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ELECTRIC POWER

BUMMARY AND RECCMMENDATIONS

1. ;nstifutional Framework

The production and distribution of electricity is operated under
the authority of the Ministry of the Economy. CEL is the autonomous
institution in charge of generating and distributing electric power
and although it faces numerous constraints, it is a generally
efficient and professional company. The institutional framework
of the power sector is sound.

2. Distribution

As a result of the GOES terminating distribution company conces-
sions in 1986. minimal investments were made in the previous decade
since then. Thus, the distribution system is overloaded.

Recommendation # 1

The GOES should seek a settlement and proceed to set up viable
operating entities. If needed investments are not made, emergency
measures may soon need to be implemented to avoid more rationing.

Also, there appears to be insufficient plans to manage the
distribution system once this settlement is reached.

Recommendation # 2

Plans shouid begir now to set up such a system. One option under
consideration is to set a country-wide distribution utility with
the participation of private capital in financing and management.
To become an attractive investment, it would have to be established
on a sound institutional and financial basis. The GOES could
nominate a committee to prepare a proposal on this matter.
Investments in distribution could then proceed more effectively.

3. Finance

CEL is in a difficult financial situation. The company has been
losing money since the 1986 devaluation. At that point, debt and
debt service increased more than twofold without any compensating
tariff adjustment or debt restructuring. To compound this problem,
tariff adjustment procedures are complex and arrears are due from
public entities.

Recommendation # 3

ISA Consultants have devised the following set of financial
recommendations:



- There should either be a utility regulation agency to
support needed adjustments or CEL should be given the
authority to adjust tariffs to compensate for increases
in operating costs and debt payments. This authorization
should not be for a one time adjustment only. CEL needs
tc be allowed to continuously adjust its tariffs
according to the specified financial criteria.

- There is a need for a comprehensive tariff study to
analyze tariff adjustment requirements and deal with the
above issue.

- ISA estimates that the minimum real rate increase needed
is approximately 14 percent over the 1988 period. This
should be phased in gradually to avoid a consumer price
shock and keep a positive business climate.

- The number of tariffs should be reduced to six, one for
each type of user. The number of blocks should also be
limited. This will cut administrative costs.

- CEL's debt should be rescheduled given clear investment
objectives. This will permit a gradual implementation
of this increase.

- Arrears by State Enterprises should be paid to CEL.
4. anned Ene Use

The present situation of low tariffs and lack of power directly
limits investment and maintenance while increasing demand, <%hus
jeopardizing the power supply situation. Also industry has little
incentive to conserve energy, modernize energy use, and schedule
energy use to reduce CEL's load factor. The demand charges on the
current tariff schedule are insignificant. Thus, users have no
incentive to reschedule energy consumption.

As a result, an expensive generation facility may soon be required
to meet increased peak requirements.

eco ti 4

Implement an effective industrial demand charge to reduce CEL's
heavy load factor.

5. Generation

The most serious generation problem is the rapid siltation of E1
Salvador's most important reservoirs. The capacity of the Cerron
Grande Reservoir, on the Lempa River, at its current rate, wiil be
gone in 10 years. Deforestation is a major contributing cause to
soil erosion and siitation, but the dumping of urban refuse from
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the San Salvador Metropolitan Area is another Jmportant factor.
Since dredging is not an economical solution, reservoir siltation
cannot be reversed.

Recommendatijon # S

CEL should proceed on an emergency basis to repair collapsed drop
structures and add check dams and other soil containing structures
on tributaries to the Rio Iempa, such as Rio Acelhuate and Rio
Sucio. Mid- and long-term measures such as sewage treatment,

collection of urban refuse, and reforestation should be planned for
immediate implementation. A study of urban refuse and dumping is
needed.

Geothermal power plants can have a strong negative environmental
1mpact. Currently, water from the existing central geothermal unit
is let into national water ecosystems without prior treatment. This
hct water contains high concentrations of minerals and acids.

Steam from the planned wellheads will also contain these elements
which will be dispersed without any control over a radius from the
wellhead units thus covering local vegetation. CEL is currently
studying a recycllng process to obtain more energy and reduce
pollution. Given increasing environmental awareness, this negative
impact will certainly constrain the availability of international
funding for such projects.

