
" DOE/ID/12850--5

DE93 002272

NATIONALGEOTHERHALASSOCIATION
TRADEHISSION TO CENTRALAHERICA

Topical Report

October 1992

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty,express or implied, or assumesany legal liability or responsi-
bility for the. accuracy, completeness, or usefulness of any information, apparatus, product,or
process disclosed, or representsthat its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof,

Work Performed Under Contract No. DE-FGO7-8gID12850

For _ '

U. S. Department of Energy :!.

Office of Industrial Technologies %_Washington, D.C.

By
National Geothermal Association

Dav, s, CA 95617-1350 MASTER
.glSTRIBUTIONOFTHISDOC[//tIENTIS UNLIMITED

• ...,# _. _._



F •

DOE/ID/12850-5

NATIONALGEOTHERHALASSOCIATION
TRADEMISSION TO CENTRALAMERICA

Topical Report

October 1992

Work Performed Under Contract No. DE-FGO7-89ID12850

Prepared for the
U.S. Department of Energy

Under DOEIdaho Field Office
Sponsored by the Office of the Assistant Secretary

for Conservation and Renewable Energy
Office of Industrial Technologies

Washington, D.C.

Prepared by
National Geothermal Association

P. O. Box 1350
Davis, CA 95617-1350



CONTENTS

TABLE OF CONTENTS ..................................... i

EXECUTIVE SUMMARY .................................... iii

I. INTRODUCTION/OVERVIEW ............................... 1

II. LESSONS LEARNED ................................... t

' II1. ELEMENTS OFAU.S. GEOTHERMAL ENERGY EXPORT STRATEGY .......... 3

IV. IMPLEMENTATION OF U.S. ENERGY STRATEGY .................. 4

V. COUNTRY-SPECIFIC CONCLUSIONS AND RECOMMENDATION5 ......... 7

] -
VI. GUATEMALA ......................................... 10

A. GEOTHERMALBACKGROUND

B. TECHNICAL FINDINGS

C. THE POTENTIALFOR PRIVATEPOWERGENERATION
i

D, FOREIGNCOMPETITION

E. UNCERTAINTIES

F. REQUIREMENTSFOR FURTHERACTION

G OBSERVATIONS.IMPRESSIONSANDASSESSMENTS

H. CONCLUSIONSANDRECOMMENDATIONS

I. USGEOTHERMALINDUSTRYOPPORTUNITIES

VII. EL SALVADOR ...................................... 24

A. GEOTHERMALBACKGROUND

B. TECHNICALFINDINGS

C. UNC['RTAINTIES

D. CONSIDERATIONSFORINCRE&SEDEXPORTS

E. OBSERVATIONS,IMPRESSIONSAND ASSESSMENTS

F. US GEOTHERMALINDUSTRYOPPORTUNITIES



VIii, HONDURAS ....................................... 34

GEOTHERMALBACKGROUND

B. TECHNICAL FINDINGS

C. THE POTENTIALFOR PRIVATEPOWERGENERATION

D. FOREIGNCOMPETITION

E. UNCERTAINTIES

F. PREREQUISITESFOR US INVOLVEMENT

G OBSERVATIONS, IMPRESSIONSAND POTENTIAL

IX. COSTA RICA ...................................... 39

BACKGRCUND

B. TECHNICALFINDINGS

C. THE POTENTIALFOR PRIVATEPOWERGENERATION

D. FOREIGNCOMPETITION

E. UNCERTAINTIESOFGEOTHERMALDEVELOPMENT

F. PREREQUISITESFOR PRIVATEINVESTMENT

G OBSERVATIONS,IMPRESSIONSAND ASSESSMENTS

H. CONCLUSIONSAND RECOMMENDATIONS

i. MARKETING OPPORTUNITIESFOR US PRIVATEINDUSTRY

APPENDIX A" BIBLIOGRAPHY OF RELEVANT PUBLICATIONS

RESULTING FROM LOS ALAMOS' CENTRAL AMERICA PROGRAM ........ A-1

APPENDIX B' SUMMARY COMMENTS BY GARY SHULMAN,

GEOTHERMAL POWER CO................................ B-1

APPENDIX C: ENERGY EXPANSION PLAN, EL SALVADOR,

1988-2000 (IN SPANISH) • . .... NGAOlfice

APPENDIX D" ENERGY EXPANSION PLAN, HONDURAS,

1988-2008 (IN SPANISH) .......................... NGAOffice

APPENDIX E: MIRAVALLES AND TENORIO GEOTHERMAL

PROJECTS, COSTA RICA (IN SPANISH AND ENGLISH) .......... NGA Office



NEW DIRECTIONS

FOR THE UNITED STATES GEOTHERMAL INDUSTRY

A Report of the Nati.onal Geothermal Association

Central America Mission

EXECUTIVE SUMMARY

The United States (U.S.) geothermal industry, tile world's most technically proficient, h_.,,

been unable to achicve penetration into the markcts ortho dc\clol_ing nation_. lhi_ report dctztil.,,

the findings of an industry Trade Mission to Central Ailactica, tasked with determining the

reasons for this shortfall and with developing zt tJ.S. industry geothcrtl"lai export .,,trlttcg._

designed to achicve im|ncdiatc and long-tcrtn export benefits.

The Trade Mission l'ourld that eztch visited count ry ( (; uzttcmit lit, 1!1S;.tlvador It t)lld ii i_.t.__.1nd

Costa Rica), has substantial amounts both of prox'cn geothermal reserves suitable for imlltcdi;ttc

development, and reserves wit h great potcntial. Each count ry visited is in Iina ncial d ifficult\, anti

in order to reduce reliance on external financing sources, each is tentatively receptive to prix'at¢

sector power dcvclopmcnt. Because U .S. firms arc virtually llcvcr able to mcct the doncc,,,sit_nary

tied-aid terms offered by other countries and their industries, an ;.|pprt_itch which would alio\,,

U.S. industry to cxport its project financing in Jt package with it.,, technology is cssctltial if the

industry is to bc competitive. Moreover, induntry ;.llld [J.,",;. _ovcrnmcnt resources mu._t bc foctt.'.,cd

on developing within the Central America goverl_mcnts a greater reccpti,, ity to private sitlcs ol

power to the public grid at Jt reasonable profit.

The Trade Mission concludcd that a U.S. geothermal energy export ,,,tratcgy mu.,,t C_l_t_ti_l

tWO elements: (I) tJ.S. industry must organize to be zt Ilori/ont;.tlly iind x crticall!, intculatctt

export force; and (2) thc U.S. government naust add it.,, pt_liticltl m u.,,cl¢ and fitlztt|ciztl l¢._t)tlrt'¢_ [t_

industry's export clft_rts. To implemcnt this str_Ltcg3, intltt.,,trx ;tnd #t_xcrtttilcnt, v,t_rkin_ it1

tandem, must tlc\.clt)l_ technologically sound and cct_l_onlicall\' viable export prt_duct.,, ;.trLtl

services which tait bc cxpctlitiously finarlccd by tl..',;, govcrllmcnt and multir_atior_al financial ---

institutions. A coordi _la tcd etl ucatior_;.tl effort both as to t lac policy ad \'a ntagcs of pri x_ttc pt_x_c r

sales to the publicly {_xvncd C'e|_tral American grids, and _ts to the tcchnolt_gical and cct)t_,_l_ic

advantages offered by [I.S. industry must bc initi,_tcd, lr_fortnatit_n [low arnort g indu,,,tr\. I'to.,,t

governments and the I,J.S. gover|_n|cnt must h¢ in.,,titutionali/cd, cflccti\c and current: ;.tlltl

mechanisms for Iongcr-tcrn_ industry/host countEy rcl_ttion,_hip_ .,,hould bc .,,ct in n_t_lion.



+,

(;_vcrnmcntand industrymust itIiti-_i'tca progranlnow which ,.,,'illcstaI_Iislla strongU.S.

geotherrnal presence in ('chiral America if tile industry is to establish itself as a significant export

I¢_roe in tile regi on. The kev re¢'onlmemlation of the mission is that afieh.i he targeted and a unified

government - industry e/.'fort t_e launched t_ obtain a designated fiehi.for U.S. exploration,

development and production as an export t_1odei.for Central America and the other market

c_untries r!f the developing world.

Ihi,< effort is in addition to, and would not preclude, individual industry efforts to develop

_llacr ,_pportttnities in the region attd _vorld_vitlc. Such efforts should include both prepositioning

industry so that it may he resp(_nsi_e to host country RFP's, and developing a program to export

stnall, motttllar, mobile units to the captive factory/mine/agricultural cooperative markets.

In order to effect the Trade Nlissit_n's recotnmendations and in oMer for the industry to

stltvi_c in international conapctition, it ix tcqt_csted that the Secretary of Energy, acting through

tile (.'(_lnraittee on R.cne_vablc l(ncrgy, Commerce and lrade (C()RI-CI)establish a task force to
\

x_,(_rkwith indttstrv to focus the financial assistance programs and the political inflt_cnce of the U.S.

governtncnt on implcrncnting zt geotlactmal export plan. Initially, focus can be given to develop

50-60 N1W of production at the candidate sites'_f Tccuanaborro (Guatemala), I_latanares or San

Ignacio ( Ilond uras), Rincon <,lcla Vie.la, lcnorio or Miravalles !!! (Costa Rica). In addition, U.S.

participation in the dcvelopmetlt olAmatitl_fn or M iravalles 1or ll ix possible under lnteramerican

l)cvclt_prncnt Bank financing.

The industry recognizes that political, economic, social and resource differences anaong the

Central America countries are very real, and great care rnust be taken to avoid the trap ofdesigning

a universal model without also allox_ing for host-country utliqucncss. Moreover, the industry

rccognize_ that the problems it hascxpcricnccd in developing an export market arc synlptornatic of

the problems of tJ.S. industry in general and that industry -- specific solutions arc intertwined in

the national debate over Ii'ado promotion policy. Nevertheless, industry cxp_,rt efforts may be

given a quantuna boost by toctlsing on a rf.%. rnotlcl project in one of the Iotlr c_tlntries.

I he time is ripe for the ii.,",;, gcc_thcrrnal intlustrv to offer private scct_r energy to the

tlc_ el_pirtg nations, but ,<ucccss cannot be achieved witlaout the wholc-I'lcartcd stIpl_ort o-f the U.S.

g(+ x,'e I'll IllC Ill.



INTRODUCTION

I. OVERVIEW

The Unitc¢l ,'qtatc.,,; (tJ.S.) geothermal i,ldustry i.'+the most CXl'n:ricnccd and technically

proficient explorer, developer and producer of geothermal energy in the v+'orld. Forty-li\ c percent

of the 5059 megla watts of l>owcr prod uced by gcothcrmal pt_wcr pla tits wurld _vi<.lc( 1987) a rc in the

United States. "Ihc world market for llydrothcrmal renewable energy rc.,,ourccs is cnormt_u.,, ali

estimated 3.8 million mcgawatts over the next thirty yca,s. Nc\'crthclcss, tJnitcd Sta.tcs irlduslr_,

has not proven tt_ be competitive in exporting its gcuthcrmat tcchrlt+logy, lt has bccn clo_cd out iii

the European Economic Cornrnur|ity and the developed countries in the I'acific Ritn, and it la,l.,,n_t

been gaining ground in the developing couiitrics. l'licsc irit.tustry-spccific problcni.,, arc

symptomatic of the downslidc of U.S. exports generally, and industry-spccilic solutions tu the.so

problems are intrinsically involved iii the national trade pronlotion policy. Nc\crthclcs.,,, tilt

I.Jnited States gcolhcl'llli.il industry is ideally poised to pcnctr;.llC ;i rclati\cly tincxploitcd tll;.ilkel

and is thus capable of being developed into a successful ilitltlcl export industry ;.i iYiotlcl witl_

broad application to the alternative energy industry and, perhaps, to intltlstry across ;,i brtlti(lcr

spectrum.

A National (;cothcrmal Association (NGA)Trade Mission, co-sponst)rcd by thc Dcpartlncnt

of Energy and the United States Agency for intcrri;.ltiorlai i)cvclopnlcnt uridcr the auspices til the

Los Alamos National l,aboratory was dispatched to Cclltral America ,lunc 19 tri .luly I, 190;9, tr>

identify the isstics attendant to penetrating the Central Aincrican market. lhc tnission x isitcd

Guatemala, El Salvador, Horiduras and Costa Rica. Parl;.inla ;.illd Nicl.irl.igua (with the _cct)ntt

highest geothermal energy ila Central Amcric,'i) _vcrc excluded from this visit, but .should bw

included in future missions if political circunastanccs allox_. l+hi.,, paper detail.,, the lilldiilg,,.

conclusions, arid t'ccolnmciidations of the mi.,,sion in ct+ntc.\t t+l tlic (_'cntrai American Nit+dci.

II. LESSONS LEARNED

I. The four-country mzirkct has ;.iconsiderable gctlthcril'tal pt_tcnti,tl ,+1bctxvct.'n 2,07() t,._(+,7Iii)

megawatts. 'l'hcir conlbincd present total installed electric pt_wcr capacity i,,,2,776 NI\V.

2. Guatemala, El Si.llvador, Ilonduras ;.iild Cost;.i Rica. ha\c czicl'l identified substi.llitial licld.,,

which tilc capable of rapitl dcvclopincnt iilltl prt'lductit)n.

3. Ali four ctltllllrics suffer hard currency dclicicilcic.,, \_hicll cZitlSCtheir energy clc\cltlptllcill

decisioiis tri be based not Oil energy plannrig ;.illd tcchnt_lgy ctlnsidcri.ltiotl.,>, hut ;,tl.,>(itill the

availability til" soft loans.

1



4. t_.S. governmcnt and tl.,',,;, intl_strv are not coordinating cflorts effectively. Con-

sequentlv, the tj .S. does not capture its fair share of multinational institutional aid and is

IroTen out when confronted with foreign government offers of soft bilateral loans. The

• t_.,";, geothermal industry faces especially strong competition from the F,uropeans, Mexi-

cans and Japanese. Ibis ct)nlpetiti()n is not only technical but financial. Although the

t_nited States has made a nutYIbcr of prefeasiblitv study grants (which Ilave resulted in

xaluable work by the explorati_n sector of the industry), the tlevel_pmellt and production

sectors of the irlduslr\' ha\e been unable to capitalize on the initial United States P

groundwork (as Italian indtlstlv has done). lhcre are a number of reasons for this

shortlall'

• tl.S. government comn_ercial'diplomatic personnel are unable to advocate as

strongly for [!.S. industry as are the representatives of competing, single-industry

governments, i.e., govennlents whose geothermal industry is consolidated for export

purposes rather than competing internally for export opportunities"

• Because foreign c_mpetitt_rs are llOt subject to a Foreign C¢_rrupt l'ractices Act, the

pla.'+'ing field is unlevel I_r (J.%. intlustrv"

• l:oreign governments haxc marshalled low-interest-rate, long-grace-period loans in

anticipation of( not in reaction to)_energydevelopment, and have doIle so ina manner

linking their o_vn industry without apparent violations of General Agreement on

TarriITs and Trade ((i AII);

• "lhe tlnitcd Nations l)exclopment l'rogram (UNI)I'), who historically has taken the

lead role in Central American geothermal assessments, prefcasibility studies,

generally contracts with l-uropean Iirms for their technical assistance at no cost to the

developing country (ali costs are subsidized bv the contracting nation). "['his is good

for the recipient country but it very effectively prevents any prospective U.S. parti-

cipants from bidding on these projects since the products and services are ali part of

subsidi/ecl grant loan packages;

• LI.%. industry has not ptcpositioned itself in the host countries to respond to multi-

national institutional !,',l:l"s as stlccessfuliv as its foreign competiti(_n.

