The evidence of ageothermd areaisalarge cddera
gructure of recent age which are associated with igneous
eruptions and hot arings of medium temperature.

Thefidd can be reached by an about 50 kmHlong grave
road which runs dong the northern and eagtern flanks of
the Cotopaxi VVolcano, and is connected to the Pan
American highway near the town of Lasso.

The 130 KV Pisayambo-Santa Rosatranamission line of
the Nationd Interconnected System is about 25 km from
the center of thefidd.

CHRONOLOGY

NOTES

No specific datais known about the high enthdpy
potentid of thisresource. There are various possihilities
for itsdirect usein addition to its current tourist and
thergpeutic uses.

Iguan Volcano-Chalpatan Caldera

LOCATION

Cuenca

STATUS
Prdiminary identification/report

LOCATION
In Azuay Province, location of some of the most well-
known hot soringsin Lain America

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

STATUS

CHRONOLOGY

NOTES
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Tufifo “Binational” 2

LOCATION
On the border with Colombia

STATUS
Prefeasihility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY

1983 t0 1985 - Prefeasihility sudy done by OLADE
with Itdian finandng; located best Stefor degp
exploratory welsin the Aguas Hediondes area. The
geothermd potentid of the area gopears high dthough
the resullts of the udy areincondusive

NOTES

Areaindudes various dopes of medium temperature of
which the mogt important are. Aguas Hediondas (53°C)
and Aguas Verdes (26°C) in Ecuador and Banos dd Indio
(45°C) in Colombia

The geothermd resourceis currently used in sl
therma complexesin Ecuador and Colombia
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Population (millions) - July 1998 26.11
Overdl Electrification (% of population) 2%
GDP (billion US$) - 1997 est. $110.2
Real GDP Growth Rate - 1997 est. 7.3%
Inflation Rate (CPI) - 1997 6.7%
Tota Installed Capacity (MWe) - 1995 4520
Electricity Consumption per Capita (kWh) - 1997 502
Energy Demand Growth Rate 10.0%
Prices (US¢/kWh) - June 1998

Residential 1256

Commercial 10.22

Industrial 4.75
Estimated Geothermal Potential (MWe) 2,990

Power Summary

PerU sdectric power demand is growing rapidly, and is
expected to reguire $300-$350 million annudly in
investment through 2000. Power demand increases are

being driven by populaion and economic growth, dong with
expangon of the country’s copper mining sector, whichis
highly energy-intendve

Peruvian energy production increased 4.6% in thefirg 11
months of 1998, according to the Minigtry of Energy and
Mines Hydro energy accounted for just under 77% of dl
generation, up 6.4% from 1997. State-owned ElectroPert
dtill accounted for 35.9% of dl generation followed by
privatized EDEGEL and EGENOR. Electricity coverage
increased to 72%.

Per(’ s over rliance on hydropower has led to sporadic
power outages in times of drought and during severe E
Nifio occurrences (1992-1993). The Government of Pert
(GOP) egimates that the most recent El Nifio (1997-1998)
caused a leest $1 hillion damage.

Per(d’ s power sector was ndiondized in 1972 with
HectroPertl sarving as the main holding company of ten
sndler regiond dectriaty compenies. Thelegd
framework governing Per(i’ sdectridity sector Sncelate
1992 represents aradica change with respect to prior
legidation. Itismodded after the Argentineen, Chilean,
and British frameworks.

The GOP is continuing privatization of power utilitiesand
encouraging foreign invesment in new generation plants
Between 1992 and 1995, this program raised about $5
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billion (plus $4 hillion in investment pledges). Recently,
privatization has continued & a somewha dower pace.

The GOP expects to collect between US$800 miillion and
USH1hillion from privatizationsin 1999, modly intheail,

mining, agriculture and dectridty sectors Privaizaionis

expected to be completed by 2000.

The GOP recaved ahard blow in July 1998 when Shell
announced its decison to pull out of the huge Camisea
prgect giving the fallowing reesons. the underlying
economics of the project had been weekened by the
discovery of difficult fracturesin the rock which would
have meade production more problematic and codtly; and low
ol pricesmadeit harder to find finending. Domedic

issues eg., anindility to reach agreement over gas
didribution, disagresments over tariff sructure, and the
GOP ruling out gas exports, gppear to have tipped the
bdance againg the project (Latin America Monitor, August
1998).

According to Jorge Camet, former economy minister and
heed of the commission for Camisea (formed after the
Shdll-Mohil pullout), Camiseawill be tendered in the firg
quarter of 1999. Camet acknowledged that no market for
ges currently exigtsin Pert and would have to be deve oped.

Rurd dectrification isahigh priority for the GOP which
will invest more than US$100mn annudly over the next few

yearsto generate 270 MWe for supply to rurd zones The
target isoverd| dectrification of 75% by 2000. Each 1%
increment demands US$70-80 million.

