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ENERGY FROM SUGARCANE COGENERATION
IN EL SALVADOR

SUMMARY

In 1992-1993, El Salvador produced 346,503 tons of sugar from sugarcanein ten
factories, ranging in capacity from 50 to 240 tons of cane per hour. Four of thefactoriesare
privately owned, and therest are owned and operated within the public sector. Privatization
of the public millsisunder active consideration by the government.

Using bagasseasafuel in high-pressure boilers, the Salvadoran sugar industry
should bein aposition to export economically 55 megawatts of power for the nation during
the four month cane crushing season from December to March, and over 75 megawatts
during theremainder of theyear if the generators continueto operate with supplemental fuel.
Theseamountsrepresent, respectively, 6.7 percent and 9.2 percent of thecountry'sinstalled
generating capacity. Inaddition, the millslocated to the north of San Salvador may be
advantageously situated to hel p limit power transmission and di stribution costsassociated
withserving nearby communities.

Theobjectiveof thestudy istwofold: to establish from atechnical perspectivehow
much power each of the mills could export and at what cost, and to estimate what the power
would beworthto the national electric systeminthe context of CEL'sexpansion plans, given
the specifictiming and location of possiblepower production at themills. Toaccomplish
this, "avoided cost" criteria, based on CEL planning data, have been applied in an economic
analysisof mill cogeneration optionstoyield projectionsof the power production potential
andto screen candidateinstallationsfor further development. Specificfindingsappear
below:

1. If the millswereto generate power throughout the year, using Bunker C asa
supplemental fuel, theindustry could profitably export 565,000 megawatt hours per
year at apriceat or below US$0.058 per kWh, as shown in Chapter 4 (Figure 4.1).
Thisrepresents 23% of the nation's power productionin 1992. Achievingthislevel
would entail installation of high-pressure (900 Ib. per squareinch) boilersand
extractionturbines.

2. Theindustry also could produce power for sale economically using alower steam
pressure (600 Ib. per squareinch), but inlower volumesand at higher cost. Under
these conditionsthe potential would be 473,000 megawatt hours, or 19% of 1992
national production, at or below acost of US$0.062 per kWh. The advantage of the
lessefficient technol ogy woul d belessened need to train mill workersand
supervisorsintheoperation of water treatment systemsand automated control s
requiredfor higher pressures.

3. The cost of cogenerating power could be reduced in anumber of circumstances.
Central 1zalco, for example, isinstalling anew boiler in conjunction with aplanned
expansion, and specifying ahigher pressurerating to permit cogeneration will add
only marginally to the cost. Purchasing used equipment may also reduceinitial
capital requirements, but possibly at an added cost interms of maintenance,



efficiency and useful life. Finally, old equipment that isreplaced whileitisstill
useful may still have asignficant salvagevalue. Purchasing available equipment
that isnot matched to the remainder of the system alsowill result in sub-optimal
performance.

Thepower output level sestimated in thisreport assumethat the mills' internal steam
requirementsremain the same asthey are currently. With amarket for surplus
electricity, mill ownershave anincentiveto conserve steam and thereby toincrease
power salesbeyond thelevel spresented here. Thevolume of power exported could
theoretically beincreased in thisway by afactor of two or three.

Thevalue of cogenerated power to the national grid, based on CEL 'sestimated five-
year average avoided generation costs, isnow between approximately US$0.0685
and US$0.0745 per kWh. Thevalueisdependent on time of year because of
seasonal fluctuationsinrainfall influencing CEL 'sability to produce hydropower,
and it varies by time of day aswell because of cyclesin demand.

In the case of the La Cabaria and San Francisco mills, cogenerated power may be
worth morethan the avoi ded generation cost, because CAESS, thelocal distribution
company, would probably be ableto scale back or postpone needed transmission and
distribution system improvementsal ong anearby power line extending to the north
from San Salvador. If the utility could obtain 6 MW from these mills, it would be
ableto restore minimum voltages (now around 90 V) to more acceptablelevelsand
toreducelinelosses by approximately 500 kW, without adding substation or
conductor capacity beyond 8 kilometersof new lineto connect themills.

With the exceptions of Ahuachapan, Chanmico, LaMagdalenaand El Carmen, al of
themillsappear to represent promising investment opportunities. Thedecisionsasto
whether to invest the needed resources at each sitewill depend onthestrategic
interest of each company indiversifying into the electric power market and onthe
outcome of power salescontract negotiationswith CEL .

Oneof the principal barriersto cogenerationinvestmentsin theeyesof several sugar
industry managersisthe absence of clear long-term pricing and contract termsfor
power salesto CEL. Tojustify aninvestment of of several millionsof dollarsat a
singleinstallation will require assurancethat the project revenueswill continuefar
enough into the futureto amortize the expenditure. Since CEL istheonly
prospective purchaser, theutility will need to providethat assurance. On another
level, the sugar mill managerswill need aclear indication of their rightsand
obligationsconcerninginterconnection, metering, personnel safety, protection of
electrical systemintegrity, supply reliability, and conflict resolution.

In-season cogenerationwill not resultinany incremental environmental degradation,
sinceno additional fuel will beburned, and environmental quality will benefit from
corresponding reduced combustion emissionsat CEL oil-fired powerplants. Useof
oil asasupplemental fuel for year round operation will

resultinlocal emissionsof acid gases, ash, and uncombusted organic materials, but
thesewill beat least partially offset by corresponding reductionsin thermal power



production by CEL.



1.0 INTRODUCTION

Thisstudy arisesout of the need for economical new suppliesof electric energy to
suppport future growth and devel opment in El Salvador. Thenational utility, the Comision
EjecutivaHidroel éctricadel Rio Lempa (CEL ), depends on amixture of hydropower and
thermal generation to supply itscustomers, but increasing demand will requires new sources
of power inthefutureto meet the requirementsfor economic growth and social well-being.

In other parts of theworld, notably theislands of Hawaii, Mauritius and Cuba, the
sugar industry contributes substantially to local electric supply. Inother locations, like El
Salvador, theindustry burnswaste bagasse to generate el ectricity and steam for itsown
needs but not for export to the surrounding community. With noincentiveintheform of an
opportunity to sell power, mill managersgenerally configuretheir installationsin such away
astoburnall of the bagasse produced, while providing energy only for self sufficiency.

Against thisbackground, CEL isevaluating alternative new generation optionsand
isstudying legidative proposalsto legalize purchases of power fromthe private sector. Ina
letter to the sugar industry in July, 1993, CEL indicated that it was disposed to acquire 80
megawatts of power, or 599,960 megawatt-hours of energy per year, beginning in January,
1995. Theletter anticipated an additional 40 megawatts of requirementsin 1998 and
suggested arange of between US$0.06 and US$0.07 asabasisfor price projections, and it
invited theindustry to participatein drafting private power enabling legislation and
regulatory frameworksto be proposed to the government.

Where the managers have the opportunity to sell power at aprice comparableto the
cost of conventional generation, investmentsin plant modificationsto produce surpluspower
can beattractive. Thisgenerally involvesreplacing existing low pressureboilers, rated
typically at around 20 atmospheres, with higher pressure ones capabl e of generating steamin
thevicinity of 60 atmospheres; installing extraction condensing turbinesto expand the steam
onitsway to the existing sugar milling processor condenser; and tightening up thedesign
and operation of the millsto minimize process steam requirements.

Sincesugar productionisseasonal, theprofitability of cogenerationinvestmentscan
often be enhanced by instituting year-round power production through the use of
supplemental fuels. While non-bagasse fuelsmust be purchased, their costislikely to be
morethan offset by added revenuesfrom power sales, and therequired additional capital
expenditurefor larger condensersand fuel storage and handling equipmentisminimal.
Whileoil and coal are moretypical supplemental fuels, other forms of biomasslike sawmill
waste or canefieldtrash are possibleaternativesaswell.

From anational perspective, private sugar mill cogeneration could represent anear-
term opportunity to acquire el ectric power at acost equal to or lessthan that of alternative
sources. Using an indigenouswaste resourceinstead of imported fossil fuel, at least for part
of theyear, will saveforeign exchange and reduce exposureto world oil pricefluctuations.
Cogeneration could also enhance the productivity of the Salvadoran sugar industry, by both
providing an additional revenuestream and intensifying theeconomicincentivefor
improved plant efficiency andreliability. Finally, theexperience of successful cogeneration
inthesugar millsmay facilitate similar projectsin other energy intensiveindustries.

Because of interest expressed by CEL 'smanagement, the US Agency for
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International Devel opment has sponsored thisassessment of the potential for sugar industry
contributionto the nationselectric supplies. The purposeisto estimate how much power the
sugar industry could produce at what cost and to suggest the value of the power to the
national grid, given thelocation and timing of itsavailability.

The pagesthat follow report the results of analyses performed after avisit to El
Salvador in December of 1993. At that timethe project team visited with CEL staff and
consultants, sugar industry association representatives, and managersor superintendentsat
each of the country'sten mills. Thebody of thereport isorganizedin three chapters.
Chapter 2 providestechnical and historical background on the present design and operation
of eachindividual mill, and it presentsalternative cogeneration system configurationsand
associated costsfor operation at two different steam pressures. Chapter 3 discussesat length
thevalue, inthe context of CEL'santicipated costs, of the power that the sugar industry
might make availableto the national grid. Finally, Chapter 4 integratesthe material inthe
preceding chaptersinanoverall analysisof economic costsand benefits.
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20 THE SUGAR INDUSTRY IN
EL SALVADOR

2.1 BACKGROUND

In 1992-1993, El Salvador produced 346,503 tons of sugar from sugarcane
processed in ten factories, which range in capacity from 50 to 240 tons of cane per hour.
Last year's production was comparableto that of the year before, which for thefirst time
sincethe decade of armed conflict exceeded the earlier record of 318,000 tonssetin 1977.*

Four of thefactoriesare privately owned, and the rest are owned and operated by
INAZUCAR and CORSAIN, two public entities. Privatization of the public sector millsis
currently under consideration by the national government. Thefollowing table summarizes
the production characteristicsof theten factories, and Figure 2.1 indicatestheir geographic
locations.

TABLE 2.1: PRODUCTION CHARACTERISTICS OF SUGAR FACTORIES

Annual sugar
Central I1zalco Private 78,177
El Angel Private 53,119
Ingenio Jiboa CORSAIN 57,804
LaCabafia INAZUCAR 44,560
San Francisco Private 35,298
Chaparrastique INAZUCAR 25,768
El Carmen INAZUCAR 15,466
LaMagdaena INAZUCAR 15,032
Chanmico INAZUCAR 14,610
Ahuachapan Private 6,669
Total 346,503

Thesugar factoriesgenerate all or most of their steam and el ectricity requirements
by burning bagasse in furnacesto generate steam at pressuresthat range from 200 to 300
psi. Part of the steam isexpanded through turbogeneratorsin order to produce el ectricity.

Albert Viton, "El Salvador on the March," Sugar y Azucar, September, 1993, pp. 21-26.
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Therest of the steamisgenerally used in turbine drivesto provide mechanical power
directly, and exhaust steam from the turbinesis used for heating purposesin thefactories. In
someinstances, aportion of the steam for heating comesdirectly fromtheboilersviaa
pressurereductionvalve.

FIGURE 2.1 LOCATION OF EL SALVADOR SUGAR FACTORIES

(MAP)

A number of factoriesarefinding it necessary to purchase up to 25% of their
electrical power requirementsfrom CEL even during the harvest season. Others, such as
Central 1zal co, Jiboaand San Francisco, either do not require any purchased electricity or
havekept such purchasesat low level s, having successfully implemented measuresto reduce
their consumption of process steam and mechanical power. Jiboaisalsoreducingits
percentage of lost time, during which thefactory isnot producing any bagasseand is
consuming steam and electricity. At the beginning of the 1993-1994 crop, San Francisco
began exporting 500 kW of power to thelocal community during the season as part of an
experiment in conjunctionwith CEL and iscontemplating acogeneration projectin
conjunction with future plant expansion. Central 1zalco hasinstalled anew 600 psi boiler
and plansto export 5 MW of power to CEL during the crop season.

Anaobjectiveof thisstudy isto determinethe potential for cogeneration by theten
factoriesif theexisting boilerswere replaced with high pressureunitsin order to produce
moreelectricity for saleto the public utility company. Featuresthat make millsattractive
candidatesfor thiskind of investment includelarge scale, long grinding seasons, full use of
milling capacity with minimum downtime, and low process steam requirements.

2.2 CASE ANALYSIS OF COGENERATION
POTENTIAL

Sugar factoriesin El Salvador generally produce steam at between 200 and 300 psig
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by the combustion of bagasse. Part of the steam isused to run steam turbines, which drive
themillsthat crush theincoming cane. Therest of the steam passes through one or more
turbogeneratorsto produce enough electricity for use by thefactory. Exhaust steam fromthe
mill turbinesand the turbogenerator, at approximately 20 psig pressure, suppliesthe heat
requirements of the evaporators and vacuum pans. Thefigure below depictsatypical
existinginstallation.

Sincethevolume of steam required at the higher pressurefor the mill turbinesisnot
usually measured in practice, the proportion of the steam to be extracted at the lower
pressure was assumed to equal the volume currently exiting the back pressure
turbogenerator intheexisting system. In most casesthiswasderived from the generator's
power output and its specific steam consumption per kWh. Flowsestimatedinthisway are
inexact, especialy if confounded by significant present use of the expansion valveto by-pass
theturbogenerator. Another way to derivetheseflowswould beto postul ate ahorsepower
reguirement per ton of cane and aspecific steam consumption per horsepower-hour for the
mill drivesin order to calcul ate the higher pressure steam flow. Thistoo would beinexact
andwould not reflect thefactories individual steam consumption characteristics.
Appropriateinstrumentation would helptoimprovethereliability of any futureanalysis.

FIGURE 2.2: EXISTING CONFIGURATION

In the proposed systems, steam is produced at either 600 or 900 psig and piped
through adouble extraction turbine generator. Thefirst extraction, occuring at 200 psig,
provides steam to turnthe mill turbines. The second extraction, occurring at 15 psig,
together with exhaust steam from themill turbines, providesthe steam needed to run the
evaporatorsand vacuum pans. Thisconfiguration appearsin Figure 2.3.
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FIGURE 2.3: PROPOSED IN-SEASON CONFIGURATION

For more economical operation, the generator continuesrunning during the off-
season, and all of the steam condenses after passing through the high-pressureturbine, as
illustrated in Figure 2.4. Sincethe systemissized to consumeall of the available bagasse
during the grinding season, bunker oil, supplemented perhapsby other sourcesof waste
biomass, would be used as a secondary fuel when theremainder of themill isnotin
operation.

FIGURE 2.4: PROPOSED OFF-SEASON CONFIGURATION

For each of theten sugar factoriesin El Salvador, we have devel oped two casesfor
theevaluation of itspotential for cogeneration.
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CASE 1 Installation of a boiler producing steam at 900 psia and 850 degrees F,
together with a double extraction condensing turbogenerator.

CASE 2 Installation of a boiler producing steam at 600 psia and 750 degrees F,
together with a double extraction condensing turbogenerator.

For purposesof eval uating thesetwo cases, the Base Caseisconsidered to describe
the existing configuration, with in-season factory operationsand no power salesto CEL. Net
exportable power and energy are cal cul ated separately for in-season and for off-season
operations.

Thesizesof theboilersand turbogeneratorsused in devel oping the capital costsare
based on designing the boilersto burn all the bagassethat is produced each hour. Smaller
boilerswould require adding storage capacity for bagasse, whereaslarger unitswould
requirethein-season burning of supplementary fuels. Storing bagasse, alabor-intensiveand
energy-consuming operation, addsto its cost asafuel without any increasein energy
availability. Oversizing asugar factory boiler to burn oil in-season would not befinancially
beneficial to the sugar company asitsdual fuel boilers cannot be asefficient asCEL's
boilers, which are specifically designed to burnfuel oil.