• ()ur competitors have subsitli,,cd, in-country representatives and CXl_Ott trade officers

who are constantly pr_nl_ting their ge(_therm:ll products and technc_logies. Experi-

ence has shown that the com_etiti_n, because they are well represented in the Central

American countries and arc presently working on Central American geothermal

projects with the national uti',ities, have technical and financial packages prepared

and are reatlv to negotiate field development with the host government shortly after

the financial geothermal resource report is accepted or the wells are tested and

proven. B\ ct+mr_arist+n, it t+t_xvtypically lakes the l+J.,'-;,gcotllcrmal i_+,l_lstry three to

six tnonths to dexelop and present a Iinancial and technical prt_pc_sal; more so if

innovative financing is involxe(I.



5. The f()tlr-uountry market appears ripe lt+r a tJ.+"q,intltl.,,tr\ initiative to r_romt,tu l)ri\atu

sector tlcvctupnlcnt of power tc+the host coul+try £l'it[. ]\][ Iottr L'()llllt I'iC,',, I'I+,L\Ccx prus.,,ud

recepti\'ity to private sector o\\'ncrslaip oi indcpclltlcllt pr)wtr ,_zuiicrating capacit 5" llt)\,+-

ever, a legal structure ct_nduci\'c to pri\atc unulg5 il_v¢.,,tmctlt i.,,nt)t Ittll\ in piace. I x_t)

precolldition.'+ are es.sential for pri\atc sector in\ u.,,tll_,.'nt iii gut)thermal pt)_cr ptat_t.,,:

(a) provision for the It)rig-term leasing t)l guotllurmal rc.,,our(:us; _

(b) prr)vision for sale of power to tile public tltilit\-o\x ned t)i"+ut)\crnnlcnt-t)v, tlctl gritl'

iii addition, prospective private in\cstt+r.,, .,,ullin- poxxur to Central .,\mcriu,it_ i+ul_tlu

utilities must be mind['ul of the need to SUullru gtlaratltucs t_l hard current\ in puvtllunt t)t

profit ur repayment of debt.

There is ht) requirement that comprehensive Icgislution covering t:,ut)thcrnlal t.'ollccs._it)n.,, t+r

power purchase be in piace prior to private in\cstllaent. Indeed. tlac same re.,ult.,, may he acl_ie\u_l

through a contract to which the goverrirnent ix ;._part\'. Ne\ertl'_ele.s._. the prt).,,pecti\c i+ri\atc

investor in geotl_crmal resources must evaluate Lieurisk ul entering intu cu_+cu.,,.,,ionaIand i+_)_\ur

purchase agreclncnts in host countries \vhicl_ have n_)t cnactctl _t .,,pccilic lc_al Iran_c_,)rk

III. ELEMENTS OFA U.S. GEOTHERMAL ENERGY EXPORT STRATEGY

Based on these Ius.sons learned, it is apprt)priatc I()r thu tj.%. uct_tl_cl'mai irlttli,_try, irl ct)_)lx:ra-

tion with the LI.,',:,.government, to establish a geothermal ct+orgy uxpt)rt strategy I t)r the (untlal

American market. "l+hisstrategy must bc applied within the unique resource, ._ocial, un\'irt)l+mcntul.

and institutional situation of each Ct)lllltl'y in (.'Cl'lll';.llAmerica.

What are the overall objectives of the geothermal ct_ctgy cxpurt strategy?

FIRST, to organize/I.S, geot hcrrn;+tl it'ttstt'V IIlClllbCl'._st) that tl+c_,n_av ,tf)l_tt);Icl_ tile ('u_+tr;tl

American market as a cohesive export force.."q t_ch t}rg;.illi/;tlit+li .',ht)uld rc.,,ult in an abilit\ It) t.'t czttt.'

opportunities It)l' 13..";. export, to t)btain it+ft)rtllation t)_t ut)\¢rnlncnt multit+ati_nul I<tl I'

opportunities at the dc\'cloplllctl ,ti stages, ;._ltt tr) di,,.,,c_ai_utu iitlt)rlta;.ttt)t_ ()t_ [!.N. lccl_llt_lt,ui_.,tl

capabilities to ht_st COUlatl'y decision rnakcrs.

t Guatemala is the ()nly t(+_tllllry which has t+,l+_,|tletl h_gi.,l.ilion ,+lull'.)_i/_Lq ll_t, l+i+i',,.ttt.̀ t,,,l)l{,_.,l_<)_ at_tl (h,_,_,h)l_t,nt ,,I g_,,,li..r_.,l

SiteS. Hollduras has gldlll(:ll ()IllP I)rivalu (()l|ll++_bi()ll ()1/ the I),+_l+,1)1 I1',, IIIillillg I,.l'+.\'-, ,N,t'lll|t'l li S,il_ u,h)r _u,( f t),+l,J t_lt d +,,_s tlt'tt'lllllln',l

a legal al)proath , ,_lll.)u_4h l)()lh l+,Jvu lellt,|livttly (()tl( Iudr,tj thal a l)ti_.alt' t t)l-. ,'b'+,illl'i i_, IP+++Il)l(,hil,ll_'tl

; Cosla Rica is ah)ll(; ill h,lving l.,Ild( li,li llt)wt,r l)Urt ha,,t' h,gisl,ili(,n l)ut h,+.. t,,,l)i,.--,t,{l _,.,(,r,,._t..+,. ,_l+t+ul ,,.,l+_,ll+(,t F,t.t ,tht.l lli.ll l, ..,+t+t, _..

were COllleml[)lalt:(I untlur ils II:gi_,l,lli:Jn. NttvUllh(dtrs_,. lh(. tJllH'i II_r_.t. t (itllllll,t._ Iid_.t. li_tht ,ltt._l Ii.t t.llllVll + ItJ IIt'_,lldlll+14 })(+_'.\t'l

purchase agreelnenl_ t)n ,i ( ,i.,,e-l:>y-t at, t: basis.

3



SECOND, to achicxc U.5. goxcrnmcnt support for U.5. private sector initiatives to supply

tlcccs,,arv energy services, tcchnc_logy, and capital in order that the Central American countries

nlav achieve ,;cll-sustaining solutions to energy problems. Politically, the [1.5. government, with

tlac institutional contlitions to nlaxillli,,c lhc opportunity for both host country g_verrlments and

rcla ted mu It itlational lcnding inst it u tit_llS to be receptive to U.S. priva tc sector su pport of ind t,stry,

v,_u ld u,'ork lt) ;.|eh ic\'c li na nci_l pack_l gi ng (s u ita blc to gcot llerrnai energy, cx plorat ion, develop-

mcnt and production), x_Ilich places the industry on a level playing field vis-a-vis competition --

c_mpclitiorl u.'hich is incrcasin,,Ivr, dcpcntlcnt upon the use of tied aid by. official foreign lending

instittltions and is not subject to Corrupt Practices Act penalties.

o.

IV. IMPLEMENTATION OF U.S. ENERGY STRATEGY

I. ()rganizc the I I.,'q. get_therrnal industry as a more effective export force.

• Apply to the Comrncrcc l)cpartmcnt's Office of Export Trading ¢.'_,mpany Affairs
-,

for a certificate of revieu to protect cooperating companies frorw state and federal

atltitrust actions related to cxpt)rt trade.

• Establish a mechanism Ior expedited two-way cornrnur_icatior_s between the host

countries and tilt U.5. gcotllcrmal industry. Tile itldustrv sh,,_uld seek ways to

institutionalize this ct_trlrntttlicatior|s flow, tile cornponerits of which rnay include:

regularized trade and re_.crsc-trade missiotls, rnaxirnize use of existing U.S. govern-

ment services already establishing host country private sector agents/facilitators

responsive to U.S. itldustrv export infortr|ation requirenlents.

• I)cvclop atl export model power system which maximizes 1_3.5.equipment export,

econornies of scale, and return to tile investor. Such a system may bc established on

nlodular approach, e..t,,.,a 50 IVlWsystem can bc installcd in 5 MW or 10 MW stages.

The goal would be to bring tile cost pcr kW average ca pital cost a nrl tile Cost per k Wh

levelized energy ct_st o1 sm;lller (10 MW) projects, closer to the costs of larger (50
. t

N1W) proJeCts. ihc mobility of small scale plants should be an imrortar|t selling

factor in dex,:topinu such lt model. Similarly, export models may he developed by tile

cxploration dcvclol'uncnt sccto|s of industry working in con.itlnction with the

production sector.

i,_ r": R,l_pd ,_n figtJres supplied hy sorer, indtl_try an,llv_l,,. Ihp go,ii wt_uld he lo bf ing lh . $2.3 JOpor kW avpr;igp t ,'1pit,ii cost/6.6¢ per kWh
Invr, lizod enorgy cost of the 10/k.lVv projpcl, cltr;er I_ the $1.715 per kW average capital co,.1/4.1¢ per kwh lew,lized energy cost of a
60 _._A,'projf'ct.



• Develop a detailed, out'runt inl'ornmtion base on the rustierce dc\'clopmct_t and

pro_luclion opporttlnities in each host country.

• De\'clop a detailed informtltion base t_llo\ving _l_itl\'sis of third ct;untly ct'_ll/i_ctilion

both its to methods of openttion and financing.

• Develop a concx'ct¢, indttstry-widc bttsincb.s plain lof instittltionali,,ing ¢xpoil

facilities services which may inclttdc the benefits of ;.til [_xport It_ldin_ (.'t_t_;pall\,

Foreign Sales Corporations, computerized tl;tt_t b;tnk.,,, l:orcign lradc Zones. ;flirt :.,o

forth.

• Reconcilc internal industry compctitiota among the \crtical industry sector.,, cxplt)-

ration, devclopmcnt and production. [)rr)decors ;.lt.l\ t)ctttc expedited cxplt)ration Ltlltl

developrrlent, and lobby to go directly to low megawatt prodttction to pro\c fca.,,ihilit\:

the exploration sector urges mcticttlous prcfc_tsibility and fc_t.,,hlity _tsscssnlcnt.,, in t_tdcr

to assttrc nltional resource ailoc_ltion and conscrvatit_n. lItis internal sector competi-

tion is hcalthy, but financially rnotiv_tted ad\'oc_tcy by individu_ll companies m_y ,ffect

teclitticai jttdgcrncnt and dclay cxport oppt_rtul|ities.

2. Establish host tout:try policies condttcivc to t).S. pri\'atc sector tlc\'clt_pnlcrlt of _ct_thcrmal

resotlrces.

• De\'clopnacnt c_l"host country reccptivity to (I.S. private sector initiative.,, to ._upply

powcr financed by the priwltc sector is icpendcnt upon host cottritry rcccpti\ ity to: (;a)

long-term leasing of geothermal rcst)ttrccs:. (bi pri\atc po_._,'cr suit to tile govcrnn_cnt-

owned utility/grid systcm;.and (c)in.,,titutionalizcd host-cotlrttry abilit3 to intcrlacc

between tile public and private scctors (e.g.. PIJ R lh.\-likc aut hority). Ali fottr cotintric_,

visited by the Trade Mission rcq ucstcd ind u.,;try input t_n the power purchase conCCl'_t.

U.S. industry has the technical/legal rcsotlrccs It) develop zt nit,dci ;.tpploach \_,hicl_ cart

be tailored to tilt individual cour_try, provided theft the tj.%. uo\crnmcnt \_ill _t.,,.,,i._tin

funding such ;.tn ur|dcrtaking ;.lntl by interceding _ lth ht)st ct)ttntr} go\ernmcnty.

• U.S. diplomatic clTorts shot_ld be m;.trsl_allt)d tt_ idcntif3 and cl_couragc the ho.,,t ct_tt_tr\

to designate a gcotl'_crmal field for the cxplor;ation, tlc\clopn_cnt ;.trttl protluclit_n h\

U.S. industry with U.S. govcrnmct_t gtar_t, Io;.trt' ;.t,,d gttarantce a._istancc.

• All) Inissio,ts should bc educated b._ indttstr\ .,,o that the mi._.,,ions may cllectixcl\

incot pot'atc geothermal energy co_tsidcrations into project dcyign _.tnd planning.

• Expressions of if|tct'est by the higher levels of the [I..'q. _t)vcrnmcnt would be hen,.'l ici_tl

in focttsing host cout_try i'est)tllCes aI.,.! attcntit_, tl .S. ut_\erlittletlt liaist_n tit tl_c I_iul_cr

levels of the h_st coutltly is necdctl tt_ mi_inai/c the ctTcct oi shift.,, in the I,_\_ct

bureaucracy which has proven problem,_tic to [I..'.q. intitt_tr\ knt>_lc,t_c t_l
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agreements in principle rcachcd by Ioxvcr level bureaucrats assigned to interface with

tJ.S. industry haxc oiten times tlcmatcrializcd overnight.

• l!stablish a long-term progr;im for targctcd countries to educate cotlntry and utility

managcln,'flt planners iii tile atl_antagcs of geothermal powcr in general and the

preeminence of t l..'-;,industry in specific, fzor example, one-montla exchange programs

funded .iointlv by II..'<,. intltlstrv and govcrnmctlt would pro\'idc contacts and shape

allegiances for the Iuturc. Ihis approach has served Italian industry weil.

3. l:stablish I!.%. government financial assistance packages conducive to commercial develop-

mcnt of the Ccntral American Nlarkct.

• For tl.S. industry to bc comr_ctitive, the U.S. government and industry must jointly

develop innovative financing schemes to assist in the penetration of rural and urban

energy markets. ()bstaclcs to such financing rnust be identified anti addressed. For

example, energy iiavcstnlcnt is inhcrcntly an infracturc invcstrncnt and thus, unlike

nlanul'actttring or tourisnl investments, does not produce hard currency (other than by

displacement of import oil). lhus, traditional international pro.icct financing could be

prccludctl ii the lead 1.1.,%.go\ernmcnt agencies are not rcccptivc to lhc additional degree

of additional risk sharing created fly cncrgy projccts'dcpcndcnce on host country soft

currency for income. C()RI-CI is an appropriate vehicle to marshall a collective U.S.

governrnent list of the obstacles which thc lending/grant institutions identify as a

deterrent to gcotlacrmal pro.loot linancing, and to coordinate a joint governrnent-

industry solution to overcoming or ameliorating those obstacles.