Recommendation 6

CEL should prepare in depth environmental studies for existing
geothermal projects, and strive to implement protection and
mitigation measures.

To prevent a shortfall in supply and its consequences, such as
rationing, new generation facilities should be rapidly added. With
no tariff adjustments and given the expected December, 1989 peak
of 407 MW, a comparison of 1994 needs with the new projects
expected to come on line by then yields the following shortfall:

Capacity Yearly Energy
Mw Gwh
New facilities Needed by 1994 105 630
Expected Plant Addition 50 335
Shortfall by 1994 55 Mw 295 Gwh

The proposed tariff adjustment will improve the financial
situation, make CEL eligible for major 1loans and postpone
generation needs by a year or so.
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n io 7

The Consultants suggest that the proposed tariff adjustment and
industrial demand charges be implemented. If this reduces the load
factor sufficiently, then only the 20 MW slow speed diesel
generators will need to be installed. If not, further peak-
oriented facilities will be needed.

CEL's plans to increase power generation through the year 2000 rely
extensively on the use of the geothermal resources of the country.
While this is an attractive source of energy, it has a number of
disadvantages. Besides its environmental impact, geothermal plants
are very expensive; the economic evaluation demonstrates it is one
of the least economical energy generation systems. The expansion
of existing hydroelectric plants, together with their preservation,
presents a much higher return. In addition, geothermal plants are
risky as it is always difficult to know how much energy will be
available for each plant until the wells are dug.

Recommendation # 8
CEL should reconsider its power generation plans in light of the
results of this study. Greater emphasis should be put on existing

and future hydro plants; these are the most economical and have the
least negative environmental impact.

6. Total Investments

After careful review, ISA proposes a total of $ 490 millior in
investments through the year 2000.
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IV. ELECTRIC POWER

The major institution involved in the electric power sector is the
state owned electric utility, "Comision Ejecutlva Hidroelectrica
del Rio Lempa" (CEL). Most of the data presented in this volume has
been obtained from the various departments of CEL and CAESS
"Compafiia de Alumbrado Eléctrico de San Salvador", the largest
distribution utility. Also see Volume I (Summary Report) regarding
environmental concerns.

The electric power sector is a relatively small but important part
of the whole energy sector. In 1987 electric power accounted for
only 7.9% of the net consumption of secondary energy, as shown
below;

Breakdown of Energy Consumption

Product 1987 %
Firewood 53.6
0il Products 33.2
Electricity 7.9
Vegetable Wastes 4.8
Charcoal 0.5
TOTAL 100.0

Source: National Energy Balance.

Approximately 60% of the energy requirements of the Salvadoran
population were covered by biomass (firewood, vegetable wastes and
charcoal).

The high consumption of firewood, contributes to the country's
widespread deforestation. This in turn affects the supplv of
electricity, as siltation steadlly reduces the useable capacity of
the hydroelectric storage reservoirs. Changes in Salvador's energy
policy is urgently needed to halt this damage to the ecosystem.

A succession of droughts in recent years were possibly linked with
changes in the microclimate. 1In 1987, rainfall was at its lowest
level in 30 years. The rainy season ended practically in the second
half of September and reservoir inflows shrank dramatically. This
curtailed electricity generation even more than during 1986-87 and
forced the utility to run the Acajutla oil-fired plant at full
capacity from January until June of 1988.



Unless urgent measures are taken, the consequences of deforestation
and erosion will be more drastic every year. A co-ordinated effort
is needed in the entire energy field. While this is an objective
of the National Integral Energy Development Plan, it should now be
applied in practice.

However, it is to the power sector that the country has directed
the major part of its investments. The debt service of these major
investments has become a heavy financial burden. These ecological
and financial circumstances worsened CEL's financial position and
forced it to introduce electricity rationing, causing losses in
several sectors of the econony.

Despite the funds absorbed by this sector, the benefits of elec-
tricity have not reached a large part of the low-income population.

A. INSTITUTIONAL REVIEW

1. Background

Development of electricity began in earnest in Fl Salvador during
the 1930's. At that time a rnumber of private companies were
incorporated, in their respective cities. In time, these companies
extended their supply to part of the countryside.