In practice, most of themillsin El Salvador need little or no additional fuel now to
supplement bagassein the boilers, while at the sametime, they do not generally have surplus
bagasse at the end of the season. Thisallowsoneto derivethe steam needed for the mill
drivesand factory heat requirementsfrom the present volume of bagasse produced by the
mill and burned inthe existing boilers. Thevolume of steam that can be generated with the
samefuel at higher pressurewill be somewhat | ess, but the assumptionisthat areplacement
boiler will be more efficient, and that other simple economy measureswill enablethemill to
accommodatethereduction.

Experiencein Hawaii, Mauritiusand el sewhereindicatesthat when amarket exists
for exported power, steam savingsmeasures, likeimproved evaporatorsand electric mill
drives, becomefinancially attractive. When these measuresareimplemented, aportion of
the steam can passthrough the turbogenerator to acondenser, generating considerable
additional power for sale. Inthisstudy, however, we have assumed that no steam will be
availablefor condensing, sincethethearraysof economy measureswill require additional
investmentsto financethem and will vary among theindividual mills.

Evenif the sugar factory does not enjoy acomparative fuel cost advantagewhen
bagasseisnot available, burning oil during the off-season may be desirablefor moreefficient
capital utilization. Most of theinefficienciesassociated with burning oil in abagasse boiler
can beeliminated at the start of the off-season. For example, the grates may be covered with
bricksto reduce heat |osses, and the boiler controls can bereset for oil. During the off-
Season gross power generation remainsthe same as during the season, but net power salesto
CEL will be higher because no power isneeded for the sugar factory operation.

Appendix A containsdesign detailsfor all of theindividual factoriesand presents
power production and fuel consumption cal cul ationsfor both of thealternative cases
outlined above.

Capital costsfor boilersand turbogeneratorsare estimated using actual quotations
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from major international manufacturers, and adjusted for size at the variousfactories. For
Case 1, the boilers are high-pressure units, operating at 900 psig and 850 degreesF. For
Case 2, the boilers operate at 600 psig and 750 degreesF. Theturbogenerators are double
extraction unitsproviding steamfor theexisting factory requirements.

Thecost of piping, civil, electrical foundation works, buildings, water cooling,
pollution control, instrumentation, etc. are based on actual projectsimplemented el sewhere.
Utility interconnectionisincluded asan el ectrical cost, assumingtransformers, switchgear,
meters, etc. necessary to deliver power at up to 15 kV will be charged to the project. Utility
improvements (or reduced need for them) beyond themill substation are not included here
but arediscussed in Section 3.6 below.

Costsat individual locationswill vary based onthe availability of existing
infrastructure. For example, somelocationswith plentiful suppliesof cooling water may not
requireany investment inacoolingtower. Inother instances, the existing building or
foundationsmay beused. Furthermore, competition among contractors may further reduce
costs, especially for engineering and erection, asmay the participation of local labor,
depending onitsproductivity. Thetotal estimated capital costsinclude 20% for
miscellaneousitemsand for contingency.

The cost estimates used in thisstudy assumethat no useful cogeneration
infrastructure already exists. For actual construction, some of anew installation's cost may
bejustified by moreefficient or expanded sugar production, and old equipment that is
replaced may haveasavagevalue. Thisconsiderationwould arguefor building
cogeneration systemsgradually in concert with other plantimprovements.

The cost of aboiler capable of burning bagasse during the season and oil during the
off season isamost the same as one that burns bagasse only during the season. The
additional installation for burning oil consistsof an oil pump, piping and oil burnersat acost
that isrelatively small compared to that of thetotal project.

The price of Bunker C fuel pricesisassumed to be $14 per barrel for oil. Operating
and maintenance costs are assumed to be $21.73 per kW per year for fixed costson ayear-
round basis, and US$2.50 for variable costsfor every MWh that isexported. One economic
advantage of power cogenerationinasugar factory isthat the fixed costs of power
generation have aready been met in the existing sugar operations. However, management
and engineering personnel costswill increaseif year-round operationsare contempl ated.
Assuming that fixed costsare aready paid for during the season, the additional fixed cost for
year-round operation will be afraction of 205/365 (where 205 isthe number of off-season
days per year), i.e. 0.5616, timesthefixed costs of $21.73 per kW per year. Thusthe
additional fixed cost when burning oil during the off-season will be 0.5616 x US$21.73, i.€.
$12.20 per kW per year.

For off-season operations, an availability factor of 90% isassumed. Duringthe
season, each factory isassumed to operate at its current grinding time efficiency.

2.2.1 Central lzalco
Central 1zalco, aprivately owned sugar factory, isthelargest in El Salvador, with a
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designed capacity of 6,500 metric tons cane per day. During the 1992-1993 crop, the
factory processed an average of 5,274 tons of cane per day and produced atotal of 78,177
tonsof sugar, of which 61,200 tonswere either plantation white or refined.

The cane harvest season lasts about 160 daysayear. Thefactory isnearly self-
sufficient in electricity; of the 13,131 MWh consumed in the 1991-1992 season, only about
5 MWh were purchased from CEL. The consumption of bunker oil isalsolow (1,200
galonsin 1991-1992 and none in 1992-1993).

Table 2.2 showssome of therelevant production statistics.
TABLE 2.22 PRODUCTION STATISTICS -- CENTRAL IZALCO

1989-1990 1990-1991 1991-1992 | 1992-1993
Crop days 148 158 164 160
% Lost time 7.38 6.41 4.68 428
Tonscanelyear 728,956 842,987 870,171 838,565
Tons cane/hr 2231 238.7 2345 230.5
Tonssugar/year 61,389 70,189 84,114 78,177
Gallons bunker 0 0 1,200 0
Gallonsdiesd 0 0 0 0
Pol % cane 11.79 11.61 12.99 1251
Pol % bagasse 3.28 3.6 3.69 3.83
Fiber % cane 12.84 12.65 12.60 12.86
Fiber % bagasse 47.70 47.67 44.70 45,57
Moisture % bagasse 47.78 47.34 50.24 49.44
kWh generated 10,228,000 | 11,684,500 13,125,900 | 13,034,100
kWh purchased (season) 0 0 4,800 24,000
kWh purchased (off-season) 681,120 678,865 184,090 575,983
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Themilling tandem consists of ashredder and four millswith individual turbine
drives. Threeboilerssupply steam at 250 psig pressure to the factory and to two
Worthington turbines coupl ed to Electrical Machinery generatorsfor power generation. The
turbine-generatorsarerated at 2,500 and 3,500 kW respectively. The boilers, made by
Babcock and Wilcox, wereinstalled in 1964. Two have a capacity of 65,000 pounds per
hour of steam each, and the third can produce 95,000 pounds per hour of steam. Thefirst
two boilersare equi pped with economi zers, and thethird hasan air preheater.

Central |zalco presently produces an excess of bagassein spite of arefinery operation
annexed to theraw sugar factory, and a600 psi boiler isunder construction to generate an
estimated 5 MW of power for export to CEL. The company plansto expand sugar cane
processing to 12,000 tons cane per day in order to obtain enough bagassefor useasfuel in
thenew boiler.

Table 2.3 showsthepotential for export of cogenerated power based on burning the
bagassethat is currently being produced to generate steam in 600 psi or 900 psi boilers

TABLE 2.3: POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2
Pounds steam per hour 265,000 276,000
Gross generation capacity, MW 17 14
Net exportable power( season), MW 11 8
Net exportable power (off-season), MW 17 14
Net exportable MWh (season) 41,952 32,790
Net exportable MWh (off-season) 73,622 63,288
Net exportable MWh per year 115,574 96,078
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Table 2.4 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat Central 1zal co.

TABLE 2.4: CAPITAL COST OF INSTALLING NEW BOILERS
AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $5,185,000 $4,714,000
Turbogenerator $3,238,000 $2,944,000
Piping, civil, electrical, foundation $8,424,000 $7,658,000
Erection $1,791,000 $1,628,000
Engineering $932,000 $847,000
Miscellaneous $1,957,000 $1,779,000
Contingency $2,153,000 $1,957,000
TOTAL $23,680,000 | $21,527,000
$ million per gross MW 141 1.49

Table 2.5 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.

TABLE 25: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $2,197,308 $2,005,825
Variable operating and maintenance costs $104,881 $81,974
Variable operating and maintenance costs $184,054 $158,220
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $202,917 $174,436

2.2.2 El Angel

El Angel sugar factory isaalso privately owned and isthe second largest in El
Salvador with adesigned capacity of 4,800 metric tons cane per day. During the 1992-1993
crop thefactory processed 625,468 tons of cane. The hourly grinding rate adjusted for lost
timeisabout 210 tonsof cane. Thefactory produced 59,061 tonsin 1992-1993, of which
42,728 tonswere plantation white sugar and 16,333 tonswererefined.

The cane harvest season lasts about 120-130 daysayear. Thefactory isnearly self-

19



sufficient in electricity and fuel. Of the 5,720 MWh consumed in the 1991-1992 season,
only 110 MWh were purchased from CEL , and the plant consumed no bunker oil.

Table 2.6 shows somerelevant production statisticsfor the 1989-1990 crop through
the 1992-1993 crop.

TABLE 2.6: PRODUCTION STATISTICS -- EL ANGEL

1989-1990 1990-1991 1991-1992 1992-1993
Crop days 102 122 128 128
% Lost time 11.25 9.7 9.7 11.08
Tonscanelyear 431,383 533,689 593,986 625,468
Tons cane/hr 200 202 214 229
Tonssugar/year 34,908 55,049 53,119 59,061
Gallons bunker 1,100 0
Gallonsdiesd 0 0
Pol % cane 11.51 11.44 11.99 11.3
Pol % bagasse 3.03 3.97 2.98
Fiber % cane 15.13 15.09 134 144
Fiber % bagasse 46.66 4477 46.79
Moisture % bagasse
kWh generated 4,500,000 5,500,000 5,610,000
kWh purchased (season) 30,720 79,440 110,400
kWh purchased (off-season) 297,360 260,400 99,181

Themilling tandem consists of five millsdriven by threeturbinesrated at 400 HP,
900 HP and 900 HP respectively. Caneisprepared in ashredder driven by aDresser Rand
turbinerated at 800 HP. Theturbinestake in steam at 300 psi and exhaust at 18 psi.

Steam is supplied by two Dedini boilers operating at 300 psi and 280 degrees C.
The Dedini boilers have capacities of 60,000 kg/hr and 40,000 kg/hr respectively.
Electricity isgenerated by three Dresser Rand turbinesand Marathon generatorsrated at
1,500 kW each.

El Angel producesamix of plantation white sugar and refined sugar. Althoughit
doesnot require supplemental fuelsintheform of diesel or bunker C, EI Angel purchased
over 110,000 kWh from CEL in1991-1992. Onereason given for thiselectricity purchase
wasmechanical problemswith aturbogenerator.
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Table 2.7 showsthe potential for export of cogenerated power based on burning the
bagassethat is currently being produced to generate steam in 900 psi or 600 psi boilers

TABLE 2.7 POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2
Pounds steam per hour 245,000 254,000
Gross generation capacity, MW 14 12
Net exportable power( season), MW 10 8
Net exportable power (off-season), MW 14 12
Net exportable MWh (season) 29,871 23,410
Net exportable MWh (off-season) 74,956 63,780
Net exportable MWh per year 104,834 87,190

Table 2.8 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat El Angel.

TABLE 2.8: CAPITAL COST OF INSTALLING BOILERS
AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $5,023,000 $4,566,000
Turbogenerator $2,972,000 $2,702,000
Piping, civil, electrical, foundation $7,995,000 $7,268,000
Erection $1,735,000 $1,577,000
Engineering $886,000 $806,000
Miscellaneous $1,861,000 $1,692,000
Contingency $2,047,000 $1,861,000
TOTAL $22,519,000 $20,472,000
$ million per gross MW 1.56 1.66
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Table 2.9 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker Cfuel isburned during the off-season.

TABLE 2.9: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $2,237,138 | $2,021,408
Variable operating and maintenance $74,693 $58,524
V ariable operating and maintenance $187,390 $159,449
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $206,595 $175,791

2.2.3 Ingenio Jiboa

The Jiboafactory ispublicly owned, and isthethird largest in El Salvador. It hasa
designed capacity of 4,800 metric tons of cane per day and in 1992-1993 processed 713,586
tonsof cane.

The harvest season lasts about 180 days. 1n 1992-1993, 4,800 tons of cane were
processed per day of crop on average. After adjustmentsfor lost time, themillsgrind on
average 211 tons of cane per hour.

The Jiboafactory producesamix of raw sugar, white sugar and refined sugar. In
1992-1993 total production amounted to 57,804 tons, of which 24,799 tonswere raw sugar,
32,442 tonswhite sugar and 563 tons refined sugar.

Jiboafactory'smilling tandem consists of four millsdriven by individual Peter
Brotherhood turbinesrated at 400 HP each. Caneisprepared by two setsof caneknives,
and afiberizer.
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Table 2.10 showssomerel evant production statisticsfor Jiboa.
TABLE 2.10: PRODUCTION STATISTICS -- JIBOA

1989-1990 | 1990-1991 | 1991-1992 | 1992-1993
Crop days 111 153 184 173
% Lost time 10.0 137 16.3 18.6
Tons canelyear 403,931 591,702 777,814 713,586
Tons cane/hr 171 188 212 211
Tonssugar/year 15,485 25,268 32,558 57,804
Gallons bunker 10,880 54,5720 104,220 102,549
Gallons diesel 1,014 1,438 1,147 1,802
Pol % cane 12.11 12.06 11.87 11.54
Pol % bagasse 3.55 3.56 3.86 4.19
Fiber % cane 13.47 13.12 13.59 1341
Fiber % bagasse 43.29 44.46 43.50 43.79
Moisture % bagasse 51.66 50.43 50.92 50.03
kWh generated 5,739,100 7,961,000 | 10,410,000 9,779,000
kWh purchased (season) 188,400 0 0
kWh purchased (off-season) 650,000 415,800 656,000

Electricity isgenerated by meansof two Peter Brotherhood turbogeneratorsinstalled
in 1975 and rated at 1,750 KV A each. Theturbinestakein steam at 300 psi and exhaust at
18 psi.

Steam is supplied by two Clarke Chapman boilerswhich werefirst installed in 1976.
Each boiler has a capacity of 100,000 pounds per hour of steam at 300 psi pressure and a
temperature of 350 degreesC. Theboilersare equipped with air preheaters but do not have
€conomizers.

The steam supply isabottleneck which limitsthe capacity of theentirefactory toits
present rate of 4,800 tons cane per day. Thefactory could potentially process up to 6,500
tons cane per day with adequate boiler capacity.

Thefactory hastwo batteries of quadruple effect evaporatorswhich can operate asa
guintupleeffect evaporator.

Table2.11 showsthe potential for export of cogenerated power based on burning the
bagassethat is currently being produced to generate steam in 900 psi or 600 psi boilers.
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TABLE 2.11: POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2
Pounds steam per hour 214,000 222,00
Gross generation capacity, MW 12 10
Net exportable power( season), MW 84 6.6
Net exportable power (off-season), MW 11.9 10.0
Net exportable MWh (season) 36,424 28,301
Net exportable MWh (off-season) 47,678 40,162
Net exportable MWh per year 84,102 68,465

Table 2.12 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat I njiboa.

TABLE 2.12: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $4,600,000 $4,182,000
Turbogenerator $2,689,000 | $2,444,000
Piping, civil, electrical, foundation $7,288,000 | $6,626,000
Erection $1,589,000 | $1,445,000
Engineering $808,000 $735,000
Miscellaneous $1,697,000 | $1,543,000
Contingency $1,867,000 | $1,697,000
TOTAL $20,538,000 | $18,672,000
$ million per gross MW 1.72 1.86
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Table 2.13 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.

TABLE 2.13: ESTIMATED ANNUAL OPERATING COST

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $1,423,006 | $1,272,955
Variable operating and mai ntenance costs $91,060 $70,753
Variable operating and mai ntenance costs $119,196 $100,411
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $131,412 $110,702

2.2.4 La Cabana

LaCabariaisgovernment-owned and isthe fourth largest sugar factory in El
Salvador. It hasadesigned capacity of 4,800 metric tons of cane per day. 1n 1992-1993,
L a Cabafia processed 505,963 tons of cane.