Government /
L egislation

Minigerio de

Eneagiay
Mineria (MEM)

The Energy
Minigry is
respongble for
enfordng
compliance with
laws regarding
dedriaty, and
implemanting
the Organic Law
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on Geothemd Resources.

Organismo Supavisor delalnversén en Energia

(OSINERG)

OSINERG has oversght authority over energy invesments
and enforcement responghility for the Geothermd Law.
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Centro de Consavacion de Enargiay dd Ambiente
CENERGIA

With the privatization of ElectroPertiin 1993, CENERGIA
assumed the country’ s renewable energy programs
induding geothermd.

CENERGIA’sprincipd objective vis-&vis geothermd, isto
promate the devel opment of gecthermd through privete
initiative and technica assstance and internationa

finendng.

Decree Lawv No. 25844, Law of Electricd Concessons
1992

The Law of Electricd Concessons established afree-
market legd framework for Per(’ s dedtricity sector. The
comprehengve privaization plan will trandfer dl public
power enterprisesto the private sector by 2000.

The Law and its regulaions encourage the flow of private
cgpitd into the sector through the creetion of a competitive
environment, implemented by dividing the sector into
Separate busness lines and establishing regulated and non-
regulated markets

The Law ds0 edablishes regulatory bodies, which are
respongble for the functioning of the reformed sector.
These regulatory bodies are:

1 the Generd Bureau of Electriaity, adivison
of the MEM which isresponsble for
enforang the laws and regulationsfor the
dectric sector;

2. the Electric Taiff Commisson (CTE), an
autonomous organization of the MEM
respongble for determining dectric tariffsin
the regulated segment of the market; and

3. The Committee for Economic Operation of
the Sysem (COES) composed of the owners
of generation plants and the primary
tranamission sysemswhose fadlitiesare
interconnected which operateswith theam
of coordinating member operations & the
minimum cog, guaranteaing the rdichility of
supply, and ensuring the effident use of
[power resources.

On November 6, 1997, the Peruvian Congress gpproved
legidation which limited firmsto a15% market sharein
dectriaty generaion, trangmisson, or didribution. The

law a0 dlows the GOP to blodk any acquigtion which
would give a private company more than a5% market dhare
in more than one dectric power sector. Findly, the
legidaion gives the GOP the right to veto any acquigtions
deemed contrary to the “netiond interest.”
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Oroanic Law on Geotherma Resources (1997)

The Organic Law on Geothermd Resources (Ley Organica
de Recursos Geotérmicos) was enacted in July 1997. The
document pedifies the regulaions on the exploration and
development of Perti’s geothermd resources. Reguldions
have yet to be written.

The Law will dlow any properly qudified person,
individua, or company, Peruvian or foreign, title to
geothermd rights. Geotherma concessions, required for
exploration beyond reconnaissance work (surface), will be
granted in 25-hectare units up to 1000 hectares for a 30
year period which can be extended.

Equipment and supplies required for geothermd
exploration aretax exempt. In addition, the concesson
holder will have the right of way to carry out exploraion
and devel opment of geothermd energy. If geothermd
enargy isusad to generate dectricity, the concesson
contract for development will be automaticaly extended
for dectricd generation (governed by the Law of Electrica
Concesson).

Theprincipd characteridics of the Geothermd Law are
1. Defining the differentiation between

exploraion permits and exploitation
CONCESIONS,

2. | dentifying the MEM asthe “one-stop shop”
for geothermd activities

3. Providing roydtiesto the Sate and rates for
the area exploited,

4. Defining a program of exoneration of certain
import duties and

5. Permitting amortization of exploration cogs
over fiveyears

Geothermal Sites/ Projects

Perti has an edimated 2,990 MWe of geothermd power
potentid.

The devdlopment of Per(i’'s geothermd resources would
offset the country’ s over-dependence on hydropower which
is affected by periodic droughts.

With &t leest 1,000 MWe of geothermd potentid, Perti
could eedly double or triple its energy supply, and replace
al died genegrators and hydrocarbon use by usng
geothermd asbasdoad. To date, hundreds of megawatts of
geothermd energy are baing produced by mining
companies and indudrid fadlitiesfor private use
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Geothermd resources have been evaluated in over 100,000
kn? of southern Perll. The mogt promising Sx aress
identified by ElectroPerll are Cgamarcaand LaLibertad,
Cdlgon de Huaylas, Churen, the centrd highlands, the
volcanic cordillerain the south (Aarequipa, Moguega, and
Tacna), and Cuzco and Puno (Lawrence, 1998).

Per( has severd active volcanoes, eg., Corpuna (6425 m),
Sabancaya (6000 m), Midti (5825 m), Ubinas (5672 m),
Tutpaca (5806 m), Ticsani (5450 m), Y ucamani (5500 m),
and Cdientes (5200 m); hundreds of inective volcanoes of
dl 9zes thermd gringsrich in mingdsin many regions

of the country; and severd geyserswith temperatures dose
to 100°C.