As power demand increased, it became desirabla to exploit the
hydroelectric potential of the only major river of 31 Salvador, the
Rio Lempa. In 1948, GOES decided to set up a governing body to
undertake this development. Thus, CEL was formed.

The sections which follow describe the institutional set up, the
present situation of CEL, and that of the distribution companies.
System constraints are presented in Problem Areas (Section K).

2. The Institutional Setup

The preductionn and distribution of electricity are under the
authority and the supervision of the Ministry of Economy, mostly
at the legal and political level. Specific policies, day-to-day
operations and technical matters have generally kaen delegated to
CEL. CEL owns and operates all major power generating plants in the
country; it owns and operates the high voltage transmission system;
it administers, as an agent Ior the government, the distribution
utilities which were taken over in 1985-87; it is also charged with
a number of other functions in the energy field, including energy
sector planning and the sale of oil products from the privately
owned refinery. CEL is a stable and well managed utility. The
Ministry still retains a regulatory function and authorizes selec-
tive installations.



The instatutional set up is slated to change, as the lagal and
requlatory status of the distribution utilities are due to be
redefined in the near future.

The setting of electricity rates, the definition of the limits of
the authority of the utilities, and related issues arz handled by
the Economic Committee on &an "ad-hoc" basis according to the
process described under the Institutional Aspects Section of the
Country Profile (Volume I).

a. Production and Transmission

CEL built four hydro plants between 1954 and 1982 and developed the
high voltage transmission system which now 1links the country
together; it undertook to distribute electricity in previously
unservice i areas of the country- side; it built oil fired plants
and geothermal projects. ’

b. Distributior

Besides its own distribution system, CEL now administers all other
distribution systems in the country. While this is a temporary
arrangement, it has been in effect since 1986, and no date has been
set for its termination. Thus, at the present time, any and all
matters dealing with electricity fall under CEL's jurisdiction.

Electricity is distributed in El1 Salvador by seven (formerly)
private and one state owned (CEL) utility. The seven private
utilities are:

- CAESS 71.00%
- CLESA 10.50%
- DEUSEM 1.60%
- CLES 3.20%
- CLEA 0.70%
- DESSEM 0.20%

- R.DE MATHEU 0.03%

These percentages indicate the share each company distributes of
total consumption. The remaining 1z.77% is distributed by CEL.

These seven utilities were granted 50 year operating concessions
at various dates between 1935 and 1937. When the concessions
expired, the assets reverted to the government. Negotiations to
determine a fair value have just begun. From the expiration date
of the concessions, CEL has administered these distribution
utilities as going concerns.

Until this is defined, there is a questicon whether these utilities
can borrow the funds for needed rehabilitation and expansion. Con-
sequently urgently needed investments and repairs have been post-
poned.



c. Eneray

buring the last several years, CEL has been assigned a number of
additional functions.

It undertakes :

Overall Energy Planning for the country

Research and development of geothermal, oil &nd gas resources
Control and supervision of petroleum and petroleum product
supply and distribution. The only refinery in the country
(RASA)is jointly owned by EXXON (65%) SHELL (35%).

Institutional Description of CEL
a. Objectives

CEL is a non-profit, autonomous, public service institution. 1It's
general objectives are to forge economic and social development of
the country through conservation, production, supply and the use
of national and imported energy resources to avoid imbalances and
supply-shortages.

To attain these general aims, CEL has formulated the following
specific objectives:

Promote efficient use of power by consumers in the resi-
dential, commercial, industrial, agricultural, public and
transport sectors.

Investigate, explore and exploit the various national power
sources, reduce import dependency and reach a balance of
energy that reflects imprcved use of national resources.

Promote research and development of technology appropriate
to the exploitation of national power sources.

Achieve institutional integration of the power sector so that
it oper::es more efficiently.

Achieve the economic and financial soundness of companies in
the power sector in the medium term, by setting prices and
tariffs that cover all costs and produce a surplus to finance
expansion, in accordance with national development needs.

Develop sufficient speciazlized human resources in power to
absorb new appropriate technology,exploit additional sources
of energy and manage national and regional power programs.



- Contribute to the integration of Central American energy
system, with joint supply, optimization in the use of power
resources, transfer of technology, and usa of funds.