The harvest season lasts about 126 days. In 1992-1993, 4,016 tons of canewas
processed per day of crop on average. After adjustmentsfor lost time, themillsgrind on
average 193 tons of cane per hour.

L a Cabaria produces amix of raw, white and refined sugar. 1n 1992-1993 total
sugar production amounted to 44,560 tons, of which 25,026 tonswere white sugar, 17,214
tonswereraw sugar and 2,320 tonswere brown sugar.

Themilling tandem consists of five millsdriven by three Elliott turbinesrated at 750
HP, 1,000 HP and 1,000 HP respectively. Caneis prepared by aset of cane knivesand a
fiberizer.
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Table 2.14 shows somerelevant production statisticsfor La Cabaria.
TABLE 2.14: PRODUCTION STATISTICS -- LA CABANA

1989-1990 | 1990-1991 | 1991-1992 | 1992-1993
Crop days 106 115 119 126
% Lost time 11.2 15.3 10.2 13.2
Tons canelyear 415,736 454,025 530,751 505,963
Tons cane/hr 184 194 206 193
Tonssugar/year 30,206 34,628 44,032 44,560
Gallons bunker 26,635 27,069 23,266 29,203
Gallonsdiesd 0 0 0
Pol % cane 10.61 11.06 11.93 12.64
Pol % bagasse 4.06 4.61 5.2 534
Fiber % cane 14.25 13.38 134 13.56
Fiber % bagasse 4452 43.84 42.69 43.00
Moisture % bagasse 49.5 49.38 49.68 49.38
kWh generated 4,896,000 5,184,000 4,896,000 5,282,000
kWh purchased (season) 531,123 804,960 554,880 624,585
kWh purchased (off-season) 649,248 583,866 196,800 560,354

Steam isgenerated in four boilers producing atotal of 290,000 pounds of steam per
hour at 200 psi and 488 degreesF. Boiler 1 isaBabcock and Wilcox unit installed in 1947
and with a capacity of 90,000 pounds of steam per hour. Boilers2 and 3 are Heine units
installed in 1948 and with a capacity of 75,000 pounds per hour each. Boiler 4isa
Combustion Engineering unit installed in 1969 with a capacity of 50,000 pounds of steam
per hour. The Babcock and Wilcox unit has an economizer, and the Heine unitsand the
Combustion Engineering boiler are equipped with air preheaters but do not have
€conomizers.

LaCabariaselectrical power demand is 3,000-3,200 kW, and power isgenerated by
2 turbogenerators, a Siemens unit installed in 1969 and rated at 1,500 kW, and an |deal
Electricunitinstalled in 1975 and rated at 2,000 kW. Thus, the turbogenerators have
adequate capacity, but shortages have resulted from the requirement of the factory to supply
both steam and el ectricity to an adjoining distillery, which produces ethanol from molasses.
The shortfall amountsto as much as 1,200-1,400 kW, which ismade up by electricity
purchasesfrom CEL. During the 1991-1992 season, the energy purchased from CEL
amounted to 10% of thetotal consumption during the season.
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The evaporator station at La Cabaria consists of one preevaporator and aquadruple
effect evaporator.

Table2.15 showsthe potential for export of cogenerated power based on burning the
bagassethat is currently being produced to generate steam in 900 psi or 600 psi boilers

TABLE 2.15. POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2
Pounds steam per hour 228,000 237,000
Gross generation capacity, MW 16 14
Net exportable power( season), MW 12.3 10.3
Net exportable power (off-season), MW 15.8 13.8
Net exportable MWh (season) 34,505 28,858
Net exportable MWh (off-season) 84,569 73,801
Net exportable MWh per year 119,072 102,659

Table 2.16 showsthe capital cost of installing new 900 psi or 600 psi boilersand

turbogenerators at La Cabaiia.

TABLE 2.16: CAPITAL COST OF INSTALLING

BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $4,744,000 $4,312,000
Turbogenerator $3,238,000 $2,944,000
Piping, civil, electrical, foundation $7,982,000 $7,256,000
Erection $1,639,000 $1,490,000
Engineering $880,000 $800,000
Miscellaneous $1,848,000 $1,680,000
Contingency $2,033,000 $1,848,000
TOTAL $22,364,000 $20,330,000
$ million per gross MW 142 1.48
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Table 2.17 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.

TABLE 2.17: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $2,524,054 $2,339,021
Variable operating and $86,257 $72,145
Variable operating and $211,423 $184,503
Fixed operating and maintenance 0 0
Fixed operating and maintenance $233,091 $203,412

2.2.5 San Francisco

San Franciscoisaprivately-owned sugar factory and thefifth largest in El Salvador.
It has adesigned capacity of 3,800 metric tons of cane per day. In 1992-1993, San
Francisco processed 367,846 tonsof cane.

The harvest season lasts about 127 days. In 1992-1993, 2,896 tons of cane were
processed per day of crop on average. After adjustmentsfor lost time, themillsgrind on
average 193 tons of cane per hour.

San Francisco factory produces amix of raw sugar and white sugar. 1n 1992-1993
total production amounted to 35,297 tons, of which 26,964 tons were white sugar, and
8,333 tons were raw sugar.

Themilling tandem consistsof five millswithindividual Buckau-Wolf turbine
drives, one of whichisrated at 530 HP, and the four others arerated at 330 HP each. Cane
isprepared with aaset of cane knivesand a shredder.
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Table2.18 showssomerel evant production statisticsfor San Francisco.
TABLE 2.18: PRODUCTION STATISTICS - SAN FRANCISCO

1989-1990 | 1990-1991 | 1991-1992 | 1992-1993
Crop days 110 124 130 127
% Lost time 10.7 11.7 11.2 10.2
Tons canelyear 338,579 407,269 422,610 367,846
Tons cane/hr 146 157 155 138
Tonssugar/year 26,593 34,100 36,064 35,298
Gallons bunker 150 2,464 2,032 1,233
Gallonsdiesd 0 0 0 0
Pol % cane 11.45 11.33 11.93 15.60
Pol % bagasse 3.92 3.92 4.44 4.35
Fiber % cane 15.55 14.81 14.00 14.28
Fiber % bagasse 4452 43.84 42.69 46.28
Moisture % bagasse 49.5 49.38 49.68 47.65
kWh generated 3,864,509 4,077,120 4,583,634
kWh purchased (season) 34,464 9,024 18,528
kWh purchased (off-season) 308,448 308,736 322,368

Steam isgenerated in three boilers producing atotal of 167,000 pounds of steam per
hour at 300 psi and 285 degreesF. Boilers1 and 2 are Buckau-Wolf unitsinstalled 26 and
19 years ago respectively. They each have acapacity of 40,000 pounds of steam per hour.
Boiler 3isan EVT unit installed thirteen years ago with acapacity of 88,000 pounds steam
per hour. Boilers1 and 2 are equipped with economizers, and Boiler 3 hasan air preheater.

About 3,300 kW of power isgenerated by 3 turbogenerators: aWorthington unit
installed in 1965 and rated at 800 kW, a Siemens unit installed in 1971 and rated at 1,000
kW, asecond Worthington unit installed recently and rated for 1,500 kW.

The San Francisco factory had to purchase only 9,024 and 18,528 kWh from CEL
during the 1990-1991 and 1991-1992 seasons, or 0.2% and 0.4% respectively of total
consumption. The management of San Francisco plansto beself-sufficientin electricity and
to sell 500 kW to CEL beginning at the start of the 1993-1994 season.

Theevaporator station at San Francisco consists of aquadrupl e effect evaporator and
apreevaporator.
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Table 2.19 showsthe potential for export of cogenerated power based on burning the
bagassethat is currently being produced to generate steam in 900 psi or 600 psi boilers. The
mill'smanagement is planning amajor expansion of themill and anticipatesinstalling
cogeneration capacity aspart of the overall project. Theincreased productionwill enable
themill to export power substantially in excessof the8to 10 MW illustrated here.

TABLE 2.19: POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2

Pounds steam per hour 187,000 194,000
Gross generation capacity, MW 11 9
Net exportable power( season), MW 7.7 6.0
Net exportable power (off-season), MW 11.0 9.3
Net exportable MWh (season) 23,405 18,392
Net exportable MWh (off-season) 56,440 47,985
Net exportable MWh per year 79,846 66,377

Table 2.20 showsthe capital cost of installing new 900 psi or 600 psi boilers
and turbogenerators at San Francisco sugar factory. If installed in conjunction with plant
capacity expansion, theseitemswill not need to bejustified solely intermsof power sales.

TABLE 2.20: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $4,226,000 $3,842,000
Turbogenerator $2,539,000 $2,308,000
Piping, civil, electrical, foundation $6,766,000 $6,151,000
Erection $1,460,000 $1,327,000
Engineering $750,000 $681,000
Miscellaneous $1,574,000 $1,431,000
Contingency $1,731,000 $1,574,000
TOTAL $19,046,000 $17,314,000
$ million per gross MW 173 1.86

Table 2.21 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.

TABLE 2.21: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION
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CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $1,684,521 $1,520,813
Variable operating and $58,513 $45,980
Variable operating and $141,101 $119,962
Fixed operating and maintenance 0 0
Fixed operating and maintenance $155,562 $132,257

2.2.6 Ingenio Chaparrastique

Ingenio Chaparrastique, agovernment-owned sugar factory, isthesixthlargestinthe
country. With adesigned capacity of 3,800 metric tons of cane per day, Chaparrastique
processed 276,359 tons of canein 1992-1993.

The harvest season lasted 104 daysin 1992-1993, and has varied between 82 daysin
1989-1990 and 136 daysin 1991-1992. In 1992-1993, 2,658 tons of cane were processed
per day of crop on average. After adjustmentsfor lost time, themillsgrind on average 129
tonsof cane per hour.

Chaparrastique factory produces only white sugar. 1n 1992-1993 total sugar
production amounted to 25,768 tons.

Themilling tandem consistsof four millswithindividual turbinedrives, eachrated
at 700 HP. Mills1 and 2 are driven by Worthington-Turbodyne turbinesand Mills 3 and 4
areequipped with Elliott turbinedrives. A shredder isused to prepare cane beforemilling.
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Table2.22 shows somerelevant production statisticsfor Chaparrastiquefactory.
TABLE 222 PRODUCTION STATISTICS -- CHAPARRASTIQUE

1989-1990 1990-1991 1991-1992 | 1992-1993
Crop days 82 113 136 104
% Lost time 57 18.6 11.9 14.0
Tons canelyear 159,602 222,156 352,5370 276,359
Tons cane/hr 67 102 124 129
Tonssugar/year 12,0583 17,172 30,889 25,768
Gallons bunker 3,812 8,747 3,812 1,416
Gallons diesel 0 0 0
Pol % cane 10.84 11.64 12.34
Pol % bagasse 3.36 321 3.05
Fiber % cane 13.05 13.46 12.14
Fiber % bagasse 45.89 47.21 45.18
Moisture % bagasse
kWh generated 3,752,405 4,888,493
kWh purchased (season) 570,384 193,392
kWh purchased (off-season) 353,328

Steam isgenerated in two boilers producing atotal of 190,000 pounds of steam per
hour. Both boilerswereinstalled in 1988. Boiler 1isaDistral unit with acapacity of
100,000 pounds per hour of steam at 240 psi and 300 degrees C. Boiler 2 isaBabcock and
Wilcox unit with acapacity of 100,000 pounds per hour of steam at 240 psi and 300 degrees
C. Boiler 2 does not have an economizer or apreheater. Boiler 1 isequipped with an
economizer but not apreheater.

During the 1990-1991 and 1991-1992 crops, the Chaparrastique factory had to
purchase 570,384 and 193,392 kWh from CEL during the season, or 13% and 4%
respectively of total consumptioninthoseyears. Power isgenerated by an Ideal Electric
turbogenerator rated at 2,000 kW. The management of Chaparrastique plansto replace an
existing 600 kW unit installed in 1967 with anew 1300 kV A one which would allow them
to eliminate power purchasesfrom CEL and to export 500 kW to the grid during the season.
They also plan to increase the cane grinding rate from 3,000 tons per day to 4,000 tons per
day, astheexisting factory capacity allows.

Theevaporator station, which presently consistsof two setsof quadrupleeffect
evaporators, will bemodified. Threevesselswill beremoved and the station will operateas
asinglequintupleeffect evaporator.

Table 2.23 showsthe potential for export of cogenerated power based on burning the
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bagassethat is currently being produced to generate steam in 900 psi or 600 psi boilers
TABLE 223 POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2

Pounds steam per hour 127,000 132,000
Gross generation capacity, MW 8 7
Net exportable power( season), MW 6.3 5.2
Net exportable power (off-season), MW 8.3 7.2

Net exportable MWh (season) 18,075 14,851
Net exportable MWh (off-season) 43,797 37,873
Net exportable MWh per year 61,873 52,724

Table 2.24 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat | ngenio Chaparrastique.

TABLE 2.24: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $3,491,000 $3,174,000
Turbogenerator $2,221,000 $2,019,000
Piping, civil, electrical, foundation $5,712,000 $5,193,000
Erection $1,206,000 $1,096,000
Engineering $632,000 $574,000
Miscellaneous $1,326,000 $1,206,000
Contingency $1,459,000 $1,326,000
TOTAL $16,047,000 $14,588,000
$ million per gross MW 1.94 2.04

Table 2.25 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.
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TABLE 2.25. ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $1,307,178 $1,200,320
Variable operating and maintenance costs $45,188 $37,127
Variable operating and maintenance costs $109,494 $94,682
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $120,7153 $104,385

2.2.7 El Carmen

Ingenio El Carmen isagovernment-owned sugar factory and isamong the four
smallest in El Salvador, with adesigned capacity of 2,000 tons of cane per day. 1n 1992-
1993, El Carmen processed 182,534 tons of cane during the crop season, which lasted 110
calendar days. Thedaily cane processing rate averaged 1,659 tons.

After adjustmentsfor lost time, the millsgrind on average 91 tons of cane per hour.
Thefactory producesonly raw sugar. 1n1992-1993 total sugar production amounted to
15,466 tons.

The milling tandem consists of four millsdriven by three turbines. Mill 1isdriven
by aturbinerated at 350 HP, Mill 2 hasa 500 HP turbine drive, and Mills3 and 4 are
driven by asingle 750 HP turbine. A shredder isused to prepare cane before milling.
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Table2.26 shows somerelevant production statisticsfor EI Carmen factory.
TABLE 2.26: PRODUCTION STATISTICS -- EL CARMEN

1989-1990 1990-1991 1991-1992 | 1992-1993
Crop days 110 144 124 110
%Lost time 20.8 35.7 20.2 24.0
Tons canelyear 187,342 187,282 219,843 182,534
Tons cane/hr 67 84 98 91
Tonssugar/year 12,802 14,253 19,531 15,466
Gallons bunker 4,000 8,000 6,000 9,982
Gallons diesel 0 0 0 0
Pol % cane 12.75
Pol % bagasse 4.38 4.99 421 432
Fiber % cane 12.99 13.93 13.98 11.56
Fiber % bagasse 42.38 42.26 43.92 43.45
Moisture % bagasse 50.9
kWh generated 40,944
kWh purchased (season) 13,649
kWh purchased (off-season)

Steam isgenerated in three boilers producing atotal of 120,000 pounds of steam per
hour at 200 psi and 250 degrees C. Boiler 1 generates 40,000 pounds of steam per hour.
Boilers 2 and 3 generate 30,000 pounds per hour and 50,000 pounds per hour of steam
respectively. Boiler 2isequipped with an air preheater, but Boilers1 and 3 arenot. Two of
theboilersareequipped with economizers.

Using steam at 200 psi and exhausting at 10 psi, two turbogenerators generate 750
kW and 500 kW of electricity respectively.

Theevaporator station consistsof one quadrupl eeffect system.

Table 2.27 showsthe potential for export of cogenerated power based on burning the
bagassethat iscurrently being produced to generate steam in 900 psi or 600 psi boilers
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TABLE 2.27. POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2

Pounds steam per hour 82,000 85,092
Gross generation capacity, MW 4.3 3.6
Net exportable power( season), MW 31 24
Net exportable power (off-season), MW 4.3 3.6

Net exportable MWh (season) 9,938 7,620
Net exportable MWh (off-season) 21,656 18,059
Net exportable MWh per year 31,595 25,679

Table 2.28 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat EI Carmen.