Per(' s gecthermd resources are primarily located on the
western dopes of the Andes Mountains and in the high
plateau in the southern part of the country. The zoneswhich
represent the best condiitions for the exploitation of
geothermd resources are digned in an axis gpproximatey
parald to the western cordillera of the Andes and neer the
active and inactive volcanoes located in this zone.

Reoconnaissance and prefeasibility sudies of the country’s
geothermd potentia have been conducted by severd
Perwvian inditutions induding ElectroPer(l, INGEMMET,
CENERGIA, the Proyecto Especid Tacna (PET), and the
Indituto Peruano de Energia Nudear (IPEN), with the
cooperdtion of variousinternationd organizations, eg.,

OLADE, IIE, Aquater, and IAEA. Feeshility Sudiesto
determine pecific areas potentid are yet to be done.

The areas that have been evduated are Chivay, Borateras,
Cdaocoa, Cdientes and Cdlazas. Usng OLADE's
evduation criteria, Colca-Chivay was sdected asthe Ste
with the grestest short-term potentia for development.

Perti began exploring the country’ s geothermda resourcesin
1978 when INGEMMET conducted anationd inventory and
identified 9x areas of geothermd interes—1 - Cgamarca,

2 - Huaraz, 3 - Churin, 4 - Centrd, 5 - Cadena de Conos
Volcanicos, and 6 - Puno-Cuzco.

Theinventory was followed up in 1979 to 1980 by
geothermd survey's of three departmentsin southern Pert:
Areguipa, Moquegua, and Tacna. The most promising arees
in these departments, in order of importance, were Group

A: Cdaooa, Maure, Sdinas, Chachani, and Chivay; Group
B: Puquio, Painacochas and Orcopampa; and Group C:
Cotahuas, Coropuna, Cailloma, and Mazo Cruz (Diag,
1988).

ElectroPerti continued geothermd development in 1980
with a prefeesihility sudy of region 5 with assstance from
the Itdian Government. Challgpaca and Arequipawere
dated for prefeesihility Sudies followed by drilling, fidd
development, and the ingdlation of power plants beginning
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in 1988. In 1983, work began on assessing the potentid of
regions 1-4.

In 1997, internationd experts from the European
Commisson under ajoint program with the United
Nations-Economic Commission for Lain Amearicaand the
Caribbean (UN/ECLAC) identified apilot project in the
ColcaVdley in southern Pert.

A USGIC fidd survey team funded by Sendia Nationd
Laboratories, traveled to southern Perti in September 1998.
Thetrip confirmed the exisence of & leedt three high
temperature gecthermd arees—Borateras, Cdientes, and
Hua ca-Hua ca—that could be deve oped to produce
ggnificant (10 to over 100) MWe of dectric power. The
andesitic and rhytdlitic terrain in these areasisSmilar to

that found in Cdifornia, Nevada, 1daho, Oregon,
Waghington, and Alaska,

U.S. gecthermd companies can contact Project Especid
Tacna (PET) to becomeinvolved in the Borateras project.
When geothermd regulaions have been written, and power
pricesriseto 6-7¢/kWh, Cdientes and Hud ca:Hud camay
become economicdly vidble

It isunlikely thet Pert will buy power much above 4¢/kWh
or from fedilities thet cost more than $1000-1500/kW
ingdled. Accordingly, geothermd power will be purchasd
when and if it can meet these criteria (Huttrer, 1999).

Borateras (Maure River Project)
Cdachaca

Cdacoa

Cdientes

Cdlazas

Cdlgon de Huaylas
Chivay
HudcaHudca
LaGrama

Otuzco

Tecdaya
Tutupaca-Cdaoca

RPRPRPOO~NOOOODWDNE

[EY
A,

Borateras (Maure River Project)

LOCATION

In southern Per(; within the Barroso volcanic region;

near the mining centers of Toquepaa, Cugone, and
Quelaveco; near the Rio Maure 4500 med (Chdlgpdca
Lot, Tacna Depatment).

STATUS
Well(9) or hole(s) drilled

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 5
TEMPERATURE (EC) 204-240
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CHRONOLOGY
1979 to 1980 - Survey conducted by INGEMMET.

Geologic and chemicd sudies have been done by
INGEMMET, PET, and IAEA-IPEN. Nali
geothermometer temperatures = 204-240°C; NalK/Ca =
184-212°C.

1908 - USGIC fidd survey group travdled to Stein
September; took measurements and obtained data;
concluded thet Borateras gopear to be alocus of the
boron and arsenic which PET obsarvesiis palluting the
Maure River.

Borateras has about the same geothermd power potentid
as Cdientes, and aproject developed here could hdp
PET with its boron and arsenic problems and sdll power
to PET (Huttrer, 1998).