- Promote horizontal technical cooperation between scientific,
technical and financial institutions associated with the

power sector.
- Strengthen power planning capacity in all its aspects.

These objectives were set in 1960, whereby CEL passed from a purely
electric utility to manager of the integrated power sector.

b. Organization

CEL's Board of Directors consists of eight members who are
appointed as follows:

- One Director is named by the Ministry of the Interior. This
director acts as Fresident of the Commission.

- Five Directors are named by the Ministries of the Economy,
Public Works, Agriculture, Planning and Finance.

- One Director is elected by the country's banks, in a meeting
presided by the president of the Central Reserve Bank.

- One Director is elected by naticnal bond-holders.

In addition to the above, there are seven alternate directors
chosen in the same way, with the exception of the President who,
in case of absence or temporary impairment, is replaced by one of
the other Directors, with the agreement of the Board. An organiza-
tional chart of CEL is found in Figure IV.A.1l.

4. Planning Function in the Enerqy Sector

As may be seen from the organizational chart, CEL's Planning
Department (PLANICEL) is responsible to the Executive Director.
Before 1978 *he country had neither specialized institutional
mechanisms nor tine basic information needed to formulate integrated
energy policies. The drafting of Energy Balances, brought about by
CEL's Energy Superintendency through the Central American Isthmus
Energy Program (PEICA), marked the beginning of energy planning
activities.

Integrated energy planning is a fundamental requirement for the
management of the power sector of the country. With the exception
oZ some ad-hoc expansion plans prepared by foreign consultants with
Limited national participation, the country lacked energy planning
capabilities until recently. PLANICEL began the process of
integrated sector planning with financing from the Interamerican
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Development Bank (BID). A series of studies was developed which
concluded with the publication of the "National Energy Plan 1988-
2000".

The organlzatlon chart of PLANICEL (Figure 1IV.A.2) shows how
management is linked with CEL's top management.

PLANICEL consists of a power information center and three large
divisions. These are the Plannlng and Power Development Division,
the Company Planning Division, and the Institutional Developmert
Division.

The objectives of PLANICEL are, among others to:

- Formulate expansion plans for various departments in
cooperation with these various departments. Act as co-
ordinator for all the institution's information management.

- Formulate power policies that can influence requests from
higher levels. Produce internal institutional improvement
programs. Produce institutional programs.

- Formulate policies and structures for the pricing and tariffs
of various energy sources.

- Continually analyze the various environmental issues that can
affect CEL.

- Promote CEL's institutional development.

To meet these objectives, PLANICEL fulfills different functions,
including the following:

- Formulate development policies for the energy sector and
develcpment strategies for CEL.

- Draw up long-term plans for the power sector, by subsectors,
using appropriate methodologies.

- Formulate policies for the integrated management of the power
sector.

- Formulate short and nedium-term plans for company
development.

- Co-ordinate existing information systems to make the
Departmental systems compatible with one another and with
overall company data processing.

- Promote bilateral technical co-operation agreements.
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- Structure, develop, program, implement and maintain computer
systems, data bases, and model operations.

- Promote consolidation of CEL's organizational structure.

- Filan in an integrated way and consolidate the institution's
development.

5. c uma esources

In 1986 CEL's total number of employees was 2,786. The distribution
of personnel by divisién is shown in Figure IV.A.3 below. The
greatest number of (1,186) employees are in ELECTROCEL. The classi-
fication of personnel by categories is shown in Figure IV.A.4.
Professionals are second in the number of employees. Most profes-
sionals employed are electrical engineers, civil engineers and
business administrators.

Most notable in CEL's staffing pattern is the increasing importance
of administrative personnel. Togethex the Presidency, Invercel and
Admincel account for almost as many staff as Electrocel.

The importance of security personnel is currently entirely justi-
fied by the conflict, thought should be given to its "demobiliza-
tion" when the conflict ends.

6. CEL Procurement Procedures

Purchases of less than C 20,000 (twenty thousand colones) are made
by single source procurement, with a special requisition for goods.
Each department or unit is authorized to make this kind of
transaction, without having to resort to higher 1levels of the
institution.

For purchases or investments greater than C 20,000, the following
procedures are used:

- Private bidding

CEL maintains lists of Salvadoran companies which specialize in
different types of construction and supply of goods. These
companies may be invited to bid for supply or construction for
specific projects.