TABLE 2.28: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $2,570,000 $2,336,000
Turbogenerator $1,465,000 $1,332,000
Piping, civil, electrical, foundation $4,035,000 $3,668,000
Erection $888,000 $807,000
Engineering $448,000 $407,000
Miscellaneous $941,000 $855,000
Contingency $1,035,000 $941,000
TOTAL $11,382,000 $10,346,000
$ million per gross MW 2.62 2.86

Table 2.29 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.
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TABLE 2.29: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $646,351 $572.368
Variable operating and maintenance costs $24,846 $19,050
Variable operating and maintenance costs $54,141 $45,149
Fixed operating and maintenance costs 0 0
Fixed operating and mai ntenance costs (off- $59,689 $49,776

2.2.8 La Magdalena

The government-owned LaMagdalenasugar factory and isalso among the four
smallest in El Salvador. It hasadesigned capacity of 2,000 tons of cane per day but
processes about 1,700 tons cane per day on average. 1n 1992-1993, LaMagdalena
processed 151,760 tons of cane during acrop season, which lasted 94 calendar days. After
adjustmentsfor lost time, the millsgrind on average 74 tons of cane per hour.

LaMagdelenafactory produces only plantation white sugar, and in 1992-1993, total
sugar production amounted to 18,568 tons.

The milling tandem consists of six millsdriven by four turbines. Mills1and 2 are
driven by aturbinerated at 400 HP. Mills 3 and 4 have another 400 HP turbine. Mills5
and 6 areindividually driven by 200 HP turbines. Thereisno cane preparation prior to
milling.

Table 2.30 shows somerelevant production statisticsfor LaMagdalena.
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TABLE 2.30: PRODUCTION STATISTICS -- LA MAGDALENA

1989-1990 | 1990-1991 | 1991-1992 1992-
Crop days 77 106 108 94
% Lost time 11.2 229 15.0 11.7
Tons canelyear 108,116 136,491 175,908 151,760
Tons cane/hr 71 70 80 76
Tonssugar/year 10,858 13,535 18,568 15,032
Gallons bunker 47,384 21,064 26,508

Gallons diesel 0 0 0

Pol % cane 13.19
Pol % bagasse 4.16 4.08 3.35

Fiber % cane 1241 12.69 13.00

Fiber % bagasse 44.19 44.87 45.44

Moisture % bagasse

kWh generated 564,102 67,162 45,334

kWh purchased (season) 256,641 328,812 13,876

kWh purchased (off-season) 487,872 67,162 68,429

Steam isgenerated in two boilers producing atotal of 80,000 pounds of steam per
hour at 250 psi and 480 degreesF. Boiler 1, aBabcock and Wilcox unit, generates 45,000
pounds of steam per hour, and Boiler 2, an ERTE unit, produces 35,000 pounds per hour of
steam. Neither boiler isequipped with an economizer or apreheater.

Electrical power isgenerated by asingleturbogenerator. An Elliot turbine coupled
with an Allis-Chalmers generator generate 1,000 kW of power using steam at 200 psi and
exhausting at 10 psi.

Dueto inadequate amounts of bagasse, the factory burns Bunker C fuel during the
season to maintain steam flow. Thefactory also experiencesashortage of el ectricity which
ismade up by meansof electricity purchasesfrom CEL.

Table 2.31 showsthe potential for export of cogenerated power based on burning the
bagassethat iscurrently being produced to generate steam in 900 psi or 600 psi boilers
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TABLE 2.31: POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2

Pounds steam per hour 72,000 75,000
Gross generation capacity, MW 41 35
Net exportable power( season), MW 31 25
Net exportable power (off-season), MW 41 35

Net exportable MWh (season) 7,983 6,350
Net exportable MWh (off-season) 22,896 19,352
Net exportable MWh per year 30,879 25,702

Table 2.32 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat LaMagdalena.

TABLE 2.32: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $2,417,000 $2,197,000
Turbogenerator $1,465,000 $1,332,000
Piping, civil, electrical, foundation $3,882,000 $3,529,000
Erection $835,000 $758,000
Engineering $430,000 $391,000
Miscellaneous $903,000 $821,000
Contingency $993,000 $903,000
TOTAL $10,925,000 $9,931,000
$ million per gross MW 2.66 2.86

Table 2.33 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.
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TABLE 2.33: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $683,351 $613,347
Variable operating and maintenance $19,957 $15,874
Variable operating and maintenance $57,240 $48,381
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $63,106 $53,339

2.2.9 Chanmico

Chanmico isgovernment-owned and isthe second smallest sugar factory in El
Salvador intermsof annual sugar production. It hasadesigned capacity of 2,000 tons of
cane per day, but processes about 1,800 tons cane per day on average. 1n 1992-1993,
Chanmico processed 164,454 tons of cane. The crop lasted 93 calendar days. After
adjustmentsfor lost time, the millsgrind on average 84 tons of cane per hour.

Chanmico factory produces amix of plantation white sugar and raw sugar. 1n 1992-
1993 total production amounted to 14,609 tons, of which 4,973 tonswere plantation white
sugar and 9,636 tons were raw sugar.

Themilling tandem consists of five millsdriven by two KKK turbinesrated at 375
HP each. A shredder driven by a500 HP Elliott turbine and an electrically driven set of
knivesprepare caneprior to milling.

Table2.34 shows somerelevant production stati sticsfor Chanmico factory.
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TABLE 2.34: PRODUCTION STATISTICS -- CHANMICO

1989-1990 | 1990-1991 | 1991-1992 1992-
Crop days 103 103 113 93
% Lost time 30.3 254 241 14.3
Tons canelyear 120,300 139,289 202,190 164,454
Tons cane/hr 71 78 99 86
Tonssugar/year 7,759 11,447 17,041 14,610
Gallons bunker 110,563 27,360 25,195 750
Gallonsdiesd 0 0 0 0
Pol% cane 1211 12.15 12.16 12.00
Pol % bagasse 3.6 42 3.83 3.67
Fiber % cane 13.26 12.88 12.84 135
Fiber % bagasse 46.8 45.32 45.35 42.65
Moisture % bagasse 475 49.5 49.4 48.0
kWh generated 2,086,112 1,846,560 2,061,120 | 1,892,256
kWh purchased (season) 688,704 369,312 412,224 378,432
kWh purchased (off-season) 1,056,960 628,800 604,800 655,200

Steam isgenerated in aFives Cail Babcock (FCB) unit installed thirteen yearsago,
which generates about 80,000 pounds of steam per hour at 300 psi and 330 degreesC. The
boiler isnot equipped with an economizer or apreheater.

Electric power isgenerated by asingleturbogenerator. The Terry turbineand
Scholch generator generate 1,000 kW of power.

Table 2.35 showsthe potential for export of cogenerated power based on burning the
bagassethat iscurrently being produced to generate steam in 900 psi or 600 psi boilers.
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TABLE 2.35. POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2
Pounds steam per hour 85,000 88,000
Gross generation capacity, MW 4.7 4.0
Net exportable power( season), MW 3.8 31
Net exportable power (off-season), MW 4.7 4.0
Net exportable MWh (season) 9,515 7,662
Net exportable MWh (off-season) 26,877 22,635
Net exportable MWh per year 36,392 30,297

Table 2.36 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogeneratorsat Chanmico.

TABLE 2.36: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $2,633,000 [ $2,394,000
Turbogenerator $1,465,000 | $1,332,000
Piping, civil, electrical, foundation $4,099,000 [ $3,726,000
Erection $910,000 $827,000
Engineering $455,000 $414,000
Miscellaneous $956,000 $869,000
Contingency $1,052,000 $956,000
TOTAL $11,570,000 | $10,518,00
$ million per gross MW 2.44 2.63

Table 2.37 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.
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TABLE 2.37: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $802,157 $717,368
Variable operating and maintenance $23,788 $19,155
Variable operating and maintenance $67,191 $56,586
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $74078 $62,388

2.2.10 Ahuachapan

Ahuachapanisprivately-owned and isthe smallest sugar factory in El Salvador in
termsof annual sugar production. It hasadesigned capacity of 1,200 tonsof cane per day,
but processes about 650 tons cane per day on average. In 1992-1993, Ahuachapan
processed 73,438 tons of cane during acrop season that lasted 113 calendar days. After
adjustmentsfor lost time, the millsgrind on average 50 tons of cane per hour.

Ahuachapan factory producesamix of plantation white sugar and raw sugar. In
1992-1993 total production amounted to 6,669 tons, of which 3,709 tonswere plantation
white sugar and 2,960 tonswere raw sugar.

Themilling tandem consists of three millsdriven by asingle Worthington turbine
rated at 750 HP. Thereisno cane preparation prior to milling.

Table2.38 showssomerelevant production statisticsfor Ahuachapan factory.
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TABLE 2.38: PRODUCTION STATISTICS -- AHUACHAPAN
1989-1990 | 1990-1991 | 1991-1992 1992-

Crop days 54 90 135 113
% Lost time 334 33.6 46.1 459
Tons canelyear 45,327 67,620 83,838 73,438
Tons cane/hr 52 47 48 50
Tonssugar/year 4,348 5,861 7,017 6,669
Gallons bunker 0 0 0 0
Gallonsdiesd 0 0 0 0
Pol % cane 14.5 14.6 14.6
Pol % bagasse
Fiber % cane 13.37 13.7 13.8
Fiber % bagasse 41.4 40.0 38.8
Moisture % bagasse
kWh generated 728 831
kWh purchased (season) 243 277
kWh purchased (off-season) 78 40

A Babcock and Wilcox boiler generates about 60,000 pounds of steam per hour at
290 psi and 263 degrees C. Theboiler isnot equi pped with an economizer or apreheater.

Electrical power isgenerated by asingleturbogenerator. The KKK turbineand
NEBB generator generate 800 kW of power. Thisamount of power isinsufficient to meet
the needs of both the factory and an adjoining distillery, requiring the purchase of 300 kW
from CEL.

Table 2.39 showsthe potential for export of cogenerated power based on burning the
bagassethat is currently being produced to generate steam in 900 psi or 600 psi boilers.



TABLE 2.39: POTENTIAL FOR EXPORT OF COGENERATED POWER

CASE 1 CASE 2

Pounds steam per hour 42,000 43,000
Gross generation capacity, MW 19 15
Net exportable power( season), MW 0 0
Net exportable power (off-season), MW 19 15
Net exportable MWh (season) 0 0
Net exportable MWh (off-season) 10,200 8,189
Net exportable MWh per year 10,200 8,189

Table 2.40 showsthe capital cost of installing new 900 psi or 600 psi boilersand
turbogenerators at Ahuachapan. The high capital cost of US$4 million or more per MW,
owing tothesmall size of the mill, combined with the extensivelost time, appear to make
cogeneration at thismill an unattractiveinvestment.

TABLE 2.40: CAPITAL COST OF INSTALLING
BOILERS AND TURBOGENERATORS

CASE 1 CASE 2
Boiler $1,806,000 | $1,642,000
Turbogenerator $813,000 $740,000

Piping, civil, electrical, foundation $2,619,000 | $2,381,000

Erection $624,000 $567,000
Engineering $293,000 $266,000
Miscellaneous $616,000 $560,000
Contingency $677,000 $616,000
TOTAL $7,448,000 | $6,772,000
$ million per gross MW 3.98 451

Table 2.41 showsthe estimated annual operating cost of power generation.
Production costs are based on the assumptionsthat only bagasseisburned during the season,
and only bunker C fuel isburned during the off-season.
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TABLE 2.41: ESTIMATED ANNUAL OPERATING COST
OF POWER GENERATION

CASE 1 CASE 2
Fuel cost (season) 0 0
Fuel cost (off-season) $304,416 | $259,539
Variable operating and maintenance costs $0 $0
Variable operating and maintenance costs $25,499 $20,473
Fixed operating and maintenance costs 0 0
Fixed operating and maintenance costs $28,112 $22,571
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2.3 ENVIRONMENTAL CONSIDERATIONS

In addition to thefinancial costs, some of the optionswill haveincremental
environmental impactsassociated with them aswell. Inthe case of in-season cogeneration
with bagasse fuel only, the same materia will be burned in the same quantitiesand inthe
same ways as before, and theimpactson air, land and water quality should remain
unchanged. For year-round generation, however, additional fuel will be consumed, and the
impactswill depend largely on thetype of secondary fuel selected. 1neach case, afavorable
effect of independent cogeneration will beto offset generation by CEL to meet the samelevel
of demand for power.

While other waste biomassresources may beavailablein specificlocations, bunker
oil isthemost likely supplemental fuelsfor off-season operation. Sugar millsin El Salvador
now employ no fluegasemission controls. Oil combustion, depending on specificfuel
content, would evolve oxides of sulfur and nitrogen, unburned organic material, and asmall
amount of ash. Finally, whilethe off-seasonisrainy, operation with any fuel whilethe
remainder of themill isnot operating will require additional cooling water to condense
steam.

Sincethemillsaresmall, theincremental environmental effectsmay be minor,
especialy at isolated rural installations. However, their cumulativeimpact in combination
with other nearby polluting activities should be evaluated on acase by casebasis.

CEL hasan energy cost incentiveto use geothermal and hydropower in preferenceto
fossi| fuel-fired generation, and capacity additionsfor theremainder of the decadearelikely
to be either geothermal or oil-fired power plants. (See Table3.5below.) For thisreason, the
probable environmental benefitsdueto cogeneration at sugar millswill lieinreduced fossil
fuel (oil) combustion at CEL facilities. Thesebenefitswould result, in different amounts,
from both in-season and all-year operation.

Sincemuch of CEL 'soil-fired capacity involvesdieselsor gasturbines, which burna
cleaner distillate oil and have higher efficienciesthan bunker fuel ed steam generators, the net
impact of generation by sugar millsduring the off-season will probably beadverse. The
pollutantswill bedifferent, however, inthat theinternal combustionenginesarelikely to
evolvemore NOx and less SOx and parti cul atesthan bunker-fired boilers.
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3.0 EL SALVADOR'SELECTRIC POWER
SYSTEM AND AVOIDED COST

3.1 OVERVIEW OF ELECTRIC SECTOR

LaComision EjecutivaHidroelectricadel Rio Lempa(CEL), isthe state-owned
national power generation authority in El Salvador. CEL hasbeen primarily responsiblefor
al new power generation and transmission in El Salvador since 1948. DISCEL, aunit of
CEL, isresponsiblefor thedistribution and sale of power to thefinal consumer inrural areas
in El Salvador. Distribution to the major portion of the remainder of the country isthe
responsibility of four state owned distribution companies. Until 1986, when concessions
expired, these were private companies under the administration of CEL. Thefour formerly
private companiesare: CAESS-Compafiade Alumbrado Electrico de San Salvador, CLES-
Compafiiade L uz Electricade Sonsanate, CLEA- Compafiiade Luz Electricade
Ahuachapan and CLESA-Compafiiade Luz Electricade SantaAna.

A number of important factorsare adversely affecting both the supply system of CEL
and planning for future generation resources. The majority of current generation equi pment
is20yearsold or greater, reducing reliability and raising costs of maintenance. Expansion
of the system in recent years has not been adequate to meet |oads, and the drought which
occurred in 1991 madeit necessary to add emergency capacity with two new gas turbines of
37.5 MW. Subsequently with the failure of the Soyapango oil-fired plantin 1992, an
additional gasturbine of 82.1 MW had to be added. Asdiscussed further below, theelectric
power systemin El Salvador has experienced much morerapid growth in demand (9.7%
versus 7.2%) than had been previously forecast for planning purposes. Thisgrowthrate
evenif later moderated, will require significantly greater additionsto the CEL systemthan
had been programmed only asrecently aslast year.