Boron and arsenic rich thermd sarings are contamingting
water destined for consumptionin Tacna Theproject is
to st up a5 MWe power plant to supply power to the
local population and power pumpsin the Cdlgpumaand
B Ayro aquifers The Aricota Taratatranamisson lineis
25 km away.

Calachaca

LOCATION
Tacna Department

STATUS
Preiminary identification/report

NOTES

Boraterasis comprised of upper and lower springs, a
travertine mound, and fault-contralled sorings. Within
the volcanic arc of Barroso caldera sructures and domes
in Challgpd ca evidence the exigence of a geothermd
source a shdlow depth. Project Especid Tacna (PET)
hes sampled these waters and drilled some dimhole tet
holes 30 priminary chemicd andyses and coresare
avalade

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY
1979 to 1980 - Survey conducted by INGEMMET.

1998 - USGIC fidd survey group travded to Stein
September; took measurements and obtained data;
concdluded that Calachaca gppearsto be alocus of the
boron and arsanic which PET obsarvesiis palluting the
Maure River (Huttrer, 1998).
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NOTES

Calacoa

LOCATION

In southern Per(; within the Barraso volcanic arc near the
Ticsani Valcano (extinct) and the Ubines VVolcano
(active); inthe high plateau in the baain of the Carumas
and Tambo Rivers, 3500 mad (Tutupaca Lot, Moguegua
Department).

NOTES

Thedectricity generated could iy the domestic
demand of the surrounding towns, and could be
connected with the Aricota-Cugone tranamisson line
whichis25 kmaway. A geothermd plant could replace
the exiding thermd plants

Calientes

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 180-190

CHRONOLOGY
1979 to 1980 - Survey conducted by INGEMMET.

1994 - Geovolcanologic Sudy and inventory of the
Tutupaca area conducted by ElectroPerti and
INGEMMET. NaK geothermometer temperatures =
180-190°C; SO2 = 110-160°C.

1997 - |1E conducted a prefeagibility Sudy of area

LOCATION

In southern Perti in Locumba Provinee within the

Barroso volcanic arc between the Tutupacaand Y ucamane
Volcanoes (extinct); in the high plateau of the Cdlientes
River basin; connected to the Toquepda and Cugone
Mines, thermd areaiis 2-3 km long, 200-300 m wide, has
abundant bailing arings some smdl (1 m high) geysars,
gliceous dnters, 4500 med (Tutupaca Lot, Teacna
Department).

STATUS

Prefeasibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 5
TEMPERATURE (EC) 180-240
CHRONOLOGY

1979 to 1980 - Survey conducted by INGEMMET.
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194 - Prefeagbilty Sudy done by I1E. Geovolcanologic
study and inventory of the Tutupaca area conducted by
ElectroPerti and INGEMMET. NalK gecthermometer
temperature = 240°C; SO2 = 180°C.

The exigence of daditic domes and fumardesin rdaion
to the recent magmétic activity indicates the exisence of
ashdlow active megma chamber.

1997 - 11E conducted a prefeegibility study of area.

1998 - USGIC fidd survey group travded to Sitein
September; took measurements and obtained data;
concluded that Cdientes gppearsto have Sgnificant
potentid for dectric power generation and posshble
cascaded crop-drying gpplications (Huittrer, 1998).

In southern Perti in the high plateau of the Rio Cdllezas
bagn in the Locumba Province within the Baroso
volcanic arc near the Tutupaca Volcano (extinct);
connected to the Toquepda and Cugone Mines, 4500
mad (Tutupaca Lat, Tacna Department).

STATUS
Prefessibility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 180-240

NOTES

The dettricity generated could satisfy the domedtic
demand of surrounding towns and could dso supply
enagy to the southern part of the country through the
Aricota:Cugonetranamissonline. It would dso
diminish contamination by arsenic to the waterswhich
are actudly used inllo, Item and the Locumba Vdley.

CHRONOLOGY
197910 1980 - Survey conducted by INGEMMET.

1994 - Geovolcanalogic Sudy and inventory of the
Tutupaca area conducted by ElectroPert and
INGEMMET. Prefeasibility sudy doneby IIE. NalK
geothermometer temperature = 240°C; SO2 = 180°C.

1997 - 11E conducted a prefeegibility study of area.

Callazas

LOCATION

NOTES

The dedtricity generated could satisfy the domedtic
demand of surrounding towns and could dso supply
enagy to the southern part of the country through the
Aricota-Cugone tranamisson line
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Callejon de Huaylas

LOCATION

Chivay

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

LOCATION

In southern Perts;; within the volcanic arc of Barroso near
the extinct Ampato and Hudca-Hudca and the ective
Sabancaya volcanoes, in the 60 km long Colca River
Vdley, the second desgpest valey in the world known for
its agriculture and tourism; 2800 mad (ArequipalLat,
Arequipa Department).