FIGURE IV.A.3
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FIGURE 1IV.A.4
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In some cases, depending on the nature of the goods or services
callied for, only four or five firms will be invited; in order to
speed up negotiations.

- Public bidding

When the work to be done justifies it, CEL calls for public bids
in the principal newspapers of the country. Stipulations of the
loan contract may be for national or international bids.

- System of unit prices

This system is used exclusively in rural electrification works
where standards exist for construction of lines and structures.
There are a number of qualified companies in the country which have
a kind of rotation system among themselves depending on the size
of the work.

- USAID-funded works

USAID funded works or services are contracted according to AID's
contracting procedures. A report by Eng. Walter Bolanos of CEL is
enclosed in Appendix IV.A.1 for a better understanding of this
system.

B. INVENTORY OF FACILITIES

1. System Map

The tables on the following pages report the main data of the
country's power facilities; including generating plants,
transformer stations, transmission and distribution 1lines. An
overview of the system is shown in Map IV.B.1.2.

Generation

The generating facilities are of four main types, each with their
specific function in the system.

- The geothermal plants, which operate continuously during the
year and service base load.

- The hydro plants, which run up to the limit of their capacity
during the > . .ny season so as to utilize all the water
available. During the dry season, when there is not enough
water to run continuously, they operate as peaking plants.

= The oil fired steam plant is run as a base load plant during

the dry season to supplement the hydro plants. During the
rainy season it is kept as reserve.
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- The gas turbines are run either as peaking plants if needed,
or as emergency plants when the capacity of the rest of the
system becomes insufficient; for example when sabctage of a
line cuts off another generating plant from the system.

The principal generating facilities of E1 Salvador are listed in
Table IV.B.2 below.

The column "plant capacity available" is the forecast for December,
1989, when the hydro units will have a full flow of water, and all
other units have completed their yearly maintenance and are back
in service. Less capacity is available during all other months.

As the table shows, El Salvador would have enough power facilities
to meet its needs, although with little to spare, were it not for
the disruptions caused by civil unrest.

Against a total demand of approximately 400 Mw (1989 peak), there
is over 530 MW of generating capacity. This capacity is made up of
50 - 60 Mw in geothermal plants; 90 - 100 Mw in oil-fired plants
and gas turbines; and approximately 380 Mw in hydro plants. The
supply may be supplemented by 50 - 60 Mw on a seasonal or emergency
basis from the interconnection with the Guatemalan system. Tech-
nical data of each major generator is reported in Appendix IV.B.1l.
The tables include only those facilities owned by public utilities.
Privately owned plants and captive industrial plants are not
included. While their number is large and their output is consider-
able, their function is mostly to promote the development. Co-
generation plants can also contribute to available power supply.
However, this is only an idea, and is not a prospect for the imme-
diate future.

3. Transmission

The Salvadoran power transmission system consists of a number of
High Voltage Transmission lines operating at 115 kV. The layout
of the system is radial, in that most lines feed power from the
outlying generating plants to San Salvador where the bulk of the
load is contained.

As shown on Map IV.B.1, the lines feed San Salvador from the three
major hydro plants to the north and to the east; from the geo-
thermal plant in the west; and from the steam plant in the west.
The Guatemalan system joins the Salvadoran system at Ahuachapan,
near the geothermal plant, and can supply San Salvador through
existing lines. A connection with the Honduran System to the east
is being prepared. See details under "Projects Underway".

The 115 kV main transmission system is complemented by a number of

medium voltage lines rated at 34 kV and 46 kV, which CEL refers to
as "Subtransmission Lines".
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Table IV.B.2

GENERATING FACILITIES

PLANT TYPE NO. ANT CAPACITY* OPER'ING
UNITS  RATED AVAIL SINCE
L " YEAR

MAJOR PLANTS - CEL SYSTEM

Gua joyo HYDRO 1 15 15 1963

Cerron Grande " 2 135 135 1977-78

5 Noviembre " ] 81 70 1953-66

(Guayabo)

15 Septiembre " 2 156 156 1983-84

(S.Lorenzo)