Whileelectricity isclearly acritical input to most economic activity in El Salvador,
it also constitutesone of thelargest expenditure obligationsfor the government.
Expendituresfor the electric power sector during the 1970's constituted 25% of total public
investment and 8% of total national investment. CEL'sinvestmentsreached 16.9% of total
publicinvestment in 1990. Theindebtedness of the power sector, of which CEL isamajor
part, at the end of September 1993, totaled 2,613 million colones (US $296.9 million).? As
acondition of recent financing by IDB, CEL has agreed to adhereto strict financial
management and indebtedness guidelines over the next 10 years. Thesewill limit CEL
borrowing and affect tariff policy. The mostimportant accordsprovidethat CEL will:

2CEL, InformeGerencial, October 1993, pp. 21-23.
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1. Maintainacurrent ratio of not lessthan 1.5 (current assets/current liabilities).

2. Not assume, without prior agreement with IDB, new financial obligations
greater than oneyear duration which would:

a. causeindebtednessto rise abovearatio of 0.75 (total
liabilities/total assets),

b. causedebt coveragefor long-term obligationstofall below
1.5, except for 1993-94 where aratio of not lessthan 1.01is
agreed. (ratio of actual cash flow to maximum projected debt
service), and

C. notincur new investmentswithout prior agreement if these
exceed 2% of the average of fixed assets.

Recent tariff studiesby CEL consultantshave provided detailed analysisof both
pricelevelsandtariff structures. Ingeneral, these show CEL revenuesat the bulk tariff
level, using 1992 financial results, were only 0.4054 coloneskWh (US $ 0.046) versus
strict long run marginal costs of 0.8698 coloneskWh (US$0.099). Attheretail level,
current revenuesare 0.5415 colones/kWh (US $0.0615) versus costsfor CAESS, which
were 1.022 colones’kWh (US $0.116), at 8.8 colonesUSdollar.?

The projected heavy financial burden of electric sector expansion, aswell as poor
past financial performance, haveled to anumber of important reforms affecting the market
for, and economicsof private power generation. The Government of El Salvador (GOES)
intendsto reducetheintervention of thegovernmentinelectric sector, including
consideration of privategeneration, new regulatory mechanismsand reprivatized electricity
distribution. Accordswith thelnteramerican Devel opment Bank (IDB) and other donors
commit the GOESto substantial additional tariff increasesto bring electricity pricestothe
level of long-run marginal cost by 1996, and to maintain pricesat these level sthereafter.

It will becomeincreasingly difficult politically to expand the power systeminthe
futureduetothevery largetariff increases, financing restrictionsand the heavy financing
burden that will berequiredfor thisexpansion. Asthediscussionwhichfollowsexplains,
the GOESisnow considering avariety of meansto mitigate the financial burden of power
sector expansion, among whichispartial relianceon private power.

3RCG/HagIer, Bailly, Inc. "Estudio del SistemaTarifario del Subsector Electrico-Informe Final," Julio
1993, Cuadro 5-15 and Cuadro 5-16.
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3.2 INSTITUTIONAL AND LEGAL BASIS FOR
COGENERATION AND PRIVATE POWER

3.2.1 Ingtitutional Structure for Private Power
and Power Sector Regulation

The Government of El Salvador (GOEYS) isproceeding rapidly to establish alegal
framework for power sector restructuring in El Salvador. The Unidad de Estudios
Sectoriales(UES) isthe GOESinteragency body responsiblefor overseeing the preparation
of legal andinstitutional reform proposals. Variousdraft reformlawsare currently being
prepared for consideration, including anew electricity sector law (AnteproyectodelL ey
General de Electricidad), alaw to create anew energy regulatory agency or CREH
(Anteproyecto de L ey de Creacién delaComision Reguladorade Electricidad €
Hidrocarburos) to deal with the electricity and petroleum sectors, and alaw to establish a
new national energy commission or CNE (Anteproyecto delalL ey de Creacidn del Consgjo
Nacional de Energia).

The CNE would be the highest energy policy making body in government and would
be made up of the Ministry of Planning, Ministry of the Economy, Ministry of Housing,
Ministry of Agriculture and Livestock and President of the Central Bank. The CNE would
beresponsiblefor such mattersasdevel opment of national energy strategy and associated
legislation, including promotion of privateinvestment, approvequality of servicestandards
for energy supply, and establish policy for exploration and exploitation of national energy
resources.

Theregulatory agency, CREH, would be responsiblefor the actual regulatory
activitieshaving to do with the devel opment and supply of energy resourceswithinthe
country, including monitoring of adherenceto technical and environmental normsandto
both thelawsdealing with hydrocarbonsand el ectricity. Thisagency would beresponsible
for fixing tariffsfor generation, transmission and distribution of electricity, and guaranteeing
that quality of service standardsare met.

Thenew Ley Genera deElectricidad (L GE) would provide acomprehensive
framework for management of the el ectricity sector, and in so-doing provideanumber of
innovationswhichwill beimportant for the effectiveintroduction of competitioninthe
electricity sector andfor private power investment. For example, among the objectivesof
the LGE isthe promotion of free competition in the generation of electricity and free access
of generatorsto transmission and distribution, aswell asthe guaranteethat the prices of
electricity reflect costsof generation, transmission and distribution. Concessionsfor private
generationwould generally berequired by thelaw, except that thermal and non-conventional
electricity generatorsbel ow level sto be prescribed under thelaw would be exempt.
Published national generation and transmission expansion planswould formthebasisupon
whichinterested partieswould beableto bid for generation and/or transmission concessions,
either ontheir own motion or inresponseto public solicitations, and proposerswoul d present
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brief feasibility studiesal ong with schedul e, budget and sourcesof funds.”

Thenew law provides eminent domain proceduresfor use of private property for
el ectricity generation, transmission or distribution, and providesfor useof hydrologic,
geothermal, wind and solar natural resourceswithout additional payment to the state by
electricity generators. Theresponsibility of devel operswill beprimarily for facilities
necessary toexploit theseresources.® Distribution concessionsaredescribed and rulesfor
operation given, and the Ministry of Economy would have oneyear formally to grant the
concessions. Inaddition, the procedurefor determining pricesof wholesal e power salesto
distributorsis specified, generally making these pricesequal to the prospective 5 year
average of short-term marginal costs of generation plusacost for use of transmission. There
isalsoauthority, but few detail sare specified, for eventual compl eteliberalization of
whol esale power salesprices, that is, authority for competitive purchase under regul atory
supervision.® Criteriafor transmission access or use and appropriate paymentsare also
described.’

Criteriafor determining final tariffsto consumersareprovided, generally
corresponding to cost of purchased power, plusval ue-added by thedistribution company
assuming "efficient” (defined) operation. Tariffsfor classesof customersareto be cost-
based, taking into account |osses and associated energy and capacity costs. Studiesby
distributorsareto be prepared proposing tariff levelsby class of customer. Thesearethen
reviewed by the CREH to determinetheinternal rate of return oninvestment (from revenues
less costs of operation), using an historictest year. Theallowed rate of return will bethe
discount rate defined for cal cul ation of tariffs (opportunity cost of capital fixed by CNE)
plus amaximum of 4 percent.®

4U.E.S, "Anteproyecto de Ley General de Electricidad,” pp. 6-14.
5U.E.S, "Anteproyecto de Ley General de Electricidad,” pg. 18.

GU.E.S, "Anteproyecto de Ley General de Electricidad,” pp. 44-46.
7U.E.S, "Anteproyecto de Ley General de Electricidad,” pp. 47-48.
8U.E.S, "Anteproyecto de Ley General de Electricidad,” pp. 53-54.
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3.3 ELECTRIC POWER SUPPLY AND DEMAND
IN EL SALVADOR

3.3.1 Current CEL and Distribution
Company Growth Projections

3.3.1.1 CEL Projections

Theforecast of salesand power demand prepared by CEL isthebasisfor investment
planningin El Salvador. Themethodology for preparing thisforecast involvesanalysis of
demand patternsat the national level using an econometric model of historic power salesby
economic sector versusvariouseconomic variables. The projection of theseeconomic
variablesat the national level by economic officialsand/or international organizations, are
used asthe basisfor CEL 'sforecast of the corresponding future el ectrical consumptionupto
2010. Inaddition, the staff of CEL separately takeinto consideration plansfor additional
largeprivateand public projects.

Thefuture growth of El Salvador's el ectricity sector aswell asthe economy has
recently been very robust dueto the end of the conflict of the 1980's. Unfortunately, thishas
also added substantially to the uncertainty of forecastsand corresponding supply plans. As
an example, the consumption of electricity grew at an average of 3.8% during the period
1980 to 1989, versus 10.3% from 1970-79, and in 1993 appearsto have grown at arate of
about 9.7%. ° Potentially damping the need for new capacity will beanumber of other new
factors. During the next 5-10 years El Salvador'selectricity sector will be subject to alarge
number of important policy interventions, including moreconcerted effort toreducelarge
transmission and distribution losses (whichlower need for new capacity), aswell asprice
reformleadingtolargeincreasesin electricity rates, and introduction of load management
and energy conservation programs.

Thefollowing tablespresent both previousand current el ectricity salesand demand
forecastsfor comparison. Therecent but nolonger accepted forecast growth rates used by
CEL to prepare the 1992 CEL-1DB supply plan, aswell asrecent revisions used for the
current plans, areshownin Table 3.1 below. The most recent forecast projectsaverage
demand growth over the period 1994 to 2010 at 8.8% per year.

QCEL, op. cit., pg. 12; and CEL, Plan Complementario del Sistema de Generacion 1993-2010 26/10/93, pg.
22,
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TABLE 3.1: PAST AND CURRENT FORECAST NATOIONAL
ELECTRICITY GROWTH RATES (1992-2010)1

Y ear Scenario Intermedio Scenario Optimista | Scenario Pesimista
Previous Forecast
1992/1995 6.6% 7.5% 4.9%
1996/2000 7.7% 9.5% 5.8%
2001/2005 7.2% 8.8% 5.3%
2006/2010 7.0% 8.0% 4.9%
Total 7.2% 8.4% 5.2%
Current Forecast 8.8% - -

Animportant element of theforecast process used for generation planning purposes
isthe projection of lossesin energy and capacity in transmission and distribution from both
technical and non-technical (e.g., theft) sources, shown below. Thesearecombinedwith
forecast consumption and maximum demand to determine generation capacity requirements.

TABLE 3.22 TOTAL SYSTEM LOSSES - CEL ESTIMATE

Y ear Transmission Losses Distribution Losses | Total Losses
(%) (%) (%)
1992/94 6.5% 9.5% 16.0%
1995/97 6.0% 9.0% 16.0%
1998/2000 5.5% 8.5% 14.0%
2001/2010 5.0% 8.0% 13.0%

Mision del BID-Revis on, "Proyecciones dela Demandade Energia Electrica,” 26/08/92.
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TABLE 3.3: PREVIOUS AND CURRENT CEL GENERATION
AND MAXIMUM DEMAND FORECAST

Y ear Net Generation Maximum L oad
(GWh) Demand (MW) Factor

1992
Previous/ 2,434.6/ 455.6/ 0.61
Current 2,503.4 476.0
1995
Previous/ 2,929.7/ 539.4/ 0.61
Current 3,307.0 625.0
2000
Previous/ 4,225.6/ 765.7/ 0.61
Current 5,203.5 974.0
2005
Previous/ 5,957.5/ 1,062.5/ 0.62
Current 7,851.5 1,446.0
2010
Previous/ 8,366.9/ 1,492.4/ 0.63
Current 11,421.0 2,069.0

Source: CEL, Plan Complementario del Sistemade Generacion 1993 - 2010,
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PLANICEL/SPDE/26/10/93
3.3.2 El Salvador's Generation System and Its  Operation

3.3.2.1 National Supply System (CEL)

Thetotal installed capacity in El Salvador as of September 1993 was817.5 MW, of
which 47.5% was hydroelectric, 12.8% geothermal and 39.7% oil-fired. The generation
system of El Salvador isheavily dependent on hydroel ectric generation which provided some
52% (1,066 GWh) of total energy produced from national resourcesin 1993 (2,055 GWh)
through September. Hydroel ectric generation is made-up of four major units, withinstalled
and available capacity (September 1993) asfollows:™

Hydroelectric Capacity
Available Installed

Guajoyo 15.0 MW 15 MW
Cerron Grande 135.0MW 135 MW
5deNoviembre 72.0 MW 81.4 MW
15 de Septiembre 156.6 MW  156.6 MW

Subtotal 378.6 MW  388.0 MW?*

Geothermal resourcesin El Salvador are substantial, with 2 sitesoperational inthe
Ahuachapan field and oneinthe Berlinfield. In 1993, geothermal generation made-up
14% (290 GWh) of internally generated energy through September 1993. Average plant
factor was 39%.

Geothermal Capacity
Available Installed

Ahuachapan 58 MW 95 MW
Berlin 5 MW 10 MW
Subtotal 63.0 MW 105 MW

Thermal generationisnext inimportance after hydroelectric generation with 5 major
stations providing 34% (699 GWh) of internal energy production through September 1993,
with an average plant factor of 52%.

Ycomision Ejecutive Hidroelectrica del Rio Lempa, "Reporte Mensual de Operacion del Sistema CEL,
Septiembre 1993, page 14.

1ZCEL, Plan Complementario del Sistema de Generacion 1993 - 2010, Resumen Ejecutivo, SPDE/26/10/93,
PLANICEL; page 13.
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Thermal (Oil-fired) Capacity
Available Installed

Acgjutla(Steam) 58 MW 63 MW
Acgjutla(Gas) 138 MW 157.1 MW
Miravalle 12 MW 18.6 MW
Soyapango 0 MW 53.9 MW
San Miguel 23 MW 31.9 MW
Subtotal 112.6 MW  167.4 MW

Of thetotal CEL generation system ,with an installed capacity of 817.5 MW,
672.6 MW was available capacity as of September 1993.

3.3.3 National Transmission and Distribution System

Decentralized generation sources, such asthe sugar sector, will not only potentially
impact the generation system of CEL, but also will have animpact on transmission and
distributionto varying degrees. Although smaller size cogeneration and/or seasonable
capacity, may not impact required transmissioninvestment to serve national |oads,
decentralized generationwould reducetransmissionlossesand possi bly substation power
requirementsand investments. By improving thequality of power supply at intermediate
pointsinthedistribution system, decentralized generation may havesignificant benefitsfor
guality of service, reduced distributionlossesand possibly lower distributioninvestment
requirements. Distribution power quality in many rural areasisnow substandard and
requires changes such as substation rel ocation or improvement, changing voltage, andline
reconductoring.

Theprincipal transmission system in El Salvador operatesat 115 kV systemwiththe
exception of theinterconnection with Guatemalawhichis230kV. The system consists of
some 29 lines of 848 kmsinterconnecting generating stationswith CEL'smain substations.
CEL 'sOperations Center control sthetransmission and distribution of electricity, throughthe
six main distribution companies, to 7 direct clientsof CEL and 13 rural electrification zones
(distributed by DISCEL). Figure 3.1 below containsaline diagram of the national
interconnected system.

Thedistribution systemin El Salvador consists of some 16,672 kms of primary and
secondary distribution lines. Whileno exact figureisavailableitisnormally assumed that
therural distribution system consistsof at least 7,842 kms, which isthe entire system of
DISCEL. Most rural primary distributionisat 13.2 KV, while the mgjority of urban primary
distribution (CAESS) isat 23KV. Long linelengths, along with inadequate conductor
sizes, aremajor contributorsto largelossesand low voltagelevel sexperienced inrural El
Salvador. DISCEL reports average distribution losses of 22.8%in 1992 for example.
Theseunfavorabl echaracteristicssubstantially influence (increase) thepotential distribution
benefitsof decentralized generation.™

N RECA, "Valuo delnventariosdeL ineasy Transformadoresde Distribution...,” San Salvador, February
1993.
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FIGURE 3.1

(FULL PAGE CEL MAP)
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3.3.3.1 Planned Expansion of the National Interconnected System

Until very recently CEL had planned to accommodate annual demand growth of
7.2%, consi stent with recent proj ections of growth in national income of 4.0% (1993) to
4.6% (1996 and thereafter). The plan contemplated financing by the IDB of 4 projects
during the period 1993-1996. Thesewere: thethird well-head unit of the Berlin geothermal
field, the steam-turbineto be added to the existing combined-cycle unit, afeasibility study of
the San Vicente geothermal field and rehabilitation of the steam unitsof Acgjutla. The
Acajutlarehabilitation will be carried out with fundsfrom the Overseas Economic
Cooperation Fund of Japan.