* CORECI, the industrv's designated ally in the Executi,_c l_,ranch, has untapped

potential to mobilize its interagency members in support of industry efforts; however,

to this date. it has not fully realizcd the intendcd rcsults of its mandate. Two actions

which may serve to strengthen CO I,',ECI"s ability to support the industry are

suggested' ( I ) C()I,', F.CI task forces should bc givcn specific, task-oricntcd mandates,

and an interagency staff should he assig,ed to this task force to implement this

naanda tc. cac la oTv,h o m ha s cIea rI\' d ra wn _,uthori ty and rcspow_sibi lit y; (2) CO R ECT

might c¢_nsidcr ways to slrcngthcn its p¢',licy/policital cloul in ordcr to achieve the

interagency consideration required to ac!_icvc concrctcresults. For cxamplc, either

higher lcvcl policy makers take a morc drcct roic in C(_RI-C'I] or CORECT or a

specific C()R ECi l,,sk Iorcc he br_ught under the umbrella of the l".xccutive Office of

the Ihc.,,idc ht.

• l:inancitlg is kev. t!xisting l_rograms need to be reviewed ,,vith the gc¢_therrnal export

mottcl in mind and inactive l'_rograms need to be revitalized. In this regard, special

attention should bc paid tc_r,-vitalilation oi'the geothermal hmn guarantee program and
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applying il internationally. 3"ce (ic(_thcrnlal l!ncr_.v l_',cscarch, l)e_clopment and

Dcnlonstralion Act oI 1974,30 IJ.S.C. ct. see.,as amended (placed in abeyance in 19_2).

If existing programs or current policies pro_e inadequate to enable I;.S. industry [_

cOlni'R.'[¢, IicW, innovative thinking needs to hc encouraged.

• The |J.S. Congrcs,s needs to he educaled and m()hili/cd in ._upport oI industrx

objectives. If tile I.J.S. Executive cannot he responsixe, .stronger Congressional Iohh\'inu

nectls to he initiated by the geothermal imlustrx.

• U.,";. lending insti/tltions need to be convinced of lhc viahiity of snlaller-scalc

l'inilncing.

• Expansien of risk-sharing via feasibility studies and other explicit support such a.,,

targeted use o;"Ai D programs cttrrentl\' not directlv applied to geothermal ener_) (.such

as-the All) commodity import systenl lo lacilitate tJ.S. private sector ventures t,_

transl'er, adopt and market cost-effective rural cnerg.v systems) may he coordinated

thro,Jgh COR EC'I:

V. COUNTRY-SPECIFIC CONCI_USIONSAND RECOMMENDATIONS

1. Guatemala

The Guitlenu|la governnlcnt is under consider;_hlc pressure to expand power t_ the rural

consumer and to decrease _thc country's dependence on one rnit.jor hydro-electric pov, cr pl;_n,

(Chixoy) for base load generation. These pressures, coupled with seriou,s electric utilitx Iini_nci;LI

difficulties, have engendered government rcceptivit)' to private scclor generation of poxver. lhus. lhc

governmeut and the national utility I N DE appear receptive to the concept of a II.,',;. huill _x_ned

operated power generation facility. The geot hcrmal I'ields at lccua ml_urro ittld A mat ii kin iippc;Lt ri pc

for commercial development, provided that U.S. ind ustr), in conjunction x_lth tile II.S. g(}xclnmcs|t.

can come forward with ii financing package and Collcoiniti_J_tlx ncgoli;ltc a .satislactt)rv _¢tJl hernial

lease/power purchase arrangement with tile hosl go_ernnicnt tttilll\.

" 2. El Salvador

The ctlrrcnt political turnioil in F.! Salvador has a cl_illin_ ellect _.)ntj..";, pri\atc .su'ct_r

investment. Nevcrlhclcss. ii is lhc most adv:lnccd gcothernlal prod ucu'r in ('tntr;li America lhc t)lil\

one of lhc I(Rlr "_isile(i cotintries with Jill (In-line _eotllernl;ll I_a.se l_),ld. ('ol_se_,tttenll.\', lhc c_)ua_ttx"s

five-year development pl;Ins for the Chipilapa and Ahuiich;/l_i_n licld.s ,_ppcar to ollcr c()ncrctc
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t_l_l'_ortunities for the development _I small (3 to 5 M W) production pro.toots and p¢_tentially larger

,,talc de,_elopnlent in both. ()ppt_rtunities in Berlin and other potential areas are limited because of

anti-tt.S, guerrilla prL'sellcc i11those areas, t lnitcd States industry opporttlnitics in I:I Salvador may

he_lictated, almost exclusively, hv the II .,',,;.governrncnl_'s ability and desire to stregthcn the country's

inlrastructure with II.S. private see'for inxcslment. ihird country soft loans I,ave already predeter-

nlined the cotlntrv s(_urcing of many ¢_1these projects. Althougl', the ('chiral American Bank for

I-con_mic Integration indicated a host country private sector investment potential, political con-

,,ider_llit_ns preclude this alternati\e I'rc_tllbeing considered seriously al tilts tinle.

II appeared to lhc mission llli|t II.S. industrv's entrance into the [-I Satlvador market

_lepends on the IJ.S. government's political assessment of whether it is in the mutual interest of both

gt_ crnmcnls to encourage energy irllr_lsl ructurc development hy the I_I.S. geothermal industry.

3. Honduras

I'nlike its sistercountries, l londuras has no lead _rganization for the formulation olna_ _mtlenergy

p_lic\. Ihis situation fosters II.S. prixate sector opportunity while simultaneously creating less

CCt'tailltV iii negotiating c_,ntracts. Nc_ertheless,-one can secure geothermal concessions from one

agency and a power purchase agreement from another without engaging the entire hreaucracy. The

I'latanarcs site is in many respects an ideal site for a U.S. ge_thermatl tlernonstration project

technically feasible, operationally manageable and with rural electrification potential. More

exploration and rcsourcc evaluation asscssrnents would probably he needed at Platanares or at prirnc

sites al %an Ignacio and Azacalpa before private investors would consider these sites as having proven

rmtential Ior commercially viable generating plants. Thus, these sites are candidates for feasibility

study grants I'ronl appropriate (I.S. goxernment agencies.

4. Costa Rica

Costa R.ica's decisive p_licy t_ bring power to isolated areas has rc_,llted in the installation

oi the most c(_mprehensiv¢ grid system iu ('tntr'al America. reaching 82 percent of the households (in

c_ntra,_t to approxinlatclv one-third o1 the households in the neighh_ring countries). However, in

order I(_rcducc r'cliance (_n large-scale cxlcrnal financing sources I()r ulililv-b_lsc(I p_,wer generation

expan,_ion. Costa R.ica has enacted the regions' first p_wcr purchase law. This htw, however, does not

expressly extend to gc_tl_crmal development. Costa Rica has already issued !l)P,-financed R FPs for

NIiraxallc,_ i. lhc exp,ectcd issuance ola_ Ri:i _ Miravalles II will result in the pro(luclion of li0 MW.

\c_'rll:clcss, a It.S. l inanccd 55 NI\V l'n_v,cr plant at Miravalles i11, would he entertained by the

g_,_ernmet_t at acceplable Icims. ;.llld ;,Ihuil¢t' o_vn; operate or build/own/operate transfer approach



J

may be viable ii'lhc I'inancingc,_n bc developed. Other than ,Mira_allcs, ficld_ at Rincon dc la \'icier

and Volcan de "l'cnorio, which arc in earlier stages of dcvclol_mCnt, arc suitable candidatcs l t_r LI..",;.

industry devel_pmcnt.

5. CONCLUSION

The time is ripe for a U.S. government and indu.,,trv initiative to develop a 5()-6() M\V,

modular production t'acility at the candidate sites ol'Tccua mbtlrro ((;ttatcrnala), I'lata na rc.,,_t San

lgnacio ( Hond ura:_), R it_con dc la Vie.la(practically within a national pa rk ). IL'norio or Mira \allen

111(Costa Rica). In _,ddition, U.S. participation in the dcvcl_pmcnt of Amatitla'n or Nliravallcs I _r

11 is I_ossible under lntcramcrican Development Bank financing. Economic, political and

technological resources of both government and intlustr\' n_tlst bc Iocuscd in _rdcr for this ct_nccl'_t

to succeed.

lt is hercby rcqucstcd that the Secretary of Energy, acting lhrotlgh ('() R 1!("1_ _._rga t_i,'¢ _tll

interagency task force with the express mandate of working with industry (throtlgh the Natiozlal

Geothermal Association) to inlplcmctlt the rccomnictidatit_rts of this mi.,,sion.



VI. GUATEMALA

A. GEOTHERMALBACKGROUND

Electric generation and distribution Ihroughoul Guatemala is provided by the Inslituto Nacional

de Electricidad (INDE), except in Guatemala City. Guatemala City (some 300,000-plus

customers) electricity distribution is supplied by the Empresa Electrica de Guatemala S.A.

(EEGSA), a utility formerly owned by ITT and 92%-owned by INDE. INDE is a government-

owned enterprise reporting to the Minister of Energy and Mines, but in effect operates

autonomously because of its revenue-generating capability.

Guatemala's total installed generating capacity is 595 MW, of which 89% !s hydro-generated.

The remaining capacity is in fossil fuel thermal plants. With thecomple_ion oftl_e Chixoy

hydropower system in 1986, Guaterna!a's generation syslem was changed from one heavily

dependent on fuel oils to one relying almost entirely on hydropower from one source. Chixoy

supplies approximately 87% of the country's power demand. The nation's dependence on Chixoy

is, however, a matter of considerable strategic-, economic and political concern. 4

INDE has serious financial problems, and deficits of Q.100 to Q.150 million (2.78 Guatemala

Quetzals (Q.2.78) = US $1 at the official exc',_ange rate) per year are projected through 1991.

INDE/EEGSA estimate a Q.618 million deficit between 1989-1991. IDBand World Bank

oversight authorities have been pressuring INDE to increase electricity tariffs 65% by 1991

in order to (i) enable INDE to service its debts, (ii) cover about 25% oi the investment

requirements from internally generaled funds, and (iii) reduce govemmenl subsides to about

Q.40 to Q.50 million during 1989-1991. Previous attempts to increase tariffs Ilave triggered

significant political reactions and street violence. A 1988 increase oi 22% resulted in a

political backlash which sl'look the government. As the Minister of Finance (Ministro de

Finanzas Publicas) personally stated to the Mission, if putting our utility company into the

black costs us our democracy, the price is too high.

As a consequence of these convergir_g technological, economical and political pressures, INDE and

lhe current Christian Democrat administration in Gualemala are evidencing heretofore u,lknow

4The technical integrily of the Chixoy syslem itself is in question. The system, according to
newspaper reports, was to be shut down for 3 days belween June 30 3nd July 2, 1989 tc
ins!ali pressure-monitoring devices. There was widespread news media speculation,
however, thai pressure drops alon(} !l_e 26-kilomeler-long lunnei connecting It_e dam Io the
generating plant are the true nlolivating factor for the shutdown, and thai massive repairs to
stop the tunr_e! leaks will be required.
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receptivity to working in concert with the private sector to cope with the electric powe_ c_isis

They are especially cooperalive in the development of the country's considerable geothermal and

co-generation resources.

Guatemala has the potenlial for hundreds of MW of geothermal electric-power generation. This

resource potential has been the subject of considerable study since 1971. In part because oi

INDE's decision to concentrate on development of ils hydropower sector, nel one kilowatl oi

geothermal eleclricity is L_einggeneraled in Gualemala as of this date, despite expenditures Io

date of the Quetzales equivalent of US $25 million in several studies over this 18 year period.

'. Only Zunil I, a 15 MW planl being coordinated by the American firm Morrison-Knutson, is

under active design and is scheduled Io go on line in 1992 or 1993. A second geothermal lacil_t_,

of 55 MW is under consideration, pending prefeasibility sludies of the geothermal areas of

Amatitlan and Zunil II, scheduled Io be compleled in October 1989 and May 1990 respeclively.

The IDB-funded feasibility study comparing these two potential geothermal sites (to be

completed by the end of 1991) Will determine lhc location of he second geolhermal plar,l.

Discussions with Andrea Caicedo, manager of geothermal projects for INDE, ir,dicate his

willingness to accept US participalion in geothermal development in Guatemala. Because of

anticipated growlh in demand, the need to diversify away from one majo' tlydro-electric power

plant (Chixoy), and the financial weakness oi INDE, power generaling shorlfalls and blackouts

are expected during the coming decade. Caicedo said thai INDE is planning the purchase of an

oii-fi:ed thermal plant to increase ils generating capacity. This will further increase INDE's

electric-power generation which in turn will place pressure on INDE to increase tarilfs to pay

for imported fuel oils. This could cause, serious political and economic problems, as noted

above.

Subsequent conversations with Edgar Flores, INDE planning director, confirmed that INDE

already has purchased a 100 MW bunker-fuel thern"_alplant scheduled to begin eleclric-powt:r

generation in 1993. Flores indicated thai the anlicipated cost per kWh represents a good

purchase price for INDE at this time. He also stated that lhe 15 MW geothermal plant buir,cj

designed for Zunil will be put for bid in early 1990.

With this background, the Trade Missiof, explored the polential for US private industry to

participate in lhe development of geothermal resources, not only in the traditional pattern of

selling goods and services Io Gualemala, but also in exporting US project financing (in

conjunction wilh the US government), in an effort to offset the successful Japanese, European

and Mexican competition. The competition has enjoyed success in the Central American markel



largely as a result of "tied aid" for resource development, grants, low-interest, long-term

government loans, and the absence of inhibitions such as found under the US Foreign Corrupt

Praclices Act.

The Trade Mission understood the government's (and thu,s INDE's) strategic inte"ests in

ownership of its natural resources, especially their geothermal resource and in public-sector

production of electricity. Within this context, however the Trade Mission expressed its belief

that continued expansion and diversification of Guatemala's power generation is also of strategic

importance. The Trade Mission thus explored the receptivity by lhe Government to 3 concepts:

(i) build, own, operate (BOO); (ii) build, own, transfer (BOT); or (iii) build, own, operate,

transfer (BOOT), by US private industry, ngl as a vehicle for imposing an American political

presence !n Guatemala, but as a vehicle for providing development capital at a time when

allernative approaches are constrained. The Trade Mission also made it clear that while

innovative approaches were being suggested, the US industry was equally interesled in being

allowed the opportunity to bid competitively for geothermal projects.

The Government response to the Mission's concepts was consistently positive. The Minisler of

Energy and Mines (whose ministry has historically expressed opposition to any private

ownership) stated that a privately financed and owned operation would be given, the most

serious of consideration. The Minister of Finance stated that the Ministry "and the National

Presidenl" would support the private ownership of electrical generation facilities, and further

stated that as long as the electricity was sold to the grid there would be no reason to transfer

ownership to the State (you have proposed a BOOT, I suggest you remove the 7). INDE stated

that it had no institutional objections to private power generation and invited US industry to

participate (within the Guatemala's regulatory framework) by submitting a generic model of

how said agreements could be executed (for example, power purchase agreement, mineral lease

agreement, etc.). The Ministry of Energy and Mines indicated that lhe geothermal industry was

in a situation similar to the pelroleum industry a few decades ago, with similar opportunities

for development.