TOTAL HYDRO 388 376

Ahuachapan  GEOTHERMAL 3 95 54 1975-80

TOTAL GEOTHERMAL 95 54

Acajutla STEAM 2 63 58 1966-69

Acajutla GAS.T 1 7 n.a 1965

Soyapango " 3 54 26 1972-73

San Miguel " 1 25 18 1984

Miravalles DIESEL 3 18 n.a 1986

TOTAL OIL FIRED 167 102
aEERERSsSsSExsszs

TOTAL CEL SYSTEM 650 532
EZZLEZEEEEEEET

SMALLER PLANTS - NON CEL

Five Plants  HYDRO 16 4
EEETEEECEZEERER

TOTAL SMALLER UNITS 16 b
ESEIZEEZSSREEEED

GRAND TOTAL FOR EL SALVADOR 666 536

*  Furecast for December 1989, lower in other months.



Both the transmission lines and the subtransmission lines feed
power into transformer stations, or substations, from which the
distribution feeders (primary distribution lines) fan out to supply
the final users.

The prevalence of different transmission and subtransmission
voltages stems from the fact that, up to 1985, power was dis-
tributed across the country by seven separate utilities which each
selected the most economical voltage level for its franchise area.
While CEL took over these separate utilities in 1986, it has had
neither the opportunity nor the resources to standardize or
optimize the distribution system. This will be a task for calmer
times.

The total lengths of transmission and subtransmission lines are
reported in the table below as are the number and ratings of the
transformer stations. The tachnical data of the Transmission lines
and Transformer Stations are presented in Appendix IV.B.1.

Schedule of Transmissions and Subtransmission Lines

Operating No. of Total Length
Voltage Line Sections km

115 kv ocut of service 4 148

115 kv i service 21 606

46 kv 1in service
34 kv in service

Schedule of Transformer Stations

No. of Total Capacity
High Voltage Stations Mva
115 kv 12 590
46 kv
34 kv 1 d

4. Distribution

CAESS currently has 19 23 kV feeder circuits in its primary
distribution network, with four principal substations. These are
located in Agua Caliente, San Antonio Abad, Nejapa, and Nuevo
Custcatlan and supply all the power demand for the surrounding
areas of the San Salvador Metropolitan area. Of the 19 feeders,
six are critically overloaded and their conductors are suffering
high power losses with consequent overheating. Voltage during the
maximum demand hours is considerably below acceptable levels.
Seven other feeders have reached a slightly less critical state of
load saturation, but loads still exceed the maximum recommended
conductor amperage.
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The CAESS substations of Agua Caliente (CEL-Soyapango) and San
Antonio Abad (CEL - San Antonio Abad), each of which has the
maximum possible installed capacity of 100 Mw, and Nejapa, which
has 50 Mw installed capacity, were the only three power supply-
points for the San Salvador Metropolitan Area. The latter also
supplies the rural and industrial are of Quetzaltepeque and Apopa,
as well as the whole department of Chaletenango. In 1984 a 23 kv
temporary circuit was constructed from the CEL-Nuevo Cuscatlan
transfer point, which took over part of the load of the San Antonio
Abad circuit serving the South West of San Salvador, including
Santa Tecla. The installed capacity of CAESS in Nuevo Cuscatlan,
barely 15 Mw, will be doubled to 30 Mw at the end of the current
year.

If CAESS's primary distribution system does not expand in the near
future, the overload situation will force it to refuse to connect
new services in the overloaded zones, especially to industrial
plants which need more power. If demand growth exceeds projec-
tions, and the necessary investments within this plan are not made,
we can foresee a medium-term need for a sectoral power rationing
project in San Salvador, on working days from midday to 4 -=k. The
aim of such a program would be to protect circuits and elec"rical
equipment from damage due to excessive overload.

5. National Coverage

The table below presents the growth in residential electricity
coverage in El1 Salvador.