In order to respond to the accel erated rate of demand growth, CEL has performed
additional operational and planning studiesto ascertain theimplicationsfor immediate
action and planned new generation. Given thecritical nature of the supply situation, CEL
hasalso incorporated private power generation asan alternativefor thefirst timeinits
official generation planning. Inorder to understand theworst-caseimplicationsof not
expanding their system adequately, CEL performed several operational studies, assuming no
additional short-term generation is added (dueto delaysin planned projects, etc.) with the
followingresults:

C Under average hydro conditions during the period 1993-1996, therewould
be adeficit in energy of 183.2 GWh and 508.7 GWh in the years 1995 and
1996 respectively.

C Under dry hydro conditionsduring this same period, an energy deficit of 530
GWh and 575 GWh in 1995 and 1996, respectively, would occur

C Assuming only rehabilitation of Soyapango by 1995, the system would have
adeficit of 25 GWhin 1995 under dry hydro conditions.

Tables3.4 - 3.5 describe CEL planning assumptionsand results of the previous
generation plan done asinput to IDB |oan evaluations.

TABLE 3.4: AVERAGE CAPITAL AND O&M COSTS OF THE INVESTMENT PLAN

Energy AverageCosts
Resources
Capital O&M
US$HkW US$kWh
Hydro Projects 1528.12 0.0265
Geothermal Projects 2148.40 0.0413
Thermal Projects 1064.7 0.0807

Source: Summary of the Electricity Generation and Transmission Plan 1992 - 2010,
PLANICEL/SPDE/10-01-92/36/92.
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TABLE 35: ORIGINAL CEL-IDB INVESTMENT PLAN

Y ear Number of Units Project Capacity
(MW)
1993 2 GasTurbine 375
1 GasTurbine 80
1994 1 ChipilapaWell-Head Geothermal 5
1995 1 Berlin Well-Head Geothermal 5
1996 1 Steam Turbine/for Combined Cycle 32
1 Rehab Acajutla 58
1997 1 Berlin Geothermal 23.7
1 Ahuachapan Stabilization 21
1998 1 Berlin Geothermal 23.7
1 Chipilapa Geothermal 23.7
1999 1 C.H.5deNoviembre 120
2000 1 Qil-fired Steam 69
2001 2 C.H. San Marcos L empa 80
2002 1 Qil-fired Steam 69
2003 1 San Vicente Geothermal 23.7

CEL hasnow reformul ated their | east-cost expansion plan taking into account a
number of other adversefactorsin addition to the higher demand growth they are
experiencing Thesefactorsinclude delaysin expansion of the5 deNoviembre Hydro
facility, delay of 8 monthsinthethird Berlin well-head unit, delay of the steam turbinefor
the existing combined cycleunit, and finally, failure of Chipilapafield studiestoindicate
adequate geothermal steam for that devel opment.

Thetwo tablesin Appendix B below arereproduced from CEL'srevised plan and
presentstwo versions. Thefirst table, "conrecursosCEL," showstherevised plan utilizing
only CEL resources. This plan would produce an effective addition of 299.7 MW of
capacity net of retirements by the year 2010, at anet present value of costs of $1,505.8
million. Inthesecond case, " con generacion privada,” private power generationisallowed
to enter the plan, with amounts of 80 MW in 1995, and 115 MW in 1998. The sametotal
effective capacity of 299.7 MW would be added, with the net present value of CEL's
investment costsdropping to $1,164.6. In most future years adequate reserve margin are
maintained with only CEL generation, however 1996-7, 2002 and 2006 reserve marginsare
below 10%. Reserve marginsunder the plan with private participation only fall below 10%
in 1996, and thereafter generally exceed 15%. Both plans show that short-term energy needs
can be satisfactorily met.

3.3.4 CEL Actions Regarding Private Power Supply

CEL iscurrently attempting to determinethe potential for private generation through
apublic solicitation to provide an 80 MW unit for operation by January 1995. Thisappears
to be the most attractive option for CEL, asit would offer an alternativeto acquiring 3 gas
turbines 1995 (2x37.5 MW) and 1997 (1x37.5 MW). The break-down of near-term
requirement assuming privategenerationisasfollows:
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Rehabilitation of Soyapango

Unitsland 3 April 1995

Unit 2 July 1995
Rehabilitation of Acajulta

58 MW Dec 1995/May 1996
Steam turbine Combined-Cycle

32 MW January 1996
Berlin Geothermal

5MW 1996

23.7 MW 1997
Private Generation

Unit of 80 MW January 1995

Unit of 115 MW January 1998

Thelatest CEL generation plan (SPDE/26/10/93) indicated that adecision would be
reached on whether or not to pursue private generation for the above 80 MW facility by
November 1993. Thisschedule appearsto now have slipped. The plan doesnot go into
detail concerning what termsand conditionswould berequired, nor criteriafor pricing.
However, itisnoted in thereport that CEL will require an 80% availability rate, and that the
cost must not exceed the obj ectivefunction of theleast-cost plan (assumed hereto mean
equal to or lower than long-run marginal cost). Thefailure of the private generation
approach would require CEL to proceed immediately to acquiretwo 37.5 MW gasturbines
for 1995, and another 37.5 MW in 1997, plusa75 MW oil-steam plant in 1998. With or
without private generation, CEL would continuewith rehabilitation of theoil-fired steam
unitsat Acajutlafor December 1995 and May 1996, and acquire asteam turbinefor its
combined cycle plant by January 1996.%

3.4 AVOIDED COST PRICING FOR
PRIVATE POWER

A preliminary analysisof marginal costs, and adjustmentsto them to establish
appropriate avoided costsfor valuing private power supply, ispresented below. Thecurrent
supply plan and forecast considered most likely by CEL and described aboveisused for this
analysis, with the avoided cost estimate derived form marginal cost analysesdonefor CEL in
itsrecent tariff study.™

3.4.1 Avoided Cost
Themain alternativeswhich have been used in the past in the United Statesfor

1CEL, Plan Complementario del Sistema de Generacion 1993 - 2010, Resumen Ejecutivo, SPDE/26/10/93,
PLANICEL; pp. 46-47.
CEL -Hagler-Bailly.
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estimating thepricefor private power purchasesfrom cogeneratorsor othersarediscussed
below. In principle, the method for determining the priceto bepaid for privately generated
power should besimpleto useand permit adjustmentsover timefor contingencieswhich
might arise such aschanging exchangerates, taxes, inflation, etc. Intariff design, the
principlethat rates should reflect marginal cost of supply hasbeen generally accepted as
economically efficient. Thisbasisshould ensurethat national economicresourcesare
allocated efficiently within the power sector and when applied to tariffsand combined with
non-distorting adjustment for achieving an appropriate return on rate base, shouldresultina
fair allocation of costsamong customers according to the coststhey impose on the system.
Applying themarginal cost principleto purchasesfrom cogeneratorsleadsto asimilar result,
that is, power suppliedisessentially worth the cost "avoided" by the utility.

Avoided costsconsist of two parts, an energy component, whichisbased onthe
short-runincremental operation cost of the utility, adjusted for losses; and acapacity
component, whichisbased onthe marginal cost of new capacity, also adjusted for losses.
Thebasic objective of avoided cost pricing istofind afair and readily implementable means
for determining thevalueto the utility for additional private generation. While short-run
costsarerecognized asthe correct economic basisfor pricing, they can fluctuate widely from
year toyear. Other bases, such asaverage short-run costsor long-run marginal cost are
often used to approximatethiscost, sincethey offer amorestable basis.

In order to achievetheleast-cost for purchased power, competitive biddingisalso
being introduced in many countriesfor acquisition of large blocksof power. Inthiscase,
avoided costs may be considered aceiling, with the utility attempting to purchase each
successiveblock of power needed at thelowest pricesand presumably from the most
efficient producer.

Several factorsenter into the valuation of private power and computation of pricesto
bepaidfor it. Themost prominent factorsare:

C Reliability--towhat extent will the power generated beavailablewhen
needed and in the amount needed?

C Energy and capacity value of power--how arethevaluesfor kWh'sand kW's
supplied to be determined? What utility costsare displaced by private power
sources? Arethese merely short-run operating costs(e.g. for cogenerators of
small amountsof non-firm power), or do they offset new capital investment
by the utility?

C Balancebetweenincentivesto cogeneratorsand consumer costs.
C Transmissionanddistributionimpactsandlinelossdifferencestobe

achieved dueto thelocation of the cogeneration capacity inrelation to loads,
ascompared tolocation of utility capacity.

A variety of approacheshave been applied to estimating of avoided costsand
establishing private power prices, includingthe" Peaker Method", " Averagel ncremental
Cost", "Generation Expansion”, " Competitive Bidding" and " Standard Offers'. These
approachesarebriefly discussed inthe box below:
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3.4.2 Application of Avoided Cost Principlesin
El Salvador

A number of consideration specificto the case of El Salvador must beconsideredin
estimating avoided costs. Theseare apart from prospective new electricity policy andlaw in
El Salvador which the Government isnow considering.

3.4.2.1 Investment Funds Shortage and Loan Subsidies.

Theexistenceof loan subsidiesto CEL frominternational donorswarrantsspecial
attention. Financial subsidiesintermsof grantsor bel ow-market interest |oansreceived by
CEL tendto lower actual CEL cost. Subsidized sourcesof finance provideadistorted signal
relativeto the cost-effectiveness of private generation, andif used asabasisof comparison,
would put private generatorsat an inappropriate disadvantage. Considering that subsidized
financing isawaysrationed and can betransferred to other public purposeswith nolossto
the country, it would appear inappropriateto utilize subsidized financing termsin
considering therelative benefit of privateversuspublic power supplies.

Thecurrent termsof CEL'slong-term debt, and in some casesjoint debt with CAESS
and/or the GOES, is presented below. Total long-term debt amounted to $278.7 millionin
major loansas of November 1993. These consist of loansfrom the Inter-American
Development Bank for $125.9 million, Overseas Economic Cooperation Fund (OECF)
$72.9 million and CITIBANK and Eximbank $43.2 million, aswell asthe World Bank
$11.0 million, among others. Termsfrom major lendersare shownin Table 3.6 below.
Costsinthe case of OECF fundsareclearly heavily subsidized.
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Avoided Cost Options

1 Peaker Method: In this method short-run marginal operating costs of the utility system are
used for valuing energy supplied, and capital costs avoided are assumed to be equal to the annualized costs of a new
combustion turbine or other peaking facility (including O& M, fuel inventory costs). Adjustmentsfor reliability (e.g.
required additions to reserve margin) and forced outage adjustment are also normally made. Comment: This
approach is convenient and relatively easy to calculate. However, the approach may also underestimate actual
avoided cost, as the long-run costs of new basel oad generation would normally be higher than a peaking unit.

2. Average I ncremental Cost Approach This approach is similar to the peaker method and also
utilizes the capital and operation cost of an "avoided" unit in the generation mix. However, rather than only use a
peaking unit, it would normally use the next expected generation unit in the optimal generation expansion plan, asthe
basisfor estimated avoided cost payments for the private generator. Differencesin reliability of the private generation
versus utility power production may beincorporated. Comment: While this method is simple like the peaker
method, it is likely to be more accurate, although till only a rough estimate of avoided cost, in that it does not
consider other system effects or costs based on the planned dispatching of the "avoided" unit, or exact project timing.

3. Generation Expansion Plan - Differential Revenue Requirements Method This approach
requires the modeling of the system over a substantial period of time, e.g. 25 years, with the development of aleast-
cost expansion plan for the period. Addition of the private power project into the plan or deletion (or delay) of a
planned additionsis used to generate arevised least-cost plan, together with revised fund requirements each year.
Differences in the present worth of required revenues due to the private project are the amounts which could be paid
the private generator. Comment: The cost, data intensiveness and time consuming nature of this approach are the
principal disadvantage. Small increments of capacity such as cogenerated power generation would not normally
justify such an analysis.

4, Competitive Bidding This approach is meant to approximate the results of a free-market for
power supply. It is based on the utility requesting offers which may differentiate based on type and size of capacity,
timing, reliability, and basel oad-intermediate-peaking needs. The utility would compute its avoided cost, for example,
utilizing the generation expansion method above, to establish abaseline for evaluating proposals. Other factorsthan
price would affect the evaluation, including the utilities judgement of the capability of the bidder, fuel type and future
cost of fuels proposed, type of generation and perceived reliability and performance, etc. Comment; This method
would only work with a substantial number of willing bidders, with the utility committed to purchase and facilitate
arrangements once bids are accepted.

5. Standard Offers. Wherethe size of individual projectsislikely to be small, for example, in systems
with sugar industry cogeneration of electricity and steam, or with initial small private projects, another option isthe
"standard offer". After calculating its avoided cost, the utility prepares a standard offer similar to a power sales tariff.
Comment:: This approach avoids costly negotiation and analysis by the private generator, and is likely to be
conducive to sales from small-generators. The offer will normally differentiate respectively, between only energy
purchases, firm capacity supplied, dispatchable capacity, etc.
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TABLE 3.6: FINANCIAL TERMS OF PAST AND PROSPECTIVE CEL BORROWING

Financing Terms Inter-American Overseas Economic CITIBANK & World
Development Bank Cooperation Fund Eximbank Bank
Amortization 20 years 20 years 5-7years 15 years
Period
5years 10 years 6 months 3-5years
Grace Period
7.29% 3.0% LIBOR + 7.8%
Interest Rate 0.375%-0.55%
1.0%
Inspection &
Review Fund
0.75% 1.0% 0.125-0.1875% plus 0.75%
Credit 5.06%-6.33% (Flat)
Commission or
Guar antee

3.4.2.2 Short-term Capacity and Energy Shortages

Another factor affecting the value of cogenerated electricity during the next 3-
5yearsin El Salvador isthe general shortage of energy and capacity. Under ordinary
circumstances, it would be appropriate to determine avoided cost, including

seasonality, time of day, and " firmness' and then to set avoided cost payments

accordingly. However, dueto a current shortage of energy and capacity, CEL is able
to utilize any additional capacity regardless of the time of year to avoid unserved

energy and more fully achieve reserve criteria. Thus, even if sugar sector
cogener ation wer e seasonal, and therefore did not provide " firm capacity" all year,

the value of this capacity to CEL in the near-term is still equal at a maximum to

seasonal and daily peak avoided cost during each period, and at a minimum to the
value of unserved energy. Furthermore, from a review of the seasonality of
hydroelectric energy and capacity available in El Salvador, it is clear that the dry
season where hydroelectricity is least available, is also the harvest period during which
the majority of sugar cogeneration would be available. For example, available hydro
capacity using 1993 data on reservoir levels for the two main storage reservoirsin El
Salvador, Guajoyo (Guija) and Cerron Grande, showed that decrease or outflows due
to dry conditions were in December - April, while maximum inflows werein May to
October -November, that is, outside the cane harvest season.®

In the short-term however, particularly given the relatively small amount of
cogeneration from industrial sources such as the sugar industry, explicit GOES and
CEL incentives, such as payment of full-peak season avoided cost for all cogeneration
in order to stimulate development of this resource, would appear to be a reasonable
option. In the future, when and if the CEL system can again operate without unserved

energy, and with adequate reserves during all seasons, etc., then seasonality and

hourly availability characteristics would become relevant for determining avoided

ecEL , "Reporte Mensual de Operacion del Sistema CEL," Septiembre 1993, pg. 25.
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cost payments.
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3.4.2.3 High-Cost of Marginal Energy Supply