CHRONOLOGY

NOTES

STATUS

Prefeasibility study

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) 2-4
TEMPERATURE (EC) 170-190
CHRONOLOGY

1979 to 1980 - Survey conducted by INGEMMET.

Studies conducted by OLADE, IAEA, AQUATER,
INGEMMET, and the European Community. S/O2
geothermometer temperatures of 170-190°C.

1997 - |dentified by UN/ECLAC as part of the
“Development of Geothermd Resourcesin Lain
Americaand the Caribbean” Project. Thereisagood
passihility thet the EU and a private company may co-
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finance the project (Morey, 1998).

NOTES

Colca-Chivay isan isolated areawith good tourist
patentid dueto itsthermd hot Saringsin aremote,
mountain setting. The project concept isto inddl 2-4
MWefor thelocd population (10 surrounding towns) as
well asto sarve thetourigt resort.

The exigence of amdl active domesindicatethe
presence of magmatic chambersa shdlow depths. Itis
estimated that volcanic activity (lava) ended 100,000
years ago.

Thiszoneisnat yet connected to the nationd grid of the
Southern Interconnected System of Pert but plans are
underway to do soin the near future. The Tintaya
Charcani tranamisson lineis 20 km avay.

There are no exploraion sudies of the geothermd
resources dong the Vale dd Rio Calca, but thereis
evidence of the great potentid of thearea. Volcanic
activity isrecent and of adifferent kind with domes,
igneous rocks, and outflows, and at the end of the 1980s,
the Sabancaya V olcano became attive again with the
emisson of ashesand causng alavaflow in 1993 which
reached Rio Colca

In addition, there are recent fractures of the neotectonic

type which indicate that not only Sabancaya but thewhole
vdley isattive A tegt of thisisthe gushing forth of a

new geyser dong the Shihuihayco. Thisevidence and the
presence of thermd bathsin La Cderaand dong the Rio
Colcapaint to the Chivay zone asthe highest priority in
the country.

Hualca-Hualca

LOCATION

In southern Pert; in the 60 km long Colca River Valey,
the second degpest valey in the world known for its
agriculture and touriam; areais 1-2 kn? with superheated
dry seam vents, bailing mud pots, hot springs, and
paeosolfataras, 4450 med; (Arequipa Department).

STATUS
Preiminary identification/report

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) -

CHRONOLOGY
197910 1980 - Survey conducted by INGEMMET.

1998 - USGIC fidd survey group travded to Stein
September; took measurements and obtained data;
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condluded that Hud ca-Hud ca has world-dass potentid
for power generation. Drawbacks indude that
tranamisson lines are now only being built in the Coca
Vdley and danger to a power plant from the eruption of

Otuzco

LOCATION

the HudcaHudca VVolcano is very red (Huttrer, 1998).

NOTES

STATUS
Prdiminary identification/report

La Grama

LOCATION

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)

STATUS
Preiminary identification/report

CHRONOLOGY

NOTES

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -

Tacalaya

TEMPERATURE (EC) -

CHRONOLOGY

LOCATION
Tacna Department

NOTES

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWE)
POTENTIAL (MWE)
TEMPERATURE (EC)
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CHRONOLOGY
1979 to 1980 - Survey conducted by INGEMMET,

NOTES

entities and internationa cooperation to continue
investigetion of the area.

Tutupaca-Calaoca

LOCATION

In southern Pert; in the provinces of Canderave and
Sanchez Caro, near the headquarters of the mining
centers of Toquepda, Cugone, and Qudlaveco
(Moguegua Department).

NOTES

The exigence of valcanic explosons and domes of
recent age and the abundance of hot sorings and
fumarales of high temperature indicate the presence of a
high enthalpy resource.

STATUS
Prefeasihility sudy

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 200

CHRONOLOGY
1979 to 1980 - Survey conducted by INGEMMET.

1987 to 1994 - Prefeadbility udiesindicated a
possible temperature in the deep aquifer of
goproximatey 200°C,

1995 - CENERGIA devedoped aprogram to invite private
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Population (millions) - July 1998 22.80
Overall Electrification (% of population) NA%
GDP (billion US$) - 1997 est. $185.0
Real GDP Growth Rate - 1997 est. 5.0%
Inflation Rate (CPI) - 1997 38.0%
Tota Installed Capacity (MWe) - 1995 18980
Electricity Consumption per Capita (kWh) - 1997 2578
Energy Demand Growth Rate 4.5%
Prices (US¢/kWh) - June 1998

Residential 111

Commercial 3.40

Industrial 2.88
Estimated Geothermal Potential (MWe) 910

Power Summary

Venezuda has the highest per cepitarate of power
consumptionin Latin Americaand abundant sources of
generdion: vad rivers sysems for hydrodectricity and a

plentiful supply of fossl fudsfor thermodectricity. Power
outages are rdativey rare, and normdly limited to amdl
sectors, usudly caused by digribution transformer
breskdowns.