The privale sector reaction was equally encouraging, as was the response of the international

banking community. The Gualemalan Industrial Chamber of Commerce indicated the oolitica'

wisdom of a US-Guatemalan private sector joint venture--a theme consistently echoed

elsewhere, including the Ministry of Energy. In addilion, ii was suggested by the IDB that

private sector generation of power mighl encourage INDE and the Government to deal more

directly with public-private tariff issues.
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Pursuant to Acuerdo Guvernativo (Government Agreement) Numero 967-86, the Ministry of

Energy and Mines granted 5 major geothermal sites to INDE on December 23, 1986, as allowed

by Guatemala Law Number 126-85, for INDE's exclusive developmenl: Zunil, Amatitl,:ir_,.5_n

Marcos, Moyuta and Tecuamburro. The 5 sites presenlly represent the most attraclive areas

for geothermal power generation development in Guatemala.

From the perspective of the Ministry it would be relatively easy to redesignate, with INDE's

approval, San Marcos, Moyuta or Tecuamburro for exclusive US geothermal industry

development. Because INDE is actively developing Zunil and exploring Amatitlan, any

development there would have Io be eslablished in conjunction with INDE. For its part, INDE

stated thai its primary objective was to gel Zunil and Amatitlan on-line as soon as possible, to

salisfy the growing demands for electricity.

The principal deterrenl to the acceleration of geothermal development in Guatemala is financial

INDE would consider allowing US development of essentially any geothermal field in Guatel_ala Jl

, the financial and technical package were sufficiently attractive to INDE. Nevertheless, the

potential loss of the IDB prefeasibility and feasibly study granls are a major consideration for

INDE and would have to be worked oul belween 1DB and INDE. IDB, for ils part, stated that tile

sooner plants are on line, the better, and that ii could conceive of no objection on its part of
r

accelerating geothermal/electric-power produclion. Well-head generating units could be

installed and producing needed electricity on those sites where produclion wells already exist

within 9 to 24 months. The objeclion to this alternative appear more driven by short-term

economics and politics lhan long-term electrical production benefits.

As to lhe 3 areas (San Marcos, Moyuta and Tecuamburro) that are nol currently being devulop_..,d

by INDE, INDE indicated it would release its proprietary information only if a recovery of

developmental cosls were negotiated, even though most or ali of this information came from

inlernational grants. This economic decision is nolone conduclive Io promoling privale s,:, lot

acceptance oi commercial investment cooperation; however, ii was the consensus of the Tr__

Mission that _he official government polic-y was t_rlc_

B. TECHNICAL FINDINGS

An inventory of ihe major geolhermal areas in Guatemala has been done throughout the years b,

various organizalions, under various economic grants, in coordination with INDE. Copies oi ll_,-

sludies were not provided to the Trade Mission by INDE. Six major geolllermal areas were

discussed with INDE and other agencies: Zunil, Tecuamburro, Amatitlan, Moyuta, San Marcos,
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and Ipa!a. Three of the sites were visited by the Mission Team: Zunil, Tecuamburro, and

Amatitl&n:. The several sites are in widely differing stages of exploration and/or development:

Zunil I:

Zunil I is about 12 kilometers from Quetzaltenango in the central highlands of Guatemala. The

development site is about 2 by 2 kilometers square. Six wells have been drilled to depths of

800 to 1,300 meters. Four of the wells are probably producible. Definitive well tests are now

being conducted. Locations are on hillsides (similar to The Geysers geothermal field in northern

California). Accessibility is reasonably good, with some additional road work required. Ali

wells are drilled as straight holes. No directional drilling was considered. Studies need to be

done to determine the economic savings of drilling more than 1 well from a single pad.

Morrison-Knutson, as stated above, is coordinating the design and engineering of a geothermal

plant of approximately 15 MW based on the results of the current resource evaluation being

conducted by GeothermEx, Inc., another American firm and the resulls of 3 additional wells to be

drilled starting about January 1990. The resource appears suitable for a condensing flash

plant. A binary system probably could be used.to increase output, by utilizing surplus hot

water from a single-flash plant. The Mission Team was not given data on the fluid chemistry for

Zunil. That information and the concentration and composition of gases will be needed for the

detailed plant design. Los Alamos and GeothermEx have been working at Zunil, and have access to

this data.

The RFP for the drilling of up to 3 development wells will be put out for bid in late 1989. A

Request for Quotation (RFQ)for the turbine manufacture and installation will be issued in early

1990. Both are funded by the IDB.

Zvnil I1:

This is a larger area surrounding Zunil I, in which are found a multitude of thermal springs and

fumaroles. Western Japan Engineering Consultants, Inc. (WEST JEC), is conducling the

prefeasibility" study with IDB financing. This work includes geology, geochemistry and some

geophysics. One or two slim holes (to about 500 meters) will be drilled in late 1989 or early

1990, using an IDB financed rig.

II is not yet decided where the slim holes will be located. Improvement to mountain roads may

be needed especially if the locations are near the Banos Georgino hot springs. Transportation of

lhe drilling rig, wellhead equipment, and any future power plant would be expensive, because of

the terrain.
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The Zunil II prefeasibility study is to be completed by mid-1990. The results will be compared

to these of the Amatitl,_n prefeasibility study. The geothermal site showing the best results will

be chosen for a feasibility study, to be also done by WEST JEC with IDB funding.

Amatitl&n'

The existence of a high-temperature geothermal field is indicated from the geochemical,

temperature-gradient and other studies conducted to date. The field is approximately 20 miles

from Guatemala City, with major arterial access roads and nearby electric-transmission lines.

The field has the greatest logistic advantages of any Guatemala geothermal area, could be

developed in a relatively short-time frame, and might have the !owest cost for an initial 20 to

' 25 MW plant, lt might be possible to drill, test, construct and start a plant of up to 20 to 25

: MW at Amatiti&n within 2 to 3 years. This could be an excellent field in which to test an NGA

model for low-cost power generation in the shortest time frame.

• The prefeasibility study is being conducted at Amatitl_n by Electroconsult, an Italian company,

under Italian government and OPEC financing: "work includes geology, geochemistry and

geophysics. Six temperature-gradient slim holes have been drilled (the hottest being about

175°C). Five were drilled to 500 meters and one to 700 meters. The prefeasibility report is

due late in 1989. WEST JEC has again been selected by INDE for the feasibility study (IDB

financing). Completion of the feasibility study is expected in 1992. An alternative proposal by

Italy for all-Italian-financed developmenl has been presented to INDE and is being considered.

(1.75% loan with a 4 year grace period). UNOCAL has also expressed an interest in developing

Amalitl,_n and a power sales agreement is being discussed with INDE.

The drilling of 4 production diameter wells al Amatitl,_n is to be performed in 1990-1991.

They will be included in the same drilling contracl as the 3 production wells at Zunil. A short

list of drilling contractors has been developed which includes two US firms, one Japanese, two

Mexico,n, one French and one Belgian.

Tecuamburro:

The prefeasibilily work was done by Los Alamos. Additional drilling may be done under an

Italian grant by the end of 1991 or early 1992 by a consortium for two Italian firms,

AquateriDAL. Existing work includes geology, geochemislry and geophysics (see the list of Los

Alamos public.ations in Apper_dix B). Plans are to drill one or more slim holes Lo about 700

meters in early 1990. Geochemical studies indicate a high-temperature reservoir of as much
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as 300"C. A good access road is needed into parts of the area. Existing roads are poor, steep and

rock slrewn.

There is a high potential for a high-temperature geothermal resource at Tecuamburro.

T_'ansrnission lines are about 5 to 6 kilometers from the main thermal area. No funding is yet

available for deep drilling and well testing. UNOCAL has also expressed an interest in the

lecuamburro site development.

Moyuta:

This site was explored from 1972 to 1976 by the Italian group Eiectroconsult with Italian,

G, atemalan, IDB and other financing. Geology, geochemistry and geophysical studies were

performed. Twelve temperature-gradient holes (500 meters) were drilled, plus 2 deep holes

900 to 1,000 meters, the highest measured temperature was 114 °C. lt is now believed thai

the holes were located in an outtlow zone, and not in the major upflow zone. INDEis now

interested in re-analysis of data, leading to new drilling. No funding is available. Interest has

also been expressed by UNOCAL.

San Marcos:

Prefeasibility work may be completed under an Italian grant in late 1990 or early 1991 by

Aquator/DAL. They are to carry out a program of additional geology, geochemistry and

geophysics, and perhaps will drill one or more slim holes to about 500 meters. Plans are still

preliminary. No funding is available for deep well drilling.

Prelinlinary geology and geochemistry is being done, apparently by INDE. No external funding

is available. There are no detailed plans for drilling or development, although INDE hopes to

continue its work.

C. THE POTENTIAL FOR PRIVATEPOWERGENERATION

the !aw governing private geothermal development is the Geothermal Law, Decree No. 126-85

of December 11, 1985. In form and subst,:',)ce ii is similar to tile Guatemala hydrocarbon

development law. lt allows the Ministry of Energy and Mines to execute risk contracts for the

private exploration of a geothermal site for a period up to 25 years in exchange for a royalty,

provided that electric power is generated. The private contractor would sell the power to INDE.

There is no prollibition on the "sale" of the electricily to INDE, but the question was raised by
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the Ministry as to the private generation of electricity which is not specifically addressed in ll_e

Law.

Although the lack of implementing regulations for the geothermal law is oi concern, tl_e

opportunity to help participate in the formulation of lhose regulations in a cooperalive

initiation of a venture may prove, on balance, an asset to the NGA. The major issues to be

resolved in a regulatory framework include:

* INDE's acceptance of a long-term comfnitmenl to purchase steam or private-generated

power; and

. acceptance by INDE of avoided costs or marginal cosls as the basis of pricing the purchase

of power, as distinguished from nominal costs if _,hesupplied power is peak load, or the

establisf .... Jnt of a commercially reliable ratio if tl_e power is base load, lnust be

• determined._t

t

At present there is no institutional framework in place to promote a rapid, streamlined process

for private power generation in Guatemala. Thus, one must anticipate a relatively lengthy
|

-: bureaucratic process unless the Administration is interested in the expedition of geothermal

electric power. Furthermore, lhe unicameral Congress is taking an increasingly active and

independent role in government, thus making it difficult for the national President to make

unilateral decisions. Therefore, although the principal committee chairmen (Energy, Ecof_om_,.

Finance) were not consulted by the Mission Team they should be consulted at the earliesl

, opportunity to determine their attitude on private power generation which could affect the

I implementation of the Law.

t D. FOREIGN COMPETITION
I

i At the present, several of the major geothermal projects in Guatemala are lunded lor at leasl tt_,:
next stage of activity. An Italian firm is conducting the QPEC-IDB funded Amatillan

prefeasibility study. The Japanese firm WEST JEC is conducting the Zunil II prefeasibilily

study with IDB funding, and will perform feasibility study comparing the Arnatitlan and Zunil II

for further development. An Italian grant olfered for work at Tecuamburro and San Marcos

probably will result in an Italian study of those fields (despite the Los Alamos/USAID-financed

study currently underway at Tecuarnburro). A number of RFPs for slim hole drilling in bc_ttl

Amatitlb.n and Zunil II have been issued under IDB regulations and short lists of bidders llave

been determined.

RFPs for ali major geolhermal contracts financed by IDB or other mullinalional inslitulions aru
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published in the local newspapers. Our major competitors have local representatives in-

country, or are working on major projecls and may evan assist ill developing individual RFP.

These same RFPs are also ma;led to ali of the foreign embassies inlhecounlry. If mailed, the

RFP may ',ake _JpIn lwo to three weeks lo reach the appropriate US official at the American

Embassy. The American Embassy than d, afts a cable and notifies the Deparlme,'°, of Commerce,

who in lurn publishes the nc_ice in the Commerce Business Daily ar.3 notifie..,elect industrial

lrade organizalions. Thu Trade MissioT_estimates that, at times, lhis ;clal process may lake 4 to

5 weeks. By the time an individual polential US bidder is nolified, ii may be Io3 late to respond

effeclively as most RFPs have a 60 to 90 day response period.

Therefore, ii would be very beneficial for the NGA to establ',sh e_ose ties lo the commercial

atlache's office irl the US Embassy in each of the Central American counlries, ")r to have some

other procedure for rapid notification of up-coming RFPs. II is also vital to enlist the support

of the Department of Commerce in W,.lshinglon in arranging for special notificalion Io the NGA of

known or rumored commercial opporlunities. If the opportunitias exist, ii ma" become

necessary for NGA to retain a local in-country represenLalive or agent. Country registration or

legal representation _s net a prer,'quisite for biddi,lg, but ii is fo_ legal matters and contract

award.

The ne_l major open IDB-sponsured RFP will be for (i) the drilling of wells al Zunil I and

Amalitlan (1990-1991) and (ii) a power plant up to 55 MW for either Amatitlan or Zunil II,

in about two years.

UNOCAL has proposed an unknown dollar amount risk contract for the development of Amatitl&n

and the production and sale of steam to INDE. This proposal is under consideralion and study by

the Guatemalan government and INDE.

E. UNCERTAINTIES

Several uncertainties need to be resolved, in order for NGA lo clearly identify ooportunities for

US commercial activilies:

1. The geothermal resources at Zunil I are still net proven at 15 MW.

2. The total geothermal generating potential is unknown al Zunil II, Tecuamburro, and

Amatitlan, although there is a high probability that geothermal resources exist, as indicated

by on-going studies.
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3. There is an uncertainty of the existence of adequate resources at Moyuta, San Marcos or

elsewhere.

4. The degree of corr',)etilive interest from Italy, France, Japan, etc., is high. Whal

commitments would the US need to malch their potential offers?

5. There are unknown and unpublished commitments made by INDE, or commitments now being

negotiated. How can NGA get this information?

6. There are questions of lhe strenglh of INDE's commitmenl to continue with geothermal

development after Zunil I and Amatitl,Cn/Zunil II, and lhe new upcoming administralion's

commitment to geothermal development is a total unknown.

,- 7. Geothermal law regulalions need to be written and irnplemenled Io allow private investn_er_t

of geothermal resource exploration and development. How should the NGA proceed?
t

8. Pricing structures for the sale of steam or electricity 1o INDE must be worked out. What

steps should NGA take at this time?

F. REQUIREMENTSFOR FURTHERACTION

1. Publication of the regulations by the Governmenl to implement the geothermal privatizalion

law.

2. Release to NGA of completed resulls and studies for Amatillan, Tecuamburro, Moyula

exploration to date.

3. Better assumptions on which to base (a) developmenl cost estimales for each field, and (b)

private sale of steam and/or electric power to INDE.

4. The continuous supply of reliable and timely information from US Embassy/AID-ROCAP

regarding polilical and economic conditions in Guatemala, and/or lhe establishmenl of a local

agent or representative.