A review of CEL marginal costs showed the high cost of current energy and
capacity shortages. During the period January 1993 to September 1993 for example,
CEL suffered from unusual overhaul, unavailability or failure of some or all units of
the Ahuachapan, Acajutla, Miravalle, and Soyapango facilities. Partly asa
consequence, it was necessary to utilize higher cost diesel at Acajutla and San Miguel
throughout the period, except for September. Costs per kWh for fuel alone averaged
0.68 colones’kWh (US $0.077/kWh) for San Miguel and 0.58 coloneskWh (US
$0.066/kWh) for Acajutla. Asa result, the average cost of fuel for all thermal
generation was a very high 0.516 coloneskWh (US $ 0.059/kWh). As can be seen as
well in Figure 3.2 and Table 3.7, " Diesel Requirement”, the prospective operation for
1994 shows that the available capacity from lower cost generation capacity, that is,
hydroelectric, geothermal and bunker oil-fired capacity, will be substantially below
requirements to meet peak demand. Therefore, high cost peaking capacity using
diesel (Acajutla and San Miguel) will be called upon to meet from a low of 42 MW
(8%) of annual seasonal peak demand to a high of 148 MW (28%) when demand is
projected at 523 MW demand. Implied in these figuresis a substantial requirement
from high cost diesel burning facilities. *’

TABLE 3.7 CEL PLAN OF OPERATION - NET AVAILABLE CAPACITY 1994

Month

Jan Feb | Mar Apr | May Jun Jul Aug Sep Oct Nov | Dec

Hydroelectric 369.6 | 2853 | 277.3 | 266.3 347 302 312 378 378 378 | 3786 | 378.
6

Geothermal 38.1 41.8 46.6 40.9 41.2 40.1 37.3 38.2 45.9 45.6 469 | 524
AcajutlaBunker 63 63 63 63 63 63 34 34 34 34 63 63
MiravalleBunker 5 5 5 5 5 5 5 5 5 5 5 5
AcajutlaDiesel 136 136 136 136 136 103 136 136 136 136 136 136
S. Miguel/Soyapango 23 23 23 23 23 23 23 23 23 73 73 73
Tota 634.7 | 554.1 | 550.9 | 5342 | 6152 | 536.1 | 5473 | 6142 | 621.9 | 6716 | 7025 | 708
Demand 518 503 526 523 535 524 515 514 516 540 545 | 575
Reserve 116.7 51.1 24.9 11.2 80.2 12.1 323 | 1002 | 1059 | 1316 1575 133
Diesel Requirement 423 | 1079 | 1341 | 1478 788 | 1139 | 1267 58.8 531 774 515 76

17CEL, "InformeMensual...," pp. 11-18.
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FIGURE 3.2:. CEL NET AVAILABLE CAPACITY
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3.5 GENERATION EXPANSION PLAN AND
ESTIMATION OF AVOIDED AND LONG-RUN
MARGINAL COST

CEL maintainsboth short and long-term investment plansand hasjust completed a
major study of marginal costsand tariffs, whichisthe primary basisfor avoided cost
calculationsinthissection.’® Theanalysisprovidesestimated long-run marginal costona
basissimilar towhat isnormally termed " short-run marginal cost” in other avoided cost
analyses. Theessential differencesarethat short-run cost, strictly speaking, refersto
responseswhichtake place solely with existing equi pment,so they include no capital cost
component. "Short-run margina” costsrefer to thoseincurredin responseto anincreasein
demand whichissustained indefinitely into thefuture, and to corresponding capital
investment for peaking facilitiesto maintain systemreliability giventhisincreased
demand.*® "Short-run marginal costs" asdefined herefor avoided cost analysispurposes
thereforereflect the optimization of the system not just for agiven hour, but for anincrease
sustained inthefutureincluding capital investment requirements. Thesecosts, convertedto
an amount per kWh, reflect the"life-cycle" concept utilizing the annualized cost for a
specificincrementindemand..

3.5.1 Marginal Energy Costs

Ananalysisof energy costswasundertaken for theentireyear, with classification
into dry and wet seasons respectively, and peak, mid-peak and outside peak periods. Thisis
the necessary approach both to cal cul ate the average marginal energy cost properly, aswell
asto permit seasonal and/or time of day rate making. Inthe case of analysisof the avoided
cost for small amounts of cogenerated power, to undertake so comprehensivean analysis
would normally not be necessary. However, theavailability of thisinformation doespermit
amorerefined analysisand allowsclarification of animportant issue, that is, therelative
marginal cost during the dry and wet seasons.

Marginal energy costs arethe cost to supply amarginal or incremental KWh during
each hour of theyear. The generating system isdispatched (additional kWh'sgenerated by
additional plantswhich arebrought into service) inaso-called "merit order”, that is, inthe
manner that always usesthe lowest cost source of energy givenreliability, maintenanceand
other constraints. Sincethelevel of demand variesby hour of the day, day of theweek and
time of year, thetype of plant generating thisincremental kWh will also vary. Normally low
operating cost plantssuch ashydro, geothermal, and bunker oil fired plantsare loaded first,
with higher operating cost plants such asgasturbinesand dieselsunitsused last. Marginal
energy cost analysisrequiresan estimate of which plants generate the marginal energy
during each hour of the year, thetype, and fuel and variable O& M costs.

18CEL-RCG/He\gI er, Bailly, Inc. "Estudio del Sistema Tarifario del Subsector Electrico, Informe Final",
Julio 1993.

9\ certain instances generation is added which not only meets peak demand, but also reduces operating
costs. Thisis normally the case when one uses the incremental plant or system planning method for avoided
cost analysis.
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Table 3.8 a-d providesbasi c assumptions used for determining marginal energy
costs, and cal cul ations of seasonal and time of day costsfor three hydrological conditions
(with associated probabilities): normal, low water and high water. The estimate of marginal
energy cost normally involvesuse of ageneration dispatch model of the marginal plantsfor
each of thethree daily periods, and for each season. For simplification, theanalysisfor CEL
used two plants, which werefound to bethe most likely peaking units selected for each
period, and based on their estimated percentage of use, cal culated the marginal weighted
energy cost (Table3.8b-d). Datafor representative generation plansand utilization for the
year 1997 isused asaproxy for plant selection. Inthetable under the normal hydrologic
condition (Table 3.8 b), one can see that peak energy is provided 35% by alarge gasturbine
and 65% by combined cycle generation. Their respective variable costs, US$0.0722 and
US$0.054 are averaged on aweighted basis using percentages of use, and an average of
US$0.0604 is cal cul ated. Following the cal culation for each of thethree hydrological
conditions, aprobability welghted average marginal energy cost by period and seasonis
calculated below Table 3.8 d. Thishydrological probability weighted averageisused for
avoided cost analysisin Table 3.10. °

Thecostsshownin Table 3.8 for various generation optionsdemonstrate the
differencesbetween the base, intermediate and peaking plants. Basel oad hydro plant costs
arenot shown, asthese are nearly zero and not used for meeting peak demand. Peaking
hydro also hasnearly zero variabl e costsand isnot considered for meeting incremental
demand asitisawaysalready fully used given the system requirements, and thereforeis not
oneof the optionsfor meeting increasesinload. Annual hoursof utilization indicatethe
duty each typeisexpected to provide. These utilization ratesare determined by relative
variablecosts (andreliability criteria) as shown in the 5th and next-to-last columns, varying
from US$0.0979 (fuel costsalone) for the small gasturbineto US$ 0.0024 for geothermal
generation. Thethreeremaining partsof thetable c-d, show the cal culation of seasonal and
daily demand period costs. Using the dry season peak period and low water conditionsfor
comparison, we can seethat variable costsreach ahigh of US$0.0735. Thelowest variable
costsof US$ 0.0258 are for wet season off-peak and high water condition. Thisrange, US$
0.0735 - 0.0258 reflect the significance of using seasonal and daily cost basesto set prices
for privatepower.

20)¢ should be noted that for tariff purposes these marginal economic costs are converted into estimated local
costs by dividing by the standard conversion factor, and are adjusted for unrecovered revenues.
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Source: CEL-RCB/Hagler, Bailly Inc. Cuadro 5-3.
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3.5.2 Marginal Capacity Cost

Table 3.9 showsthe marginal capacity costsfor both the"peaker” and incremental
plant methods. Here againthe CEL tariff study isthe basisfor thiscalculation. The peaker
methodol ogy assumesthat theincremental capacity during any peak period will be supplied
by thelowest capital and highest operating cost unit, that is, a peaking plant. The
incremental plant method issomewhat morerealistic, inthat it attemptsto utilize the actual
plant addition which isexpected to be added to meet growth in demand. However, withthe
incremental plant method, the additional benefit that the plant will aso normally displace
some of existing kWh'sgenerated by higher cost plants must be taken into account. The
normal procedureisto use such fuel savingsto reducethe capital chargefor thisplant
(shown below thetable).?

Thetable shows, for example, for the peaker method, basi c economic assumptionson
plant cost, lifetime, O& M costs, foreign vs. local costs(local costsare adjusted using the
IDB's 1992 conversion factor of 0.87 to convert to economic or border prices), and
calculated annualized capital cost. Inthe caseof theincremental plant method, fuel savings
arecalculated and subtracted from capital costs. Thisapproximatefuel savingscalculation
assumes the operation of acombined cycleto replacealarge gasturbinefor 785 hours per
year, and alarge gasturbine replacing asmall gasturbine for 212 hours per year.

Costsfor the peaker in colonesat border (economic) pricesis 3,554 colones/kW
(US$386/kW), or adjusted for reserve margin and station | osses 4,868 col ones/kW
(US$529/kW) or 652 colones’kW on an annualized basis. The annualized capital cost of a
combined-cycleunit, whichisthe optimal choiceusing theincremental plant method, 1230
colones/kW, lessfuel savingsof 169 colones’kW, or 1,516 coloneskW. Thefinal
annualized costincluding O& M for eachis: "Peaker" 782 colones/kW vs."Incremental
Plant" 1,766 colones/kW. Whiletheincremental plant may be anearer approximation to the
actual addition planned, not al of the capacity added isactually strictly for meeting
incremental demand. That is, thishigher capital cost plant isalso added to reduce energy
costsfor non-incremental sales. Onthe other hand, the peaking plantisclearly only being
added to servetheincremental demand. Neither capital cost can be considered better than
the other, although for reasons of simplicity and cost of analysis, itismore common to use
thepeaker method.? The peaker method isthe one employed herefor calculating the
capacity component of avoided cost.

21ICF, Inc. "Costs and Rates Workbook, Part I: Textbook," EPRI, September 1981, pp. 3-5to 3-36.
22ICF, Inc. "Costs and Rates Workbook, Part I: Textbook," EPRI Rate Design Study, Sept. 1981, pp. 3-27 -
3-34.
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TABLE 3.9A: GENERATION CAPACITY COST
PEAKER AND INCREMENTAL PLANT
(1994 Costs in Colones)

Peaker Incremental Plant

M ethod Method
Marginal Plant GasTurbine Combined Cycle
Life(years) 20 30
0O&M and A& G (% of capital) 0.0268 0.0184
Capital Cost (colones/kW)

Foreign 3,010.50 10,023.05

Locd Materias 1,115.04 1,237.44
Capacity Cost (discounted to study year)

Border Price 3,5654.09 9,910.38
Capital Cost (colones/kW) 4,868.12 13,573.00
Capital Cost per Y ear (coloneskW/yr) 651.74 1,685.00
Associated Fuel Savings (colones/kW/yr) -- 168.51
Capital Cost Net of Fuel Savings (coloneskW/yr) 651.74 1,516.50
O & M Cost per Y ear (coloneskW/yr) 130.47 249.74
Total Capital Cost per Y ear (colones’kW/yr) 782.20 1,766.24

TABLE 3.9B: FUEL SAVINGS CALCULATION (INCREMENTAL PLANT)

Generation Type Cost (colones’kWh)--Linked Hrs/Yr | Savings

KW
New Original New Original
cC gtl 0.4486 0.5994 785 118.44
gtl gts 0.5994 0.8126 212 45.18

Total Fuel Savings =

163.62

Source: Update to Cuadro 5-6, CEL-RCG/Hagler, Bailly, Inc.

3.5.3 Avoided Cost

Table 3.10isused to calculate avoided cost. The concept of avoided cost includes
both energy and capacity asdoes marginal cost, however it variesfrom marginal cost inthat
withavoided costs, weareinterested only in coststo thelevel at which cogenerated power
will off-set CEL generation. Inthe case of energy cost by season and time of day,
adjustment ismade only for average high voltage transmission lossesand station | osses.
Marginal cost on the other hand, normally correspondsto the end user level and would
includedistribution, transformation and non-technical losses. Inthecaseof capital costs,
adjustment ismadetoincludeonly peak period high voltagetransmission and station losses,
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and for lack of reserves provided by the cogenerator. Thislatter adjustment ismadeto
reflect the fact that for any new demand of 1 kW, CEL costs must reflect this1 kW plus
additional capacity to provideareservemargin. Thusif an additional 1 kW of cogenerated
capacity isadded, it offsetsonly apart of 1 kW plusreserverequirement faced by CEL. The
CEL tariff study has used areserve percentage of 33% or 0.33 kW addition for each 1 kW
of new demand.”

Thelast difference between avoided and marginal costsisthat transmission capital
costsareexcluded from avoided costs. Theseare excluded sinceitisnot realistic to think
that addition of small amounts of cogenerated power will actually reduce the need for high
voltagetransmission. Itispossiblehhowever, that additional benefitsin substation costs,
distribution linelossreduction and quality of servicemay result from such decentralized
generation. Ananalysisperformed by CAESSto estimate these benefitsin the cases of the
San Francisco and La Cabafiamills appearsin the next section.

Thetotal avoided cost estimatesfor 1994 in Table 3.10 range from ahighin the dry
season during peak hours of US$ 0.0823/kWh to alow for the wet season off-peak of US$
0.0480/kWh. Averaging wet season marginal costs using weighting according to base,
intermediate and peak hoursin each daily period givesa1994 avoided cost of US$
0.0685/kWh. The corresponding average for the dry season is US$ 0.0745/kWh.

23| should be noted that these val ues reflect an average marginal cost based on a"representative” situation
estimated based on 1997 plans and dispatch of the system; actual costs vary by year only dueto differing
lossestimates. All arein 1993 currency terms.
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TABLE 3.10: CALCULATION OF AVOIDED COSTS

(1994 US$'s)
Rainy Season Dry Season

Hours Peak Mid- | Off-peak Peak Mid- Off-
peak peak peak
Margina Energy Cost 0.0668 0.0634 0.0363 | 0.0677 0.0617 0.0546
HV and Station L osses 8.6% 8.6% 8.6% 8.6% 8.6% 8.6%
L oss-Adjusted Energy Cost 0.0730 0.0692 0.0396 | 0.0739 0.0674 0.0596
Annual KWh/kW Capacity 7,500 7,500 7,500 | 7,500 7,500 7,500
Short Run Capital Cost/kWh* 0.0115 0.0115 0.0115 | 0.0115 0.0115 0.0115
Peak HV and Station L osses 8.4% 8.4% 8.4% 8.4% 8.4% 8.4%
Loss Adjusted Capital Cost 0.0125 0.0125 0.0125 | 0.0125 0.0125 0.0125
Reserve Adjusted Capital Cost** 0.0084 0.0084 0.0084 | 0.0084 0.0084 0.0084
Total Avoided Cost 0.0813 0.0776 0.0480 | 0.0823 0.0758 0.0680

Daily Averagefor Season US$0.0685/kWh US$0.0745/kWh

* Peaker method (seetext.)

** Reserve requirement reduction factor = 0.67

Reference: Hagler Bailly, Estudio del Sistema Tarifarico del Subsector Eléctrico, Julio, 1993, Cuadros 5-
10, 5-11 (HV and HV peak losses) and Cuadro 5-13 (short-run capital costs)

3.6 TRANSMISSION AND DISTRIBUTION
SYSTEM IMPACTS

In addition to affecting CEL 'sfuture generation cost, purchasing power from sugar
millswill asoimpact the performance and cost of operating and expanding thetransmission
and distribution system. Power generated whereit isnot needed must betransported to
whereitisand distributed to users. On the other hand, amill producing power at alocation
with growing demand and inadequate power line or substation capacity may offer benefits
beyondthetraditional avoided generation cost estimated above.