About 75% of Venezudd stotd inddled capadity is
hydropower. During early 1998, low rainfal caused a leest
in part by the Bl Nifio weether phenomenon, cut
Venezuda s hydrodectric output and raised the possihility
of raioning. In Augugt 1997, atrandformer faled a the
huge Guri hydrodectric complex, causng a power outage
throughout 80% of Venezuda

Venezudd s dectricity sector isahybrid of five date-
owned and seven private companies; the former accounting
for 87% of nationd capacity and 100% of hydrodectric
cgpadity. Thelargest state company is Electrificacion dd
Caroni (EDELCA), with 63% of operating capadity and
79.4% of the power generated by the public sector.

Venezuda has the world' s Sxth largest ail resarves. In
1998, ail accounted for 70% of the country’s GDP. Driven
by week ail prices Venezudadipped into recessonin late
1998, losing $1 hillion for every $1 per barrd drop in ail
prices Budness confidencefdl to a2%2year low.

Interest rates are up sharply (to 70% or more), while
inflation and unemployment remain high. New invesments
and privaizations have been ddayed.
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Venezudafaces rgpid dectricity demand growth, combined
with serious under-investment in its power sector, which

has resuited in shortages and aneed for private invesment
(en estimated $5.7 hillion over the next five yearsin
trangmisson and didribution done). Hydrodectric' s share
of power generdion is expected to grow as Venezuda adds
about 8 GWe over the next five to ten years. With
hydropower potentid estimated & 70 to 80 GWe or more,
Venezudahas plansfor severd additiond plants

Venezuda hastaken initid Sepstoward privatizing and
reorganizing its Sate-owned power sector companies but
the process has been ddayed severd times The
Government of Venezuda (GOV) will privatize thermd
generaion fadlities dectriaty disribution companies
and smdl-scdetrangmisson (115 kV or lower voltage).

The GOV has begun the privaization of severd large
dectric utilities to modernize and improve the rdiability of
itselectric sysem. To dtract private sector investment,
the government has taken seps towards reforming the legd
framework which governsits sector. According to arecent
Duff & Pndpsreport, many large indudrid cusomersare
facing high dedtricity cogts with poor qudity and

rdighility dueto the lack of capitd invesment and
mantenance.

The Electric Power Management and Deve opment
Company (CADAFE) has undertaken saverd renewable

rurd dectrification programs, focusng on potentid
maketsin large rurd aressthat are not dtractive to the
private power indugtry. Providing dectric servicesto
100% of towns having more than 1,000 inhabitants,
CADAFE has been dble to extend sarvice to 90% of the
nationd territory (Lawrence, 1998).

Hugo Chévez, a populis who was imprisoned for an
unsuccesstul military coup attempt in 1992, was dected
president in December 1998 and sworn in on February 2,
1999. He has proposed to redraft the country’s 1961
condtitution through a popular convention or condtituent
asambly. Thismay dlow him to undertake long overdue
economic reforms

Government / L egislation

Minigry of Energy And Mines

The GOV will retain regponghility for the mgor
hydrodectric generation fadilities of the Caroni, the
netiond transmission grid, and dl regulaory attivities
induding the design of guiddines and regulaions for the
industry and the monitoring of the performance of the
dectric utilities
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Lacking an Anba Caribboan Sca eTvvcaw ek buyers must participate in the albsence of dear rulesand
umbrdlalaw for Lk "m"r. el cRENADRES: rate mechanisms
tedaticd | 2 Gnit o et
sector, the ?(mm Catklo_(PATACASY_ JHe™ Decree No. 1558, Normas ParaLa Regulacion Del Sector
Eledtrica A‘ arqyisimers’ fg.ﬂfﬂ“‘” Pusno ‘r"’i Electrico (November 1996)
Energy v & =,~ it R

o0 ot
Regulaory }*Em G:ﬁﬂ:al W G‘;‘;,I?';ﬁ'f The Electric Sector Regulatory Framework cameinto force
Commisson D a the end of 1996, and dlows for the participation of
(CRE;) is_ e Eﬁw:;‘ ¥ GLIY. private and .independent powver producersi n the Venezudan
adminigratively Avacuchs gt market. Thislegd messureis seen asthefirst sep to the
lari;rfrlctﬁly COLOMBIA A eventua  enactment of an Electric Power Law.
inked to
Ministry of BR H£|L< Orgenic Law of Concessions (April 1994)
Energy and
Mines andis et W The Organic Law of Concessions opened up investment
funded from — opportunities for infrastructure and other public works
resources dlocated through the annua budget and specid projects. Under the law, the State guaranteed up to 75% of
funds authorized by the Executive Branch. A proposd il the invesment and under certain drcumdtances may rase
for the dectricd sector contains aprovison thet would this guarantee to 90%. The presdent may aso authorize
grengthen the regulatory framework. 100% income tax waiver and exoneration of dl import

duties and taxes on equipment and services nesded.