5. The identification of competitive sources of financing for US geothermal activities in

Guatemala.
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G. OBSERVATIONS,IMPRESSIONSAND ASSESSMENTS

t. Despile geolherrnal projecls exterlding back to at least 1972, INDE:

• does not appear Io have had a deep commitmenl to geothermal development until recently;

• is cauliously awaiting results of development al Zunil before making additional

commitments; and

• has developed a small technical group relative to the anticipated future development,

further suggestion of a wait-and-see attitude.

2. INDE has enjoyed significanl offers of financial and technical support for geolhermal

projects: IDB, Italy, Japan, OPEC Fund, USAID. Therefore, INDE:

• has been able to rely on expalriate technical help rather than developing a significant

technical group; and

• believes that it is able to continue to pick and choose among potential future financial

offers.

3. After over 10 years of work at Zunil, the status of development and calculation of reserves

is not far advanced, lt remains uncertain how large the reserves are at Zuni! I, although

probably 15 MW can be supported. The larger Zunil II area is an unknown quantity,

although an attractive prospect.

4. Amatitlan looks attractive; exploratory wells should be drilled to perhap_ 1.5 to 2

kilometers. The same is true for the smaller area of Tecuamburro. Moyuta is worth a re-

evaluation of the earlier (1972-1976) exploration data. The original drilling at Moyuta

appears to have been based on a possible misinterpretation of geophysical survey data.

5. Except for Zunil I, ali geothermal resources remain exploration projects, no more. No

reliable estimate can be made of reserves al Zunil II, Amatitl&n, Tecuamburro, Moyuta or

elsewhere at this time.

6. The INDE tech,,ical staff have been trained largely by the Italians, and still has close ties to

them. Recent efforts by the US (Lq,,sAlamos/USAID studies, NGA reverse trade missions,

NGA short courses, etc.) are beginning to make an impression onlNDE. This should be

conlinued, with additional atlenlion given to longed-term training residencies in USA.
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7. INDE appears to be especially in need of help in:

• assessment of exploration data/results;

• drilling of larger-diameter (>3 inch) holes;

• reservoir engineering, including computer modeling; and

• operation of geothermal production systems.

8. Any proposal should include:

• training in the USA for selected INDE technical staff;

• free assistance to reassess exploration data from olher geothermal prospects;

• strengthening of INDE's geothermal computer data-processing (hardware and softwarei:

and

• offers to further strengthen the infra-structure (roads, field vehicles, field camps, test

facilities) available to INDE. Some (all?) of these may be suitable for funding by US Aid

or other US funding sources.

9. In the past, INDE has moved very slowly on projecl approvals, award of contracts, etc. This

slow pace can be expected to continue, at least until Zunil I is proven commercially

successful. Faster availability of grants or low-cost financing may increase after that.

H. CONCLUSIONSAND RECOMMENDATIONS

The time appears right for a US geolhermal initiative in Guatemala.

1. An annual 10% increase in the demand for electric power places enormous pressure for lhc

expansion in INDE's electric-generation system.

2. There has been an over-reliance on one large hydro-electric plant.

3. Geothermal power appears to be available in quanlity. Allhough it has been sludied for rnan_,

years, it appears to be commercially exploitable now.

4. The political will to allow private developrnent of electricity appears to have been reacl_ed

A serious proposal wol_ld nudge privatization into being.

5. An initial effort for a BOOT contract could be coslly and tittle-consuming because tl_;

institutional framework for implementation is not in place.
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6. To initiate serious discussions, INDE has requested the submission of an NGA generic model,

including power purchase and related agreements which describe the concept. Dollar

amounts and detailed implementalion would come later.

7. Financing is the key to the successflj! development of the geothermal resources in Guatemala.

There is virtually no public nor private capital for the financing of large infrastructure ".

projects in Guatemala. Although Guatemala is up to date on its multinational institutional

loans, has repaid some capital, and has legislation in place which insures continuity, its debt

burden is critical. Thus, if the US geothermal industry, with government and/or private

assistance, can provide long-term financing with delayed interest payments and

simultaneously expedite the development of geothermal energy, the opportunity to capture

this market is there.

8. On-site observation coupled with comments from INDE led the Mission to conclude that

Amatitlan offei's the most immediate potential to US industry for private power generation

and direct heat industrial use. Both Zunil II a.nd Tecuamburro are more remote, less

advanced in exploration, afford dilficult access, and would require considerable

infrastructure expenditures. Moyuta appears to offer less immediate opportunities. Little

is known about San Marcos. INDE believes that it has two options to create geothermal

generating capacity:

• Purchase the generating planls. US Industry will have to compete with foreign

subsidized loans similar to the following proposed financing: (i) The Italians are

offering US $150 million at 1.75% for 40 years, with a grace period of 4 years. (ii)

The Swiss are offering a package that is 35% grant and 55% loan, with a 20-year

period, and the loan portion at 1% over prime Swiss foreign rale (about 4-5%).

• Purchase energy from other countries, or from private companies such as UNOCAL, who

according io INDE have offered to invest up to $100 million in a geothermal

development al a site of UNOCAL's cl_oosing.
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I. US GEOTHERMAL INDUSTRYOPPORTUNITIES

1. A drilling contract for 3 production wells al Zunil I and up lo 4 holes at Amatitlan wilh IDB

funding will be put out for bid by late 1989.

2. The Zunil I IDB-funded turbine/plant-construction contract for a nominal 15 MW will be

let out for bid in early 1990.

3. An offer by an American firm has been made to install a mobile 3-5 MW wellhead turbine-

generator to be placed at one Zunil well until that well is needed to supply Zunil I in 1993

(a maximum of 3 years operation). No financing is presently available for the offer.

4. INDE has discussed calling for cornpetilive bids to drill and develop Amatithan, eilher in

small (3 to 15 MW) increments or as one larger planl. The plant size will be determined

by prior drilling and testing. Competitive interest exists (Italy, IDB, Japan, and others).

, No funding is yet available for such development. If funding becomes available the firsl

wellhead unit could be installed by the end of 1992 or early 1993.

' 5. The situation at Tecuamburro is similar to Amatilla.n. Competitive interest has been
1

: demonstrated by Italy and UNOCAL, but no financing is presenlly available, lt migh_ be
i

, possible Io install the first wellhead unil by 1993-1994.

6. Moyuta is similar to Amalitlan and Tecuamburro bul would require larger lead time for

development. There is a possible interest from UNOCAL.
t
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VII. EL SALVADOR

A. GEOTHERMALBACKGROUND

The Commission Ejecutiva Hydroelectrica del Rio Lempa (CEL) is the quasi-governmental

electric power generator and distributor of El Salvador. They have an installed electrical

generating capacity of over 600 MW. lt is the most advanced geothermal industry in Central

America, with 95 MW of installed geothermal generating capacity. This represents about 37%

of the country's electric-power base load capacity--a figure projected by CEL to remain

conslant for the next decade.

El Salvador has several hundred MW of geothermal resource potential, lt plans to put on-line

an additional 225 MW by the year 2000. CEL's 10-year power development plan includes the

development of 5 geothermal areas: Ahuachapan, Berlin, San Vicente, Chipilapa and Coatepeque.

The Ahuachapan field was allowed to run down due to the lack of financial resources and the

guerrilla activity. A renovation effort is now underway, and financial sources are being

investigated. These include the Central American Bank for Economic Integralion (CABEI) and

the government of Japan. Small grants have been obtained for studies from Mexico and USAID.

Belgian funding will be used to support a Belgian drilling contractor and turbine manufacturer

in the development of the first stage of the Berlin site. France, in concert with the IDB is

financing the first 2 phases of the drilling and well testing at Chipilapa. The Government of

Italy is funding the first stage of exploration in Coatepeque. Subsequent stages of activities in

ali 5 areas are open for additional financing.

The June 1989 change in governmenl hampered the Trade Mission's ability to evaluate CEL's

reaction to our suggestions for private development of the geothermal resources. The new head

of CEL's geothermal division took office the day we arrived, the new president of CEL was out of

the country, the new executive director was uninformed about the visit, and no visits could be

scheduled wilh the governmenl ministers responsible for energy and natural resources because

they had not been appointed. Nevertheless, the technical staff was well prepared for the visit

and the quality of the geothermal ooeralions, facilities and expertise bespoke a high degree of

professionalism. The ability of the CEL slaff was clearly very high during a time of great

political and economic transitions. This indicated organizational stability and competence.

As in Guatemala, financing is the essential element in gaining access to the Salvadorian

geothermal market. However, by law and by principle, CEL alone is responsible for geothermal
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development and electric-power production and transmission. The Canadian-owned company

that managed power transmission and distribution to the greater San Salvador metropolitan area

was absorbed byCELin 1981 after 50 years of operations. CELofficially advised that it was

difficult to think in terms of private production of geothermal electric generated power on a

long term basis as CEL is the geothermal electrical production authority. I.lowever, CEL stated

its interest in the purchase of US services and equipment if financing could be arranged to CEL's

best interest. CEL noted their perception that the lack of US geothermal industry presence in El

Salvador was primarily the result of a lack of interest by American companies. The technical

expertise of the United States was a known fact, and CEL expressed a receptivity to any proposal

which makes financial sense to CEL.

CEL expressed concern about possible Salvadorian private-citizen participalion. Whereas US

private investment might be acceptable, local private participation might creale political

problems, unless CEL is to nominate the local investors. In contrast, the Central American Bank

for Economic Integration (CABEI) indicated that private investors in the western departments oi

Santa Ana, Ahuachapan and Sonsonate, which encompass the Ahuachapan and Coatepeque

geothermal fields, might be interested in joint ventures with US companies.

B. TECHNICAL FINDINGS

The security briefings provided by US embassy security officers indicated to the Trade Mission

that a risk of guerilla activity exists almost everywhere in the country. However, the areas of

Ahuachapan and Chipilapa, in the far western part of El Salvador, are relatively free from these

problems. By contrast, the areas of Berlin and San Vicente are difficult to develop as they are

considered dangerous zones by the Salvadorian government

GEOCEL (CEL's geothermal division) provided the Mission Team with considerable technical

information concerning the Salvadorian geothermal resources and CEL's future developmer_l

plans. CEL's geothermal development projects need an estimated US $860 million between now

and the year 2000 to maintain CEL's projected 35% base load generated from geothermal

resources.

The Mission Team visited 3 geothermal sites' Ahuachapan, Chipilapa and Coatepeque. As

mentioned earlier,there is one producing field (Ahuachapan), lwo previously drilled prospccls

(Chipilapa and Berlin), and several attractive prospect areas in varying stages of exploralion

(including Coatepeque, San Vicente, Chinameca and al leasl 6 others).
r
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Ahu.achapan:

CEL has 95 MW of installed capacity in 3 power plants (built by Fuji and Mitsubishi). Of a

total of 32 wells drilled in the 1/2 square kilometer field there are 14 producing wells, 2

injection wells and 4 monitoring wells. Severe pressure, temperature and water-level declines

have occurred at Ahuachapan since the first 30 MW plant began operation, with the results

being lhat the present electric-power oulput is now 57-60 MW. Various data indicate that the

main up-flow area is to the south or southeast of the production field, with the present

production wells located in an outflow zone. There is a probability of cool-water inflow into the

field from the east or the southeast. Temperature, salinity (18,000-25,000 parts per

million), and non-condensable gases (<0.8%) ali increase east-to-west and north-to-south in

the wells. Enthalpy and steam percentage vary from well to weil, in part because of the

pressure, temperature, and water-level declines and the cool-water intrusion. There is a need

Io expand exploration and production to the south. Three new wells are planned: two at 1,500-

2,000 meters, and one at 3,000 meters depth. CEL's objective is to search for the southwest

conlinuation of the existing field and for possible deeper reservoirs. CEL scientists have

forecast temperatures to 260':C in the main up-flow zone (compared to the original 240°C in

Ahuachapan wells, now down locally to 215°C).- No make-up drilling has been done in 1980's

because guerrilla activity and the resulting economic problems. Serious efforts at

revitalization are now underway: this include reservoir assessment studies by Los Alamos and

Lawrence Berkeley Laboratory (LBL), and the Instituto de Investigaciones Electricas (liE of

Mexico).

CEL would like to add three 5 MW binary plants to be used both for conlinued reservoir

evaluation and as additional generating capacity at Ahuachap&n. These plants would use water at

150'C from the first steam flash, or at 110°C from the second flash or from hot water wells.

There is abundant fresh make-up water for cooling. CEL also plans to stabilize the output from

the 3 large existing generating plants and possibly increase the output by up to 10 MW as a

resull of the planned drilling of 3 new wells.

The Ahuachapan field and the planned well Inr'ations are easily accessible. Ali oi the 32 wells

were drilled vertically (only one well per pad). However GEOCEL has expressed an interest in

obtaining information on multi-well pads and directional drilling, because of the poteni;al for

cost savings.
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Chi oil_D_;

This may be a continuation of the Ahuachap_.n field, lt is 3 kilometers to the east. One well had

high temperature but a low flow rate. CEL is presently drilling into a geophysical anomaly,

with French financial and technical assistance. The resource size is unknown, but may also

extend to the south at greater depths. The French will finance two well-head 5 MW units (if

drilling is successful) in 1990. CEL's plan is to drill to 1,500 meters to obtain suitable

temperatures and permeability. They also plan to install a third 5 MW plant, with Belgian

financing at a cost of US $8 million if drilling continues to be successful. CEL will finance up to

US $4 million of the cost. The exploration, drilling and wells are estimated at US $600 per

kW, and the plant at US $1400 per kW. Financing is at 7.4% interest. Chipilapa is still in the

early stages of exploration. A Belgian rig is being employed with Salvadorian crews and a

French drilling superintendent. Crews from the US would definitely increase the drilling

performance, but at a greatly increased labor cost. The additional cost would be recovered by

decreasing the drilling time of each weil.

Berlin:

Three wells were drilled in 1968-75, with high reported temperatures (>240°C) but with

only moderate hot-water flows from a moderate depth. Berlin is located in the eastern part of

country, in the center of guerrilla activity. Exploration work is continuing with difficulty,

with French financial and technical assistance. Two well-head 5 MW units (Belgian financed)

are reportedly being installed. These plants are scheduled for February 1990 operation.

Coatepeque:

A prefeasibility study (geology, geochemistry, geophysics) has just been started by an Italian

firm with partial Italian financing. The completion date is mid-1991.