Two of themillsincluded in this study, San Francisco and La Cabaria, are served by
apower line extending along the northern arterial highway from San Salvador. Thisline,
circuit number 109613 from CAESS' Negjapasubstation, now experiencesresi stancelosses
of 935 KW and delivers power to customers at itsremote end in the village of Citalaat just
over 90 volts. To determinethe effect of importing power from the mills, the Planning
Department at CAESS used theload flow simulation model MILLSOFT in an analysis of
four cases: 1)the present situation, 2) San Francisco exporting 6 MW alone, 3)La Cabaria
exporting 5.4 MW alone, 4)and the two mills exporting atotal of 6.3 MW.*

Asshowninthefollowing table, the effect of the mills supplying about 6 MW to the
system would beto increase the minimum voltage on the line by 15 voltsand to reduce

24Departamento de Planificacion, Compafiiade Alumbrado Eléctrico de San Salvador, Analisis de
Cogeneracion - Ingenios San Francisco y La Cabafia, Mayo, 1994.
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losses by approximately 500 kW, equivalent to eight percent of theamount delivered by the
mills.

TABLE 3.11: LOAD FLOW SIMULATION RESULTS

CASE MAXIMUM MINIMUM LOSSES
VOLTAGE VOLTAGE

1 1200V 90.7V 935 KW

2 120.2V 104.8V 457 KW

3 120.2V 105.9V 484 KW

4 1206 V 106.7 V 426 KW

Source: CAESS Planning Department

Theanalysisgoeson to point out that eight kilometers of new three phaselinewould
be needed to connect the mills, and that whilethe millscould deliver several timesthe
postulated 6 MW, larger volumeswoul d create excessivevoltagesin theimmediate vicinity
inthe absence of increased local demand. Thusin order to take full advantage of the 27
MW of combined capacity at themills, CAESSwould havetoinvestinadditional line
capacity to transport the power south toward the capital. Inthisregard, theentireline
currently servesaload of only 19 MW, so the direction of the current would bereversed
south of themills.

The CAESS Planning Department did not go so far asto estimate theinvestment
requirementsfor controlling thelossesal ong the lineand bringing minimum voltagesup to
standard with and without higher levelsof power output from themills. However, the
analysisdoesillustratethat the effect of cogeneration onthelocal transmissionand
distribution system can besignificant and, in someinstances, positive.
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4.0. ECONOMIC COSTS AND BENEFITS

Thepreceding two chapterspresent estimatesof cogeneration system performance
and cost at each mill and project the value of power that could be produced by the sugar
industry in the context of CEL 's system and cost structure. The purpose of thischapter isto
integrate these supply and demand considerationsin an analysisthat providesasense of the
profitability of possibleindividual cogenerationinvestments, aswell astheir collective
potential contributionto meeting future Sal vadoran el ectric requirements.

4.1. ASSUMPTIONS

For purposesof calculating returnsoninvestment, the value of the energy exported
to CEL isassumed to be US$0.075 per kWh during the dry season from November to April
and US$0.69 during the remainder of the year when hydropower ismore abundant. These
figures correspond to the avoided costsin Table 3.10in the previous chapter, with thedaily
peak, mid-peak and off-peak componentsaveraged over time, sincethemills outputsare
nearly constant throughout theday. Inthisanalysis, the value of power suppliedto CEL is
not expected to changein real termsover the course of any project.

Thetime-value of money isreflected at areal disount rate of 12 percent per year,
whichisconsistent with the utility avoided cost cal culationsin the previouschapter. Debt
leveragingisignored for simplicity, and profitability isexpressed intermsof total pre-tax
returnson employed assets. Including tax implicationsof cogenerationinvestmentswould
haverequiredintimateknowledge of theindividual mills financial circumstances, and
cogeneration costs derived without taxesare more nearly comparableto CEL 'savoided
costs, as discussed in the preceeding chapter. Theunit cost of bunker oil isUS$14 per
barrel, asindicated in Chapter 2, and savingsfrom eliminating present mill electricity
consumption are valued at the same US$0.075 per kWh, since crushing occursentirely
withinthedry season.

Theassumed project economiclifeis20 years, based on the predicted longevity of
thelarger itemsof capital equipment. Although useful for illustration, thisduration may not
be reasonablein certain specific circumstanceswherethe mill in question may facean
uncertain futurefor other mechanical or economic reasons. Themillsareassumedto
generate steady output whilethemill isrunning (based onindividual downtime experience)
during the grinding season and at 90 percent availability during the off-season. A highlevel
of reliability isnecessary in order to represent firm capacity to the CEL system. Achieving
adequatereliability will requireimprovementsin the operation of some of themills, but the
reduced downtimewill benefit themintermsof improved sugar production and lower costs.

Theanalysisalso assumesthat higher-pressure boilersand new turbinegenerators
would be purchased for the sole purpose of cogenerating electricity. Whileboilersarethe
most expensive singleitemsinthe systems, they must occasionally bereplaced or
refurbished to keep the mill in operation. If aboiler isreplaced for other reasons, the added
cost of ahigher pressureratingislikely to besmall inrelation to thetotal price, making
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cogeneration more profitablethan in the cases presented here. Furthermore, the power
availablefor export could be enhanced as much astwo- or threefold by reductionsin mill
process steam requi rements, which may become cost-effective asaresult of accesstoan
attractive market for the power. Ideally, onewould design acogeneration system into any
new mill so asto achieveaasubstantially lower incremental capital cost of construction and
possibly with abetter optimized overall plant configuration.

4.2. RESULTS

Table4.1 below presentsfor each mill the estimated returnson investment for the
two different cogeneration configurationsdiscussedin Chapter 2. Both utilizeall of the
available bagassefor cogeneration during the crushing season, and they achieveyear-round
operation to makemore efficient use of the capital invested in boilersand generatorsby
burning oil asasupplemental fuel while caneisnot being processed. Detailsof the
economic eval uation appear in Appendix C.

TABLE 4.1: COGENERATION RETURNS ON INVESTMENT
(PERCENT PER YEAR)

MILL HIGH PRESSURE LOW PRESSURE
Central l1zalco 24.06% 20.97%
El Angel 21.71% 18.84%
Ingenio Jiboa 21.12% 18.08%
LaCabaiia 25.56% 23.39%
San Francisco 19.56% 16.93%
Cahparrastique 17.80% 15.86%
El Carmen 12.07% 9.77%
LaMagdaena 11.95% 10.05%
Chanmico 14.37% 12.44%
Ahuachapan 0.34% -1.28%

Instead of calculating return oninvestment for apostul ated value of the power
generated, one can estimate the price at which the power must be soldtoyield areal annual
return equal to twelve percent. Combining pricesderivedinthisway with the power
production ratesfrom Chapter 2 allowsoneto create " supply curves' corresponding tothe
two generation schemes. These appear below, illustrating how much cumul ative energy
could be supplied by the sugar industry at agiven pricefor purchased power. Notethat
higher boiler pressuresboth reducethe cost of the power andincreasethe output.
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FIGURE 4.1: POTENTIAL ELECTRIC SUPPLY FROM SALVADORAN SUGAR MILLS
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4.3. DISCUSSION

Asthegraphindicates, six of the millsare ableto produce power for US$0.062 or
less per kWh at a steam pressure of 600 psi, and for US$0.058 or less per kWh at 900 psi.
The potential corresponding annual power salesvolumesare 473,000 MWh and 565,000
MWh respectively. Threeother millscould produce smaller volumesof power at
increasingly higher costs, and thelast mill, Ahuachapan, would be unableto produce surplus
power for export during the grinding season and has been excluded from the graph.

Replacing present |ow-pressure boilersandinstalling new turbogeneratorsat the six
promising millswould entail acapital cost of between US$1.50 and US$2.00 per watt of
capacity, depending primarily onthe size of thefacility. Incremental operating costsare
negligibleduring thefour to five month grinding season, when mill boilersarefueled by
bagasse. Becauseyear-round operationisnecessary to amortize theinvestment, and
seasonal supply isof lessvalueto CEL, the millswill probably need to burn bunker oil or
some other fuel for the remainder of theyear.

Other forms of biomass might be suitable as supplemental fuel. Canetrash
representsapotential fuel supply, approximately equal in volume and heating valueto the
bagasse generated in sugar production. Although harvesting, storage, and material handling
technologiesarelargely experimental, researchisproceeding onimproved methodswith
lower costsin Thailand and the Philippines, for example. A study based on harvesting trials
by Winrock International in 1990 concluded that baled canetrash could be deliveredto a
mill in Thailand at a cost equivalent, in heating value terms, to the price of Bunker C
assumedfor thisanalysis.®

The postul ated values of US$0.069 and US$0.075 per kWh are based on the
presumption of no uniquecostsor benefitscorresponding to power transmission and
distribution. Transmission capacity to the north from San Salvador isinsufficient to meet
demand intheregion surrounding Aguilaresand Colimawithout substantial linelosses, and
voltagesin Citalaon the border with Honduras are aslow as 91 volts. Accordingtothe
local distribution company'sload flow analysis summarized at the end of the preceding
chapter, power from the San Francisco or La Cabaramills could increase minimum
voltages, reducethe present high linelosses, and hel p to postponethe need for added
transmission and substation capacity to supply these northern communities. Infact, themills
have the potential to meet the entire demand served by CAESS circuit 109613 along the
northern arterial highway and still have power left over to deliver to San Salvador, but this
would require someinvestment to upgrade the south end of thelineto take full advantage of
thissupply.

Z\Winrock Internationdl Institute for Agricultural Development, Baling Sugarcane Tops and Leaves. The
Thai Experience, Washington, D.C.: U.S. Agency for International Development, 91-15, August, 1991, p.
XVi.
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4.4 CONSIDERATIONS IN THE BUYING AND
SELLING OF COGENERATED ELECTRICITY

Itisimportant for CEL to have anin-depth understanding of pricing and related
considerationstoimplement avoided cost or competitivebidding for cogeneration, even
though inthefinal analysis, the pricing and termsfor sale of electricity, and the manner in
whichitisprovided, must beaprocessof negotiation. Thefollowingisintendedto provide
background information for CEL on the actual process of contracting for the supply of
private cogeneration, including risk mitigation and contract issues. Themainrisksmay be
summarized asfollows:

44.1 Seller - Cogenerator

Theseller facesfour basic typesof risks: sales, payment, regulatory and political.
Giventhelarge capital investment by the seller, he must be guaranteed that power produced
can besold. Related to thissale, the amount to be paid must be reasonably certain to be
availablefor payment, and the price received must be adequate to cover future costs, even if
there should be some escalation. The salesof power and purchase arrangementswill be
subject to some sort of control or regulation. Thisregulation may involve such areasas
general legal authority for power generation and sales, regulation of priceterms, foreign
exchange control relativeto expatriation of profitsor |oan repayment, quality of serviceand
safety standards. Futurelegislation or political considerationscan al so affect risksfor the
seller by changing groundrul esfor cogeneration or changing the conditionsunder which
foreigninvestment ingeneral ishandled.

4.4.2 Buyer - CEL

Thebuyer facesthree general typesof risk. Theseare purchaserisks, maintaining
quality and continuity of service, and pricerisk. Thebuyer hasthe obligation to meet the
needsof itscustomers. Thebuyer may incur higher costsand other problemsif theseller is
unableto supply the power contracted. The greater the amount of the power inrelationto
the size of the system, the greater therisk. The buyer also assumes somerisk that the
operation of the seller may actually cause damageto the buyerselectricity system. Price
risksrefer to the potential that the buyer will pay too much, or that it may not be ableto
recover itspurchase costsfromits customers. Termsof the contract may betoo liberal for
exampl e, locking thebuyer into long-term arrangementswhich foreclose moreattractive
future opportunities, including purchasesfrom other cogenerators.

4.4.3 Power Purchase/Sales Contract

The contract for power salesfrom the cogenerator will cover anumber of specific
areas, generally specifyingthetechnical configuration of the plant and specifications; the
amount, firmness, dispatchability and seasonal or daily availability of energy and capacity to
be provided; interconnection requirements, including metering, protection equipment and
transformer characteristics; and the contract start-date, length and pricing. Among the most
important categoriesof conditionswill bethe contract term, frequency and form of payment,
sanctionsfor failure of either party to meet contractual terms, and meansto resolve disputes.
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4.43.1 Term of Contract

Theterm of the contract should be adequate to permit the seller both to recover his
investment and to earn areasonabl e rate of return. Theterm should also meet the buyers
need to ensure continuity of service. A term of 10 yearsisnormally considered aminimum,
however longer termsare necessary astheinvestment and useful life of thefacility increases.
A shorter term, for example, 5-7 years before any changes, might be preferable when
cogenerationisinitially implemented to allow adjustmentsin certain termsto be made based
on experience. However, thisshorter term should not unduly prejudicethe position of the
seller.

4.4.3.2 Form of Payment

Fixing payment termsin USdollars, or some equivalent currency, paid monthly
appearsto be appropriate, athough alternatively payment might bein colonesat the
prevailing free-market exchangerate, provided conversion and repatriation isguaranteed.
Thisisto account for the fact that much of the cost of cogenerated power isamortization of
capital expended for imported equipment, and loans may be denominatedinforeign
currency. Agreement on how to measurethe quantity of power sold and specifically how
energy and capacity loses areto be recorded and taken into account isvery important.
Sanctionsfor late payment are appropriate.

4.4.3.3 Determining Prices

Assuming the use of calculated avoided costsasabasisfor pricing, theremust bean
accord on the methodol ogy used, assumptionsfor projections. Pricesmay beset to provide
for seasonal and/or time of day marginal cost differences. Although the complexity of
performing seasonal pricing and thedisincentivefor cogeneratorsin thefirst stage of
implementing anew program, should beweighed against the potential efficiency benefits.
Whileafixed set of pricesinthe contract ispossible, itislikely tobe moreredlistic to allow
adjustmentsfor factorsbeyond the sellerscontrol, in order to permit adjustment if
assumptionsintheestimated investment financial analysischangeover time. For example,
if the cogenerator isusing oil asasupplemental fuel for out-of-season generation, then
international oil pricefluctuations should reasonably beincorporated asavariable, asmight
local labor and tax rates, etc.

Similarly to seasonal or time of day pricing, separate payment for the value of firm
capacity arepossible. Thisinvolvesseparating purchase pricesinto two elements, onefor
energy or variable cost, and the other for the cost of new capacity (which would otherwise
need to be added by CEL ) to meet demand. Separately dealing with whether cogeneration
capacity isfirm, that is, available at peak, may be particularly important where private
generationislarge, and whereit substantially affectsthereliability of the system. Inthecase
wherethereare only small amounts of cogeneration capacity however, capacity payments
whilenot inappropriate, may discourage cogeneratorsunnecessarily. Thisisthecasewhere
thefirmness of the capacity haslittle affect on thereliability of the utility, for example,
wherelarge quantities of hydro and hydro storageisavailable, when the cogenerationis of
very small-sizeinrelation to the system, or when the number of cogeneratorsislarge
(increasinggroup availability probabilitiesover individual probabilities).
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4.4.3.4 Competitive Bidding

While avoided costs are an appropriate benchmark, and we believe an appropriate
basisfor initial cogeneration contracts, it would normally be morefinancially advantageous
for CEL to use competitive bidding for large purchases. 1t would not appear reasonable
however, inthe short-term when no clear competitive market existsfor cogeneration, to
expect competitivebidding either to encourage generationto be offered or toinfluence price
termssignificantly.

Inthe sugar industry, aswell asother enterprises, ancillary power generation isnot
likely to beamajor factor inthe near-termin overall profitability. Significant investmentin
additional power generation capacity on the other hand, would increasefinancial risks, alter
operations, andincreasethecompl exity and possibleoutsideinterferencein production.
Furthermore, the private sector in El Salvador appears hesitant about contractual
arrangementswith government and CEL , and could not be expected to be aggressivein
bringing cogeneration on-linewithout adistinctly positiveenvironment. The secondary and
potentially significant additional benefitsof decentralized generationin El Salvador, that is,
reduction of distribution system|ossesand investment requirementsandimproved power
quality, arealso likely to bedifficult for the private generatorsto quantify and properly
reflectintheir bidding.
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System Design Par ameter s
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APPENDIX B

CEL L east-Cost Expansion Plans
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EconomicEvaluation

86