A new hill introduced to the Congress of Venezudain
March 1998 esablished a definite regulatory framework The Sate will guarantee the economic/finenad hedth of
for the dectricity sector and cregted anationd dectricity the project if for reasons nat attributable to the
board. The new law would provide the bags for determining concessionaire the conditions of the project change. Such
tariff adjustments basad on codts, and requiresthe conditions could be sodd, war, uprisng, naturd disssters,
acoounting separation of generation, transmisson, and and other force mgeure.
didribution for dl market partidpants. In the meantime,
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Andyss have widdy obsarved thet the new law isavagt
improvement over the previous law, but so fer little
concrete has been accomplished throughit.

No Spedific Law for Geothermd

Geothermal Sites/ Projects

Venezud ahas an esimated 910 MWe of geothermd power

potentid.

About 60% of Venezudahas been covered by
reconnaissance geothermd sunvey'sinduding geologic and
water geochemicd sudies

The Gaman naturdig, Alexander von Humboldt, wasthe
fird to meke asdentific description of a Venezudan hot
soring in 1800. Systematic sudy of the hat sorings of
centrd Venezudabegan in 1969 and was continued in the
northeastern part of the country in 1975 where geologica
and geochemicd dudies showed that some aress have
potentia for dectricity generation.

In 1981, the Univerddad Centrd de Venezuda (UCV)
darted addailed “Nationd Geothermd Inventory” covering
the centrd, eastern, and southern regions. The geothermd
sydems of Tachiraand Mé&idawere investigated by
Burgueraet d. The daesof Zulia Trujillo, Lara, Barines,
and Portuguesa have not been covered to date. The data

from the inventory and from previous published and
unpublished reports has been sored in a computerized data
bank thet contains geographica, geologicd, and
geochemicd information from 361 gecthermd gtes No
arilling has teken place

Geothermd manifesations and rdated fedturesin
northeestern Venezuda, paticulaly in the deate of Sucre,
eg., Llfur deposts acid-sulfate dteraion zones and mud
volcanoes, have been invedtigated in detall. The most
promisng sysem for posshle dectricd gengrationisLas
Mines neer Bl Rlar, in Sucre. The El Alar fault sysem is
sgmicdly active with fod of up to 15 km depth. Other
mgor faultsin northeagtern Venezuda are the San
Francisco and Uricaright-laterd srike-dip faults.

Other medium and low temperature sysems gopear useful
for direct use gpplications.

In 1975, a sysematic sudy began to identify Venezudd's
geothermd potentid, and in 1979 a gecthermd resources
assessment was published. In 1980, abasic plan for
evauating the country’ s geotherma resources was
prepared, and a reconnaissance sudy begun in 50,000 kn?
in the northeagtern part of the country. Asaresult, in 1981,
El Rlar-Casanay and Barcd ona-Cumanawere sHected as
priority aress for more detailed geotherma dudies.
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From 1983 to 1988, a prefeeshility Sudy began in the El
Filar-Casanay geothermd zone. Thereaults of the
prefeeshility effort, dthough Hill incomplete, indicate the
possible exigence of ageothermd resarvoir with
temperatures of 200-300°C at inferred depths of 1,200-
2,500 m. Based on these resuits, technicd experts from
the Minigry of Energy and Mines have recommended thet
the investigation continue with the drilling of degp
boreholes. OLADE s Energy-Economic Information
Sysem (SIEE) esimates Venezudd s geothermd potentia
a 0.065 million BOE/day (Lawrence, 1998).

1. H Rlar-Casanay (Las Minas)
2. Los Bafos
3. San Diego

El Pilar-Casanay (Las Minas)

LOCATION

Southwest of El Rilar; in the northeagtern part of the
country dong the El Rilar fault; gorings are located on the
northern dope of the west-eedt trending vdley of the Rio
Cheguaramas, 230-280 mad; 63°1228" longitude,
10°P31'52" |atitude (Sate of Sucre).

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 200-300
CHRONOLOGY

Mid 19th century - Sulfur mining began in area
1981 - |dentified sysem in nationd invertory.

1984 - Geothermd inventory conducted by Heviaand Di

1985 to 1986 - Thermd manifetations severd bailing
sorings of the sodium chloride type, sampled and
andyzed during aregiond geochemicd survey from the
Gulf of Cariaco to the Gulf of Pariaand the Sen Juan
Viley.

Work conducted by the Minidry of Energy and Minesin
cooperation with the Internationd Indtitute for
Geothemd Research (Italy).

STATUS
Preiminary identification/report

NOTES
H Rlar-Casanay isthe mog promisng areafor
geothermd explaitation in Venezuda (D' Amore, 1994).