Others;

Several other areas are identified on maps or in work lists: (i) San Vicente is a volcanic

center, located between Berlfn and San Salvador. Some reconnaissance studies have been

conducted, lt is in the zone of military activily. There is no known current work. (ii)

Chinameca is another volcanic center in the eastern part of the country. Some reconnaissance

studies have been done. lt is in one of the zones of military activity. There is no known current

work. (iii) San Lorenzo, Caluco, Chambala, Chilanguera, and OIomega are identified by name

only. The status of past or current work is unknown.
J
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CEL's Geothermal Development Plan:

CEL has proposed the following plan for geothermal development through the year 2.000 (see

Appendix C):

Plant ,\tW -

Year Field _;ize & Type Financing ?r,2j_ec! Cumulative

'89 Berlin Two 5 MW well-head, non-cond. Belgium I 0 1 0

Chipilapa Two 5 MW well-head, non-cond. France t 0 20

'91 Ahuachapan One 3 MW binary, well-head 3 23

'92 Berlin One 3 MW well-head, ncn-cond. CABEI _ 0 33

'92 Ahuachap&n Additional steam supply, to CABEI (?)

stabilize field at 75 MW

'93 Chipilapa One5 MW well-head, non-cond. Belgium (?) 5 38

'94 Berlin 30 MW condensing 3 0 6 8

'95 San Vicente Two 5 MW well-head, non-cond. - 10 78

Chipilapa 30 MW condensing - 3 0 108

Ahuachap_.n 10 MW (not stated) - ! 0 118

'9 6 Coatepeque Two 5 MW wellhead, non-cond. - '10 1 2 8

If financing for the planned geothermal power development continues at lhe proiected fas_ ra'e,

CEL will not install fossil-fuel burning plants.

CEL's geothermal energy developmental plans are very ambitious. Geothermat power curren:_'i

provides >25% of El Salvador's electricity. CEL intends to keep a similar or higher percentage

throughout the rest of century. CEL's expansion plans call for the following:

AhuachaD_.n:

1. Three 5 MW binary well-head generators, using a blend of low-pressure. ";,,,-f!,';,'J steam

and 150-170°C water from existing wells currently not being used, ,,,,,illUe :':s:a:_:eO. CE:

plans to solicit bids with external financing.

2. CEL is working on the stabilization and revitalization of existing field b/ rear'a,r,gir';9 the

steam flow lines and by drilling 3 new wells to the south in a higher-lempera!:_re area.

This effort is being impacted by the reservoir engineering study thal LBL t ";_,:,",3',','.,n Lss

Alamos/USAID funding. No new turbines are planned. CEL hopes this ,,,,._i,'_'.-;>.:.e c:,'s.:

from the currently estimated 60 MW to 70 MW (of the original 95 1.4Wcap_c :/).

Completion of this project is anticipaled in 1992. CABEI is being asked !o _,r:,ance_r;is

project.
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3. Additional well-head generating units, perhaps totaling 10 MW, are projected. No financing

is yet available, because of the uncertainties regarding the reservoir production capacity.

Production is hoped for by 1995.

ChiDilapa:

Two well-head 5 MW units financed by France are to be installed in 1990 if the geothermal oi

resource is sufficient. CEL will add a 5 MW well-head unit in 1993 (initial financing

discussions are being held with the government of Belgium) and possibly a 30 MW plant in

1995 if the geothermal resources are available. There is no certainty on the resource

availability nor the financing beyond the initial 10 MW.

Berl(n:

Two well-head 5 MW units financed by Belgium are scheduled to be installed by February

1990. If the geothermal resource is sufficient, CEL will install two additional 5 MW well-head

units in 1992 (possible Belgian or CABEI financing), and up to a 30 MW condensing plant in

1994. There is no financing for the 30 MW plant. This project depends greatly upon guerrilla

activity in the area.

Coatepequ_

Development depend upon results of work just begun. The first two 5 MW well-head non-

condensing units could possibly be installed (if the geothermal resource is adequate) in 1996.

San Vicente:

Development depends upon results of a proposed feasibility study (no financing yet available).

If the resource is adequate CEL plans 1.oinstall two 5 MW well-head units in 1995.

Well-head units would be moved from field to field as development proceeds. However, CEL still

anticipates a maximum need for up to twelve 5 MW well-head units by 2000 at Berlin, San

Vicente, Chipilapa and Coatepeque.

Ali future geothermal energy development in El Salvador is dependent on external, international

financing for the projects. The following items must be considered when looking at El Salvador

as a potential market:

1. CEL will remain in charge of ali geothermal development in El Salvador. CEL will also

continue to control ali geothermal exploralion and drilling activities. No one should attempt

to by-pass CEL with separate offers of private development. Private development will be

considered by CEL, but with great caution.
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2. CEL is pursuing many lines of bilateral and multilateral financing, both as loans and grants.

The NGA will have to compete with French, Belgian, Mexican, Japanese, and Italian offers as

well as projects arranged through CABEI and IDB.

C. UNCERTAINTIES

1. The military-political situat,_n remains difficult and problematical, especially regarding

Berlin, San Vicente, and Chinameca.

2. The size of the resource at Berlin, and the size and quality of the resource at Chipilapa,

Coatepeque, San Vicente and Chinameca are yet to be proven.

3. The degree of future competitive interest from Italy, Japan, Belgium, Mexico, France and

possibly others could have a negative effect on American penetration of this market.

4. The willingness of CEL to accommodate private investment in field development and

ownership of power plants is questionable.

5. The US geothermal industry's ability to interest American financial institutions and the US

government to lend and/or donate to El Salvador's geothermal development must be

determined.

D. CONSIDERATIONSFOR INCREASEDEXPORTS

1. The results of exploration or drilling at Chipilapa, Berlin, San Vicente, Chinameca, and

Coatepeque must be obtained and disseminated within the US geothermal industry for

decisions regarding financing of like activities.

2. The results of reservoir analyses (Los Alamos/LBL and liE/Mexico) for Ahuachapa.n must be

released to the US geothermal ib_dustry for decisions regardit,g field renovation and/or

expansion.

3. A continuous flow of reliable information on the economic, political, and military situation

in El Salvador is needed from the US Embassy and AID/ROCAP.
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4. A better and more rapid system of information and dissemination is needed (i) regarding

calls for bids by CEL and, (ii) other-country offers of loans/grants to CEL. A local

representative or agent may be needed.

5. Follow-up trade, missions are needed to establish closer relationship with CEL. Special

efforts are needed to establish closer contact with key CEL personnel who maintain close ties

to Italy and New Zealand.

6. A better set of assumptions is needed, on which to base development cost estimates for each

field.

7. Any US proposals to CEL should include:

• long-and short-term training in the US for CEL staff;

• US technical assistance in improving CEL's drilling operations;

" • US technical assistance in reservoir engineering (calculation of reserves and

development potential) via the various US government-sponsored training programs;

• training in the high-technology aspects-of computer operations; and

• a strong emphasis on the US lead in binary generation technology.

E. OBSERVATIONS,IMPRESSIONSAND ASSESSMENTS

CEL's engineering and operating personnel are probably are as good as any in the third world.

GEOCEL provided the Mission Team members with very detailed information on their plans for

each site, including financing and the current level of technical studies. This should greatly

assist the NGA Consortium in their decision making.

CEL has made a major commitment to geothermal development. This probably will continue,

despite geothermal reservoir problems at Ahuachap&n, major military problems and limited

internal financing. CEL's geothermal program is very ambitious, given the guerrilla activity,

the bad economic situation, and the lack of specific data on reserves for Berlin, San Vicente,

Chipilapa, Coatepeque, etc. They will require extensive external financial help. This offers

both problems and opportunities.

CEL has a sophisticated, effective operation and staff. The staff are technically experienced and

proud of their capabilities. Many of them have received training in Italy, New Zealand, Japan.

Close ties to these countries exist, especially to Italy.
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CEL prefers to own and operate ali geothermal plants. Private investment would need

government approval and changes in the law to allow the operation and sale of power to the CEL

grid. There are too many pitfalls in the path of foreigners owning and operating geothermal

plants in El Salvador, even for a period of only 2 to 5 years, lt is preferable to sell plants

and/or equipment to CEL, contract for the installation and let CEL perform the construction and

operation. Contracts also should incorporate a training package with on-call technical

assistance as needed. CEL would operate the plants and manage their fields with direct private

investment.

Except for the AID/ROCAP funded Los Alamos/LBL geothermal reservoir study at Ahuachap_.n,

there is no US geothermal industry presence in El Salvador. Currently the US private industry

occasionally sells valves, wellheads, tools, etc. to CEL.

CEL has no major international bank financing for its geothermal operations, lt relies on

bilateral financing and grants: France (Chipilapa and Berlfn); Italy (Coatepeque); Belgium

(Berlin and perhaps Chipilapa); Mexico (Ahuachapan); and the US (Ahuachapan). Japan is in

the wings, waiting and assessing. The technical assistance provided by Los Alamos and its

subcontractors (LBL being one) may increase the market penetration of US goods and services !o

the region, but not as much as the industry might like.

F. US GEOTHERMAL INDUSTRYOPPORTUNITIES

1. CEL plans to contract for three 5 MW binary plant at Ahuachap,_n in 1990. External

financing will be required.

2. A drilling contract for 3 production wells at Ahuachaps.n will be let out for bid by CEL in

1990. Financing is expected from CABEI, but may be supplemented from other external

sources.

3. Two 5 MW well-head non-condensing unit for Chipilapa will be purchased by CEL in 1991.

External financing will be needed.

4. A 30 MW condensing plant for Berlin may be let out for bid by CEL in 1991. This will

greatly depend on li_e military situation and the results of the resource assessment and

drilling. External financing will be required.
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5. Further geothermal development bidding at Ahuachapan, San Vicente, Chipilapa, etc. may

take place in 1992 or later. No financing is presently available for any of these potential

projects. The NGA Consortium could propose on these projects if they can provide their own

financing.

6. There may be opportunities to install flash-steam and/or binary wellhead units at

individual wells, prior to their being put into use supplying power plants at any of these

fields. Specific proposals (including self-financing) are needed.
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VIII. HONDURAS

A. GEOTHERMALBACKGROUND

The Empresa Nacional de Energia Electrica (ENEE) is the government-owned power company in

Honduras. However, no single organization is responsible for the overall formulation of energy

policy in Honduras. Government agencies with geothermal responsibilities include the

Secretariat-Ministry of Planning, Coordination and Budgeting (SECPLAN) and the General

Directorate of Mines and Hydrocarbons (DGMH). As an example of the independence of action,
,

DGMH has supposedly granted two sequential mineral-exploitation concessions allowing

geothermal development (with a 50-year exploitation right in the San Ignacio geothermal

area). This concession was granted without review or approval either by ENEE or SECPLAN--

each of which appears to hold veto powers over future development.

Among the Central American countries visited by the Mission Team, Honduras had the least

developed geothermal resources. Honduras has serious economic problems which serve to

reduce interest in geothermal development and financing of major projects.

The law creating ENEE does not give ENEE the exclusive right either to develop power or to

exploit electrical power generating resources; nevertheless, ENEE would be the sole client of

any private power producer under the current scenario. The Mission Team was given a copy of

the energy expansion plan (see Appendix D) during the visit. Unfortunately, no mention is made

of geothermal energy in this plan.

The geothermal potential in Honduras is estimated to be a few tens to a few hundred MW, of low

to moderate temperature (160 to 205°C). Six geothermal sites have been investigated in detail:

Platanares, San Ignacio, Azacualpa, Pavana, El Olivar and Sambo Creek. Detailed investigations

by Los Alamos and others have led to the identification of Platanares as the site having the

highest potential in lhe country. Platanares was the only site visited in Honduras.

B. TECHNICAL FINDINGS

Platanares is located in the extreme west-central part of Honduras, 16 kilometers west of Santa

Rosa de Copan. lt was the most remote area that the Mission Team visited, lt is located along

that takes one hour to travel by 4x4 vehicle from a paved highway. An improved road would be a

requirement for any field development. The steep terrain may also be best suited to multiole-
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At Platanares, explota;,c,":._, _'.s '-,d---,.-ss c.: +':.';_:c :_rcu+g_ '.+'eprefe_sibiiit,, st3ge. Three

slim holes were drilled. _._C_ :-c"'1" -_sc,_r..'_ :-_s _'e£_ Pound at 600 to "'00 meters. Well no. 3

will flow about 17 ki_c_r=,._',s_,ccr,c. ,_,_ich '_'c..c g-_e,'_._teS to 3.5 KW with a bir'_ary plant.

Geochemically, there is _-." _¢:_:_,.:=.i_+:.,.._C.-=-perresource idBpth unknown_ of 200 to 220"C.

The shallow zone appears b_e_ sui:._.c_e'ct a b;_s.r,, geothermal project, the deeper -"one may be

suitable for a flash pta_t+

Transmission lines are tc _e _,.i','. :¢ ,,,,+_:_i__ k.;i_meters of P[atanares by 1991, thus

providing relatively eas_,'.=.cc_:_=._t_ t_s t;a_smis._io_ grid.

Platanares wouJd be suitabie '_:¢"r=_._ci.a;de_,eiccmer,t by binary-cycle generation. Further

drilling of larger-diameter wel!s ,_cuic be _ecess:_r_,'. The existing wells need to be tested, if

possible, and monitored for possible sc._!ebuiid-up. A calculation of reserves then needs to be

made. Thereupon, the dee;or he'.tor reservoirshoutd be tested by deeper drilling

(approximately 2 km). No current work is underway.

The Mission Team believes that the F!,atanares site is technically and economically feasible as a

demonstration project for US geothermal technology, lt should be possible to install 5 to 10

MW of binary generation by the 1991 dale of completion of the transmission line being built in

the area, if work can begin in 1989. F;nancing wo['ld need to be arranged. The UNDP has

indicated an interest to co-finance the development at Platanares.

In addition to Platanares, 4 other thermal areas have been identified with temperatures

probably >150°C: Azacualpa, San Ignacio, Sambo Creek, and Pavana/Nacaome. Azacualpa and

San Ignacio have been explored in detail and one or more shallow holes have been drilled at each

site. Each requires further exploratory drilling, and may ultimalely prove suitable for

binary-cycle power generation. The suitability of Sambo Creek and Pavana/Nacaome is

unknown. No high-temperature (>220°C) volcanic sites have been identified in Honduras.

C. THE POTENTIALFORPRIVATEPOWERGENERATION

A minerals and geothermal conc?ssion of unknown validity has been granled for ',he geothermal

site of San Ignacio. Additional exploration and drilling is planned at San Ignacio, but insufficient

financing is available. A representative of the San Ignacio concession discussed his problems
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with the Trade Mission, and was advised to pursue a steam or power sales agreement with the

national electric utility (ENEE), as a pre-requisite to arrange financing, lt was also suggested

that he discuss co-financing with the UNDP.

ENEE and the Honduran government realize that a comprehensive resource assessment is needed

for Platanares (and,of course, at any of the other sites) before the private sector would

consider financing a geothermal project. The problem is acquiring the up-front finances for

studies of ihis nature without first being able to demonstrate tllat the geothermal resources have

a promising potential for large generating plants.

D. FOREIGN COMPETITION

Platanares:

The UNDP has expressed a willingness to co-finance the F_tatanaresgeothermal development. A

financial offer from the Government of Italy has been promised as a follow-up to the Italian co-

financed exploration at Azacualpa, San Ignacio and elsewhere in 1987-88. The Japanese

government has also expressed an interest in financing or co-financing development at

Platanares. As mentioned earlier, Platanares probably could support up to 5 MW binary from

the shallow (about 600 meters) zone, with generation beginning in 1992. The potential of the

deeper zone is unknown. ENEE expressed an interest in receiving a technical and financial

proposal from the NGA for the development of Platanares. If a proposal proved to be acceptable,

ENEE would pursue ali of the necessary approvals from SECPLAN, and MinistT.vof Natural

Resources, Mines and Hydrocarbons, etc.