Residential Electricity Coverage

Year i Population No. of Homes No. of Electrification

| Residential customers

jUrban Rural ; Urban (2) _Rural(3) Urban Rural Total Urban kural
1977 1,751 2,503 351 477 209 26 235 .59 .06
1978 1,796 2,549 361 486 225 n 256 .63 .06
1979 1,847 2,587 n 494 242 34 276 .65 .07
1980 1,899 2,630 381 502 261 38 299 .68 .08
1981 1,992 2,584 400 493 273 4% 314 .68 .08
1982 2,087 2,538 419 48B4 284 45 329 .68 .09
1983 2,184 2,490 438 475 300 48 348 .68 .10
1984 2,282 2,441 458 466 318 51 369 .69 1
1985 2,382 2,390 478 456 338 54 392 .M A2
1986 2,432 2,433 488 h64 355 40 415 73 .13

All figures rounded to the nearest thousand.
(2) Using a factor of 4.98 habitants/home.
(3) Using a factor of 5.24 habitants/home.

Source: CEL

Rural coverage is much lower tkan in urban areas. According to
NRECA, the coverage in rural areas could be increased significantly
by promoting power services and simplifying application procedures.
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C. PPOJECTS UNDERWAY/PLANNED

l. General

CEL's precarious financial position precludes the undertaking of
normal expansion programs, or even normal replacement programs.
Their first priority is to use whatever resources they have to
maintain service to existing customers.

Providing for the future has unfortunately become a second
priority. It depends on whatever financing can be obtained from
bilateral donors and international agencies.

Planning is not easy under such circumstances, it is done as best
it can be, but is always subject to the caveat that it may have to
be altered, either to cope with new patterns of destruction or to
follow changes in the availability of exterrnal financing.

A discussion of other sector plans that would generate electricity

demand is included in the section on current projections in Chapter
F-Demand/Load Forecast.

2. Pirojects Underway
a. Generation

The main projects underway at the present time are reported in the
takle below:

Capacity Addition

Expected
Project Location in 1990
Rehabilitate Ahuachapan Geothermal Plant ADD 15 Mw
Refurbish Miravalles Diesel plant " 15 Mw
Install two new Wellhead Geothermal
Units at Berlin " 10 Mw
Drill new Steam Wells at Chipilapa, and
Install two Wellhead Geothermal Units " 10 Mw

A description of the above projects follows:

- Ahuachapan
Rehabilitation and Life Extension of the Geothermal Plant.

The output of the plant has dropped from 90 Mw a.d 600 Gwh
per year in 1980 to 50-60 Mw and 400 Gwh in 1988. The
objective of the project is to increase the capacity 15 Mw
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and energy production by 115-120 Gwh per year and to keep it
stable at the new levels. This will be achieved by drilling
four or five new wells and by rearranging the steam and
condensate pipes so as to achieve a more efficient operation.
Financing for the $16.million will be $9.million from CABEI
and the rest from CEL. Completion is expected by 1991.

- Chipilapa (First Phase)
Installation of two 5 Mw Geothermal Wellhead Units

This is the first phase of the development of the geothermal
field which is designed to support the production of 70 Mw
by the year 2000. The project consists of drilling three 1500
m deep wells and installing two 5 Mw wellhead units. One well
is completed, the second is started, the third should be
completed by January, 1990. The wellhead units shall be in
commercial operation by June, 1990. The anticipated cost of
the projects is $20 million, of which France contributes $16
million and CEL $4 million

- Miravalle
Diesel Plant Refurbishing

The power station basically consists of three Mirrless
Blackstone generating motors, each with a capacity of 6230
kw. It also includes, three directly-connected Bruk
generators, one 250 kva starter generating plant, one 25-
ton crane, control boards and panels, the fuel tank, one fuel
treatment plant, a cooling tower system, water softening
plant, a spare parts lot, and all motor operation auxiliary
equipment currently installed in the plant. In 1989 CEL
signed a contract with Mirrless-Blackstone which provided for
the supply of all equipment needed to undertake major
revisions and adjustments, repairs and/or reconditioning
supervised by CEL personnel, and to put the three Mirrless-
Blackstone units and their corresponding equipment at the
Miravalle Power Station intc operation. This project is
currently underway at a cost of approximately 1.5 million
pounds sterling. The work should take 42 weeks and is
scheduled for completion in May, 1990.

- Berlin
Installation of two 5 Mw Geothermal Well Head Units

Specific information concerning the additional units to the

Berlin Power station was not readily available at the time
of this report.

b. Transmissicn

Among the ongoing transmission projects the following stand out:
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- Construction of a 115 kv line (28 km) linking the 15 de
Septiembre power station with the town of San Miguel.