The areainvestigated seems capable of produaing hight
enthalpy geothermd fluids, adegp resarvair isinferred,
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composed of amedium sdinity (< 5000 ppm) and neutrd
brine, with computed temperatures between 250 and
300°C, and with ahigh CO2 partid pressure. A second
shdlower reservoir is assumed to exis, with a
temperature on the order of 200-220°C. The deep
resarvair is shown to be liquid-domineted, while weter
and sleam occupy the shdlow one (D’ Amore, 1994).

NOTES

L os Bafios has the highest temperature and sdlinity inthe
date of Monagas. It seams plaudible that these springs
are amixture of degp Na-Cl hot water (plus
hydrocarbons) coming from the marine Tatiary ail-
bearing basin to the south, with colder CaaHCO3 water
(Urbani, 1989).

Los Bafnos

San Diego

LOCATION

South the of the Sen Diego fault near the town of El
Finto; at the southern and southeastern ends of the
Eagtern Mountains Massf (date of Monages).

STATUS
Preiminary identification/report

LOCATION

Along the valeys of the Rio Neveri in the eestern part of
the date a the western end of the Eastern Mountans
Massif, north of the Uricafault sysem; 90 med;
64°31'33" longitude, 10°940" latitude (State of
Anzodegui).

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 61-150

STATUS
Preiminary identification/report

CHRONOLOGY

1981 - Identified system in nationd inventory; meesured
temperatures of 24-36°C; Na-K-Ca geothermometer
temperatures of 61-79°C and 97-127°C. Severd plots of
tvs SO2 and Cl suggest mixing, dlowing for an
edimated temperature of 150°C (Urbani, 1989).

INSTALLED CAPACITY (MWE) 0
POTENTIAL (MWE) -
TEMPERATURE (EC) 29-108

CHRONOLOGY

1981 - Identified system in nationd inventory; meesured
temperatures of 29-53°C; Na-K-Ca geothermometer
temperatures of 50-70°C. A t vs SO2 plot indicated a

Geothermal Resources in Latin America & the Caribbean

185



temperature of 108°C for the possble deep hot aquifer
(Urbani, 1989).

NOTES

San Diggo has 10 warm to hot orings which issue mainly
from grongly faulted and folded shdes and sandstones of
Ealy and Late Cretaceous age. This areahasthe highest
temperature springs in the Sate of Anzodtegui (53°C).
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According to Victor Balano, Vice Presdent for Latin
Americafor ABB Energy Ventures, Latin Americawill add
283.4 GWe of inddled capacity by 2020, up from the
region’s current capadity of 168.1 GWe, and bringing total
ingaled cgpacity to 451.5 GWe (seetable on the fallowing
page).’

With over 50 GWe of edimated power potentid,
geothermd energy can and should supply a portion of the
additiond cgpadity required. To date, however, geothermd
deveopment by U.S. companiesis recent across the region
and primaily in Centrd Americawhere geothermd power
generdion has a comparative advantage.

Hurricane Mitch; the U.S. and multilaterd asssance effort
which has followed basad on the premise to “ Build back
better;” and SIEPAC, the proposed regiond eectric grid,
may provide additiond impetus to devdopment of the
region’s subgtantia gecthermd resources.

/ Power in Latin America, December 1998, pp. 7-8.

Geothermal
Potential (MWe)
Caribbean 16,390
Centrd America 19,720
South America 14,660
Total 50,770

Geothermd power, in addition to eesng Centrd America's
delot problems, will dso offst global gesemissons A
Carbon Dioxide (CO,) Market could make geothermd
power competitive with thermd power, reducing its price
from 6-7¢/kWh to 4.5-5.0¢/kWh.

Elsawherein Latin America, the newsislessoptimidtic. In
the Caribbean, there are unconfirmed reportsthet the S
Vincent project has been put on hold dueto finending
difficulties And, further south in South America, low
dectricity prices meke geotherma power generdly
uncompetitive in free market-based power sectors. The
e geothermd plant located in Argentina has been shut
down.
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Opportunitiesfor geothermd power development do exig,
however, in those countries across Laiin Amaicaand the
Caribbean where aresourceis dose to amarke, itsprice
can be competitive with other forms of dectricity, and
finanding can befound. Additiond data can beincorporated
into the Database to condruct these juxtgpostions

LATIN AMERICAN POWER DEMAND TO 2020

(GWe)
Country 1996 2000 2020
Argatina 20.2 231 60
Bdivia 0.8 1 2
Brazl 60.7 70 180
Chile 74 8.8 18
Cdombia 10.6 14 215
Ecuador 2.7 3.2 5
México 348 37.3 86
Pert 4.8 44 10
Venezuda 20.7 21.1 53
mia 54 7 16
IITotal 168.1 189.4 451.5 II
Source: ABB
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