Azacualpa:

Exploration was conducted by Los Alamos and an Italian firm under AID and Italian-UNDP co-

financing. Two slim holes were drilled by the Italians to about 600 meters, with measured

temperatures to about 135°C. Reservoir permeability probably is adequate, but the resource

needs significant further testing before it could be declared suitable for binary-cycle

development. Azacualpa thus is about 6-12 months behind Platanares in assessment.

Geochemistry at Azacualpa also indicates a deeper reservoir (unknown depth and permeability)

with temperaturos to 180-210°C. If Platanares is unavailable for development, Italy may

offer to co-finance Azacualpa with UNDP.

San lanacio:

Exploration was conducted by Los Alamos and an Italian firm under AID and Italian/UNDP co-

financing. One slim hole was drilled by the Italians outside of the anomaly. Geochemistry
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indicates temperatures up to 210-215°C at an unknown, but probably great depth. This site

requires further exploration drilling prior to assessment of the resource.

Sambo Creek And Pavana/N_caome:

Geochemistry indicates a temperature of >150°C at each, at unknown depth. Geological and

geophysical exploration have been limited at each site; there are no current plans to continue

exploration.

E. UNCERTAINTIES

Although ENEE has a geothermal group, and has worked for several years on Platanares and

other projects, ENEE does not appear to have made a commitment to the utilization of geothermal

energy, lt remains unknown if the Platanares field will fit into ENEE's generation plans for the

'90's.

Honduras looks promising for binary-cycle geothermal generation from a technical viewpoint;

however, financing and the payment by ENEE for the imported goods and services are problems

that must be resolved when deciding upon any future US industry involvement in geothermal

development in Honduras.

ENEE's Presidente Ejecutivo, lng. Jose Ramiro Zuniga, stated that Honduras presently has excess

power from the El Cajon hydro plant, and sells electricity to Nicaragua, Costa Rica and Panama.

According to ENEE's projections, the surplus will end in 1992. ENEE expects to be able to

develop another large hydro project, but not before the year 2000. Honduras will only be able

to meet its own demands or experience a shortage of electricity between about 1993 and 2000.

Geothermal power could fill some of that generation gap. ENEE has been considering the

installation of 100 MW of imported fuel.oil thermal generation capacity to fill the expected

energy gap between 1993 and 2000, perhaps four 25 MW bunker turbines. Geothermal power

could offset one or more of the proposed fuel oil turbines. Without incentives in the form of

external financing. ENEE is likely to do nothing with its geothermal resources.

There are many uncertainties within the Honduran government regarding power development

planning, privatization, etc. These uncertainties will need to be resolved. The Mission Team

believes that ENEE would accept a small (5 MW?) development plan for Platanares if properly

financed, planned and presented.
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F. PREREQUISITESFOR US INVOLVEMENT

1. _ determination should be made of the validity of the private concession for San Ignacio, and

of the intentions to proceed with drilling.

2. An information-flow system regarding Italian, Japanese and UNDP geolhermal intentions

and activities in Honduras should be established.

3. Commitments should be sought from ENEE to build transmission lines and purchase

electricity from. private developers at Platanares prior to commencing any further work at

the site.

4. A commitment from the US government for co-financing should be obtained prior to

addilional development at any Honduran geothermal site.

G- OBSERVATIONS,IMPRESSIONSAND POTENTIAL

1. Platanares is essentially ready for development. A geothermal program to produce about 5

MW would cost less than US $10 million, and would consist of:

• flow-testing the existing slim holes - $0.3 million (may or may not be possible);

• drilling 2 large-diameter production wells and an injection well to about 700 meters -

$1.5 million;

• resource-assessment and field development planning. $0.3 million;

° installation of pumps on the production wells - $0.5 million;

• roads, water supply, other infrastructure, as required - $0.5 million;

• design, manufacture, and erection of a 5 MW binary-power plant - $6 million;

• training of ENEE engineers and scientists - $0.1 million; and

• purchase of other equipmenl (vehicles, computers, fools, etc.) and consumables - $0.2

million.

The Platanares project could be completed within 3 years after inception, lt may be

possible to get the UNDP or IDB to agree to the purchase of only US goods and services in

return for US co-financing of Platanares with UNDP or IDB. This has been done previously

by the government of Italy in Honduras and elsewhere.

2. Once tl_e uncertainly regarding the vatidily of the private concession at San Ignacio has been

c!arified, and if a valid steam-sales agreement can be reached with ENEE, it may be

atvractive Io help raise morvey from private investment sources for drilling, field

assessment and developmenl.
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IX. COSTA RICA

A. GEOTHERMALBACKGROUND

The Instituto Costarricense de Electricidad (ICE) was created in 1949 as the government owned

institution responsible for electric-power generation and transmission, and overseeing of

power-system planning. The power sector also includes the Compania Nacional de Fuerza y Luz

(CNFL), a subsidiary of ICE; two municipal utilities, the Empresa de Servicios Publicos de

Heredia (ESPH) and the Junta Administrativa del Servicio Electrico de Cartago (JASEC); and 4

rural electricity distribution cooperatives: Guanacaste, Santos, San Carlos and Alfaro-Ruiz.

In addition to CNFL, ICE also owns the Compania Radiografica Costarricense (RACSA), which

provides data communication services for the country. ICE itself provides telecommunication

services within the country pursuant to a 1963 law, and international telecommunication

services by subsequent legislation. This combination of electi'ical and telecommunications

services is somewhat unusual, since in most developing countries telecommunications is tied to

postal services. This exception to the rule appears to work well in Costa Rica.

However, it appears that the highly profitable telecommunication services may be cross-

subsidizing electricity consumers. As of the end of 1988, ICE's telecommunications operations

has contributed about C/ 5,500 million (80.65 Costa Rican Colones (C/ 80.65) = US $1.00)

to the investment plan of the ICE power sector. The ability of ICE to adjust telephone rates on

the basis of economic criteria is much greater than its ability to raise electricity prices. Thus,

through accounting transactions within a single company, ICE can raise telecommunication rates

to finance some of the partial needs for electric utility expansion and development, and the

required 25% investment required by the multinational lenders.

In addition to ICE, the key institutions in the energy sector are the Ministries of Energy, Mines

and Natural Resources (MEMRN), the National Planning and Economic Policy Commission

(CNPPE) and the Servicio Nacional de Electricidad (SNE). MEMRN is charged with the

coordination of national energy planning and energy policies. SNE was created by law i_: 1941,

and is an autonomous agency with broad regulatory jurisdiction, including the granting of

concessions for the installation of generating plants and the authorizing of rate increases

requested by the public service utilities. However, rate increases are authorized only after

consultation with the Adminislration and Congress, wl_o take political considerations into

act'ount. The prices charged to consumers for electricity have always been quite below economic
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cost, the subsidy ranging from 4% to 66% (depending on the economic sector), thus reflecting

political rather than economic reality or reasons. Average electrical rates are US$ .055 per

kWh.

In 1988, Costa Rica had 866 MW of installed generating capacity, 84% of this capacity being

hydroelectric and the remaining 14% fuel-oil thermal. Geothermal power is expected to supply

approximately 5% of the nation's capacity by 1993. Electrical service in Costa Rica reaches

about 82% of the households in the county, the highest in Central America (as compared with

37% in Guatemala and 36% in El Salvador). Electricity consumption per capita is about 1,160

kWh (as compared to about 186 kWh in Guatemala and 246 kWh in Honduras).

Since 1986 ICE has importe4d electricity from Honduras, via Nicaragua (in 1988, imports were

6% of total consumption); beginning in 1992 no electric power imports are foreseen, because

neither Honduras nor its neighboring countries are expected to have energy surpluses. The only

electricity exchange through the proposed Central American electrical-grid interconnection

would be to cover national emergencies.

ICE has been one of the few electric power utilities in Latin America that has managed to finance

its portion (25% internal investment required by multinational lenders) of the power system

expansion investments without inter-governmental transfers (since ICE controls the highly

profitable telecommunication system). This has been accomplished in spite of serious financial

limitations, and currency devaluations that have affected the security of foreign loans.

This does not mean that ICE is not one of Costa Rica's largest contributors to their large external

debt problems. As of 1989, ICE's commercial bank debt amounted to US $40 million plus US

$12 million of pending interest payments. ICE's long-term external debt amounts to US $570

to US $673 million according to various estimates. Of this total, about US $190 of commercial

debt needs to be renegotiated.

B. TECHNICAL FINDINGS

Miravalles (.see Appendix E):

Geothermal exploration began in 1975 at Miravalles; development to date has been slow. The

field is located in easily accessible terrain on the lower flanks of the Miravalles volcano. Eight

production-diameter holes have Been drilled from individual pa,Js !o deplhs oi 272 lo 2,268

meters. Six of the eight wells ate producible, to a present capacity oi aboul 30 MW. The

remaining 2 wells may be usable as injection wells. Field temperatures reach as high as
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245°C. Field temperature appears to increase to the north end of the field.

ICE's plans are to construct a 55 MW single-flash power plant at Miravelles, for operation by late

1992 or early 1993. Five or 6 new production wells will be needed in addition to the existing 6

producers. Well testing to date has indicated the field reserves are in excess of 110 MW.

Therefore, ICE is planning a second 55 MW plant at Miravalles, for operation by about 1995, at

which time additional electric power will be needed in Costa Rica.

To supply the 2 Miravalles power plants (Miravalles 1and II), ICE will let a contract in 1989 for the

drilling of 20 to 30 deep production holes. To minimize the pressure drops expected when the

steam is moved in the pipelines across the field area, the drilling of direction wells from multi-well

pads should be recommended to ICE. Drilling will begin in 1990.

A significant scaling problem (CaCO._)is recognized at Miravalles, and extensive scale-control

and scale-removal experiments have been run, are underway or being planned. Based on tests

to-date, the injection of scale inhibitors appear promising. Corrosion has been identified in one

deep weil, and corrosion-mitigation tests are also being performed. Results were unavailable.

If reserves prove adequate, ICE will consider adding additional geothermal units at Miravalles in

the middle 1990s. The size and type oi these units is not decided.

The feasibility study for the Miravalles I field development was financed by the IDB, and awarded

to an Italian firm under competitive bidding in 1981. A Japanese consortium has signed an

agreement to finance and construct the initial 55 MW plant; however, the agreement allows ICE to

accept a better financing/construction package if one is offered within some unspecified period.

IDB plans to finance the second 55 MW plant, as welt as the 20 to 30 well drilling program. A

feasibility study is to be offered for competitive international bidding in 1990; this will involve

management of well-testing operations and design of the power plant once reserves are

confirmed. ICE will request bids for the Dower plant after feasibility has been demonstrated.

In addition to Miravalles, the Volcan de Tenorio geothermal area is being studied in detail:

geology, geochemistry, and geophysics have been completed. Four shallow holes have been

drilled: 2 more are being drilled and 3 others are planned using ICE core rigs. Anomalies

indicate temperatures >220°C. System depths and permeability are unknown. Ali of this work is

being performed by an Italian firm financed, in part, with an Italian grant. No results are
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yet available but ICE remains encouraged.

ICE's classification of geothermal resource prospects, other than Miravalles and Volcan de

Tenorio, is as follows:

Priority - Area

High - Rincon de la Vieja

Medium-high - ArenaI-Poco Sol

Medium - Orosi-Cacao

Medium-low - Cerro Pelado, Poas, Barba, and Irazu-Turrialba

i1! The other major potential geothermal areas are:

• Borinquen -located north of Rincon de la Vieia. Geochemistry has been completed and the

first slim hole drilled to about 150 meters. This hole had a temperature of >100°C.

Geochemistry indicates temperatures of >200°C. At the present no work is being done in

this area.

• Las Pallas and Las Hornillas - These two sites are within Rincon de la Vieja National Park.

The geochemistry indicates temperatures of >200°C; no work is underway.

• For the other sties, there is insufficient data; access is difficult; the sties are located within

national parks; and/or temperatures are indicated at <150°C.

Many of the other potential geothermal resource sites are located within national parks or

wildlife refuges. At present il is very unlikely that the government, because of public opinion,

will allow geothermal development in national parks and wildlife refuges.

C. THE POTENTIAL FORPRIVATEPOWERGENERATION

In order to reduce IbE's dependence on external financing for power generation facilities,the

Government issued Executive Decree on Private Power production (No. 18947-MIREHEM) on

May 2, 1989. The Decree states that the purchase of electricity by the Costa Rican Electricity

Institute (ICE) from those who establish new or rehabilitate established installations is ..... in

the public interest, provided that such installations do not currently form a part of the

interconnected national system. SNE has been designated to establish the purchase prices for
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privately generated power.

ICE is interested in private sector investment in geothermal power-generation bLlt Miravalles I

and II are not open to the BOOT concept. Soft financing for these two projects is expected to be

provided by Japan and/or Italy. ICE might be inlerested in having the participation of US

geothermal industry in Miravalles III or IV, or other geothermal sites, assuming that suitable

financial, and technical terms and conditions are provided. Perhaps 15% of ali power

generation in Costa Rica ultimately could be produced privately.

An amendment to the national utility law currently is under consideration by the Costa Rican

Congr_,ss. At question is whether to allow each private electricity concession to produce up to

20 or 30 MW per development. This law aims lo encourage small, private operators to restart

operating their private power plants, which had stopped producing when they were connected to

the national power grid which provided cheaper electricity because of the ICE subsidies. There

are perhaps 50 small private power plants throughout the country.

The following items must be determined by th_ government:

• ICE should establish the nominal purchase prices and the number of years that they would

purchase private generated electricity from any or ali private producers.

• The 1989 electric power prices range according to time of day, amount of power used,

capacity, and location. How the private producer will be paid must be determined and a fixed

rate established.

• The ICE-SNE power purchase agreement would require an SNE concession and an ICE-

private supplier supply purchase contract which is equitable to both the government and the

private investor.

At this time private plant capacity is limited by law. to 500 hp. (1/3 MW) per unit. The

amendment now pending before the Congress would increase the limit to 20 MW for most

hydroelectric plants, and up to 30 MW for electrical generating plants using other indigenous

energy sources, including certain hydro plants. Although the existing Law for Private Power

• Generation and the pending implemenling ICE guidelines, plus the present SNE regulations

address the power-purchase concept in a manner generally applicable to geothermal electricity,

the Costa Rican laws are not specific regarding the treatment of geothermal power. This issue

must be addressed before geothermal development can proceed on a commercial basis.

As part of lhe overall development strategy for Costa Rica, the Government has determined to

develop its indigenous energy resources, including geothermal power. The first geothermal unit
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is expected to be installed at Miravalles (55 MW) in 1992 or 1993. A Miravalles II (55 MW)

geothermal plant is projected for 1995. For the period 1995 to 1999 two more geothermal

units (up to 110 MW) could be installed, lt is very unlikely, for financial, technical,

administrative and regulatory reasons, that the proposed investments which are substantially

higher than in the past, can be achieved from traditional funding sources. In order to achieve

the increase in electrical production proposed by ICE, increased private-sector investments in

electrical generation seem requisite.

D. FOREIGN COMPETITION

The Minister of _nergy, stated to the Trade Mission that US geothermal industry is not among

the best in the world. He also pointed out that when Costa Rica issued an RFP for Miravalles I,

Japan responded with a technological and economic bid, as did Italy. The United States industry

did not respond principally because no financing was available to support such a bid.. The point

is a variation of the theme heard in Guatemala, El Salvador and Honduras: Unless American

technology is coupled with financial packages that will compete with other counlries and with

Central America's ability to pay, the US geothermal industry cannot be and will not be a viable

competitor in Costa Rica and Central America.

Japan's bilateral loan agreement offers a 4.74%, 25-year loan with a 7 to 8 year grace period

(note, however, that the Japanese loan was also reported to be a 4.5%, 25-year loan with a 4 lo

5 year grace period). The Italians have also offered a mixed government/commercial loan

package. The Italian government portion would be a 1% to 2%, 25 year loan, plus a grace

period of unknown duration. The mix of the public/private funding has not been released,

pending a formal bid on the Miravalles I power plant. Because the broad terms of the Japanese

and Italian offers are known publicly, the two countries are expected to adjust either the prices

of their goods and services, or the loan conditions in their respective packages to attempt to

secure the award.

E. UNCERTAINTIESOF GEOTHERMALDEVELOPMENT

The fate of the legislative amendment to allow private construction of 20 MW or 30 MW

maximum production power plants is uncertain. There is also a question of the willingness of

ICE to allow private financing of geolhermal power plant(s) in the Miravalles field area versus

elsewhere. A major question which can only be answered later is; can or will private

concessions be granted by the various government agencies even if an enabling law is passed by

the Costa Rican Congress. The price and condilions under which ICE will buy electricity from
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the pr!vate sector will greatly influence private sector investment.

Because Costa Rica has the highest per capita external debt in Central America, there is a

question of the willingness of the Costa Rican Congress to approve the IDB loan for a second 55

MW plant at Miravalles. In addition, environmental protection has a high priority in Costa Rica

and may curtail or delay geothermal development in certain areas.

F. PREREQUISITESFOR PRIVATEINVESTMENT

1. ICE must provide the results of continued well testing and scale-control experiments al

Miravalles.

2. ICE must provide the results of exploration/drilling at ali geothermal prospecls other than

Miravalles.

3. A rapid, continuous flow of information on ICE calls for bids (drilling, wellhead units,

feasibility study, etc.) must be provided, p_rhaps by the US Embassy, AID, the Department

of Commerce or a private representative.

4. Embassy support (seminars, private meetings, etc.) for US geothermal bidders and vendors

relative to Costa Rican government entities and their plans is essential.

5. Legal and technical representation in Costa Rica for the NGA and individual firms is

necessary.

6. Rapid and accurate news on Costa Rican legislative actions on the pending IDB loans,

bilateral country loans and agreements, private .power plants, environmental actions, and

any other matters related to geothermal opportunities can be provided by the US Embassy,

AID and/or private representatives.

7. Continued discussions with ICE are vital regarding their plans for the purchase of

electricity from private generating plants.
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G. OBSERVATIONS,IMPRESSIONSAND ASSESSMENTS

1. Costa Rica will eventually allow the private construction and ownership of geothermal

plants up to 20 to 30 MW per concession. ICE will buy power on a less-than-avoided-cost,

interruptible basis. ICE probably will resist any private altempt to develop any parts of

Miravalles.

2. IDB will remain a major financier of geothermal projects, and will shape some of ICE's

financing attitudes, lt is therefore important to maintain good communications with the IDB,

especially with Gustavo Calderon.

3. ICE is a very professional organization, wilh good geothermal technology and experience, and

will increasingly take on more and more of the geothermal development project work itself.

4. ICE (and ali government agencies) are very legalistic in approach. This requires great

attention to details (proposals, contracts, etc.) and caution in negotiations.

5. ICE and the Costa Ricans have a friendly regard for the US and American geothermal

technology. This should be enhanced through: technical traineeships in the US, attendance at

• GRC meetings and courses, supply of computer software and published documents, and

repeated technical and trade missions to Costa Rica.

6. Dissatisfaction was expressed by ICE with some of the technical work at Miravalles I. This

could work in favor of a US proposal relative to any bid on the feasibility study for

Miravalles II.

7. An informal belief exists that a Mexican driller roay win the big drilling contract (20 to 30

wells). US firms might consider using lower-wage workers in order to win this major

contract.

8. Environmental factors can both hinder and assisl US efforts to penetrate the Costa Rican

market. Geothermal developmenl may be delayed or made more costly, but the US

geothermal industry experience in geothermal environmental controls should give US firms

an advantage in bidding and work performance.
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H. CONCLUSIONSAND RECOMMENDATIONS

ICE has made a major commitment to geothermal energy development, despite financial

difficulties, environmental uncertaintins, and scaling in Miravalles wells. Although Costa Rica

is the most advanced of the 4 Central American countries with respect to establishing a

mechanism for private power production, its national goals for the private generation of =

electricity do not yet (explicitly) include geothermal development. The Miravalles geothermal

field is a "world-class" field probably capable of up to 200 MW. The IDB funding will assure at

least 100 MW is on-line within the near time frame. This, plus the privately owned 80 MW

would relieve the near-term energy pressure on ICE, and create an environment for near-term

geothermal development. Opportunities exist in the near-term for lease purchase agreements

for wellhead generators, and in the long term for privately financed BOOT development of the

Miravalles field outside of lhe presenl Miravalles I and II sites, or elsewhere. Two other

geothermal prospects adjacenl to Miravalles offer downstream development potential, although

an Italian company operating under an Italian grant has already begun geothermal prefeasibility

studies at Volcan de Tenorio.

lt is not premature to establish the groundwork for a downstream project for the early to mid°

1990s, assuming that the US resources and the government mechanisms are in place. A soft

sale approach seems mandatory in this country. ICE is slow to decide on new approaches or new

ideas and reacts cautiously to pressure. II is the policy of IDB and the Costa Rican government,

after much deliberation, to accepl the lowest bid submitted if the bid meets ali of the criteria of

a "properly" submitted bid. Attention to legalistic details, therefore, becomes very important.

In order to compete in the Costa Rican market, the NGA must get US government support for soft

financing and for insurance from the Overseas Protection Insurance Corporation (OPIC). The

initial marketing approach should be to offer to sell small flash and binary well-head plants,

and thereby assist in the evaluation of the feasibility of the reservoir at Miravalles, and at

other sites. This will also allow ICE to invesl in generating facilities according to the Costa

Rican growth demand. ICE would operate the facilities: Costa Rica does not have the internal

legal tradition nor the economic capability to allow the private sector to use excess steam at the

geothermal sites for other industrial uses, or to permit private industrial users of electricity

to by-pass ICE.

The Costa Rican laws may be a major obstacle to our BOOT concept. However, the NGA concept of

presenting a proposal for Miravalles I probably is too late, but for individual or private

companies, the opportunities are still open to propose to supply smaller well-head units. An
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individual company should secure the services of an agent or law firm to ensure that the

proposals are properly documented and presented according to Costa Rican bidding procedures.

The future of Miravalles II, III and IV will be determined by the success of Miravalles I, the

results of the drilling at Miravalles in 1991-1992, the demand /or electrical power, and the

possibility of trade with other Central American countries.

I. MARKETING OPPORTUNllIES FOR US PRIVATE INDUSTRY

1. ICE issued an RFP for the drilling contract for 20 to 30 wells for both Miravalles I and II in

August, 1989. Responses are due in October, 1989. IDB is financing the project, with

competitive international bidding.

2. ICE might consider additional proposals to finance and construct the first 55 MW power

plant at Miravalles, despite the existing Japanese agreement, because of yen exchange-rate

problems. The proposal must be presented as soon as possible, and must provide project

financing.

3. The feasibility contract for the second 55 MW Miravalles plant is expected to be offered for

bid in mid-1990. If the Costa Rican Congress accepts the loan being offered, financing will

come from the IDB.

4. ICE is considering the installation of three 5 MW well head noncondensing unit at

Miravalles. No financing is presently available; ICE expects to call for bids in late 1989 or

early 1990.
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APPENDIX B. SUMMARY COMMENTS BY GARY SHULMAN, GEOTHERMAL POWER CO.

The alarm bells are ringing in Central America. Ringing for National Treasuries and National

Utilities that are going broke. Ringing for power shortages and black-outs that are becoming

routine. Ringing for political changes away from US influence, trade and cooperation. Ringing

for lack of US export of expertise, goods and services in the electric energy sector, and its

supply instead by European and Japanese firms, powerfully aided by their governments.

Ringing for growing US Trade Deficits!

Before these alarm signals continue to a major loss of US influence and give and take marketing,

there is still time for the While House to formulate, in a shorl time span, an aggressive policy

to provide US expertise, goods and services to rescue the electric energy sector of Central

America. This can be done by supplying the proposed Geothermal Consortia, formed by members

of the National Geothermal Association, with the tools to develop the enormous Central American

supply of indigenous geothermal energy so plentiful in this volcanic region. In a relatively

short time frame, the generation of electric power can be doubled and delivered at a moderate

cost to consumers with a major development of the geothermal energy potential that exists in

Central America.

This lower cost power availability can greatly lessen the growing need to increase cost of power

to the people to satisfy international banking debts for higher cost energy construction ,","d fuel,

thus provoking an overall background fo_ political instability. The ready supply of this new

geothermal technology will prevent an estimated 25% of agricultural pr(;;)du0tsnow rotting

because of the lack of proper preparation and storage facilities, which now are seriously shorl

of electric power supply.

Of ali measures to upgrade the standard of living for most people of Central America, the supply

of low-cost electric-power from their prolific geothermal resources will have the greatest

impact to provide a flourishing economy from "world class" agricultural growing conditions and

growth in the commercial and business sector resulting in increased import-export trade. This

is ali possible with US governmental assistance to US industry by making possible competitive

low interest loans in the area of 7% and providing guarantees for debt payment. There is

federal help available, I understand, through the Geothermal Loan Guaranlee Program which is

i administered by the US Department of Energy. This program was administratively shul down

, several years ago after achieving notable success in promoting the development of domestic

, geothermal energy, lt is now time to re-activate lhat program and authorize its availability for
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Central American development.

To i' 'plement this geothermal program it is necessary for bi-lateral trade agreemenls be signed

for each geographi,'nl zone between our presenl Administration, and State Heads in each oi tl_e

Central American countries. Agreements reached at any lower level are not apl Io be binding

because of political interference, such as Ihave experienced in dealings in Guatemala.

In contrast to this recommended US policy, the most striking conclusion thai I have drawn from

the Central America Trade Mission, is the extent to which foreign geothermal suppliers are

vigorously supported by their respective governments in Third World marketing, while the US

industry is largely left to fend for itself. The inevitable results of this disparity of support is

not only the near exclusion of US geothermal exports to Central America, but lhe serious

lessening of US influence in these neighboring countries to European and Japanese powers

An innovative plan for modular development of geothermal power generation facililies of 25 MW

in increments of $50,000,000 is presented in the following tables. These advance largets of

25 MW are easily attainable wilhin two or three year periods, with careful coordination of

exploration, well drilling, plant installation and operation on a fast track, and prudently

planned schedule.

The result of a positive and rapid response by the Administration (State, Commerce, Energy,

Treasury and AID) to this Central American Geothermal study and recommendations can result

in an export of $1 billion in US goods and services, and the installation of 500 MW of badly

needed electric power generation within the nexl five years, for the stabilization and upgrading

of Central American economies and productivity resulting in increased trade and a warmer

relationship with the US
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A PLAN FOR US FUNDED $50,000,000 PROJECTS TO EXPEDITE CENTRAL AMERICAN

GEOTHERMALPOWERDEVELOPMENTATTHE LOWESTCOSTAND THESHORTESTTIME FRAME

USINGTHE "BOOT" CONCEPTWITH A 5 YEAR DURATION

Eslimated Financial Requirements for 25 MW Geothermal Power Plant Proposal

25,000 KW X $2,000 Per KW = $50,000,000

1. Exploration - Geological, Geophysical and Geochemical $ 500,000

2. Marshalling Drill Rig and Associated Equipment 1,500,000

3. Drilling 4 Wells in 12 Months 4,000,000

4. Operating Lease of 6 MW Monoblok (4) Years 4,000,000

5. Turnkey Installation of 11 MW Flash Steam Plant to Include Foundations,

Gathering System and Substation 8 500 00 0

6. Drilling of 6 Wells 6,000 000

7. Turnkey Installation of Second 11 MW Flash Steam Plant 8 500 000

8. Turnkey Installation of 5 MW Binary Plant 5 000 000

9. Reservoir Evaluation 1 000,000

10.Planning, Engineering and Administration 2 500 000

11 .Legal and Financial Arrangemenl Cosls 2 000 000 43,000,000

Wilh 15% Contingency Cost 6 525 000 50,025,000

With 20% Contingency Cost 8 700 000 52,000,000
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PROJECTEDINCOMETO THE CONSORTIUMFROMTHE SALE OFPOWER TO THE UTILITYAT

$.05/kWH DURING THE "BOOT" COMPLETION IN 5 YEARS.

1. Noncondensing 6 MW Monoblok Operating at 5 MW lor 4 Years 5000 KW X 8,000 Hours X 4

Years = 160,000,000 KWH 160,000,000 KWH X $.05 = 8,000,000 $8,000,000

2. Condensing 11 MW Plant Operating wilh Net Output Io lhe Utilily of 10,500 KW for 3 Years

10,500 KW X 8,000 Hours X 3 Years = 252,000,000 KWH, 252,000,000 KWH X

$.05/KWH - $12,600,000 12,600,000

3. Second Condensing 11 MW Plant Operating with Net Output to the Utility of 10,500 for 2

Years - 168,000,000 KWH, 168,000,000 KWH X $.05/KWH = $8,400,000

8,400,OOO

4. Binary Plant Operating wilh Net Oulput to the Ulilily of 5,000 KW for 2 years 5,000 KW X

8,000 Hours X 2 Years -- 80,000,000 KWl-I, 80,000,000 KWH X $.05/KWH =

$4,000,000 4,000,000

5. Total Earnings During a 5 Year "BOOT" Period $33,000,000

6. Estimated Financing Cost Over a 5 Year "BOOT" Period 1 0,000,000

7. Estimated Operation a,qd Maintenance Cosl for Period 4,000,000

8. Gross Income to the Consortium from Plant Operations 19,000,000

9. Assuming $.075/KWH Average Cost of Power to the Utility During the 5 Year "BOOT"

Period, Then $.075 Less $.05/KWH Charge by the Consortium = $.025/KWH Savings

$.025/KWH X 660,000,000 KWH = $16,500,000 Savings for the Utility

$ 16,500,000

-

Submitted By: Gary Shulman, Central America Geothermal Trade Mission Member, Presidenl,

Geothermal Power Co. Inc., Elmira, New York
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