- Expansion of some 115 kv transformer stations.

- Conétruction of several sections (150 km) of 46 kv
subtransmission lines to extend supplies to rural areas.
(part of USAID/NRECA)

c. Distributij

As mentioned before the distribution system executes only essential
repairs. Although development plans are being prepared, these are
slow to be carried out.

Most important is the CEL-CAESS transfer point at Nuevo Cuscatlan.
A CAESS substation will be built next to the existing CEL-Nuevo
Cuscatlan. It will have the same name and consist of a set of 46
kv busbars and grounding tranformer. This will accommodate up to
four outgoing 23 kv feeders with all the necessary circuit
breakers, disconnects, protection, measurement and control equip-
ment to handle a 50 Mw load.

The technical justifications for developing this project are the
following:

- Take part of the existing loads from the Agua Caliente and
San Antonio Abad substations.

- Reduce the primary distribution losses of the same two
substations.

- Improve operational flexibility of the San Salvador 23 kv
distribution system.

- Provide enough installed capacity to supply the expected load
growth in the South-West sector of San Salvador Metropolitan
Area. This sector includes La Libertad, Santa Tecla, Ciudad
Merliot, Plan de la Laguna and adjacent suburbs such as
Jardlnes de la Libertad, La Sultana and Guadelupe.

d. Rura ectrification

Another significant project is the AID sponsored Rural Electrifi-
cation Program being executed by NRECA. This program, which started
in 1988 and will be completed by 1990, will connect 15,000 new
consumers to the system. To attain this goal the program includes
construction of 580 km of new distribution lines, improvements to
170 km of existing lines, construction of 150 km of subtrans-
mission lines, and three new substations.
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An extension of the Rural Electrification project by AID/NRECA has
been approved. This would connect 11,000 new uzsers through the
construction of 420 km of distribution 1lines. improvement of
another 40 km, an addition of 40 km of subtransmission lines and
one substation. Please refer to project documents for subsequent
modifications in these quantitative objectives.

3. Planned Projects

This section includes only those projects where feasibility
studies, scheduling, and/or design work have actually been done.
The expectation being that these projects may be executed within
a 3 to 5-year span.

a. Generation and Transmission
Proposed generation projects include:

"= Geothermal field at Chipilapa
Geophysical investigations are proceeding, in anticipation
of a full scale exploitation of the field. Financing by
Mexico.

- 5 Noviembre Hydro Plant
Repair, life extension and expansion. The work will include:

- Repair of a cave-in, Tailrace Tunnel N®¢ 2

- Replacement of obsolete auxiliary and control equipment
both electrical and mechanical

~ Replacement of obsolete switching equipment

- Addition of a sixth unit rated at 30 Mw. Financing
expected from KfW, West Germany.

- 0il Fired Steam Plant at Acajutla. Refurbishment of
measuring and control equipment of boiler N¢ 2. Financing
expected from kfw, West Germany.

- System Control Center. Replacement of obsolete computers
and software. Financing expected from kfw, West Germany.

The proposed transmission project is:
Interconnection with Honduras
- Deéign and Tender Documents have been completed by CEL's
Design office for a 220 kv transmission line between 15 de
Septiembre - San Miguel and La Pavana (Honduras). Of the
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total length of 140 km, 100 km are in El Salvador and 40 km
in Honduras. Anticipated cost is $28 million. Financing
expected from the Government of Spain.

b. Distributjon and Rural Electrification

CAESS has updated a development plan which was originally submitted
in 1984 for World Bank funding. The main priorities are to
alleviate current overloads, address forecasted growth in demand
and expand service in the area of public lighting.

4. Future Plans

a. Generation Resources

This section deals with projects which are at the pre-feasibility
or reconnaissance stage and still lack a financial sponsor.

The largest water resource of El Salvador is the Lempa River Basin.
Its development has been studied at pre-feasibility level by Harza
Engineering in 1974 and by Sogreah Consultants in 1980. They
identified an untapped exploitable capacity in excess of 1030 Mw.

The potential of the smaller rivers Paz, Jiboa, Grande of San
Miguel and Goascoran was assessed in 1982 by Tahal, which estimated
the exploitable capacity in excess of 240 Mw.

The department of Geothermal Resources of CEL estimate the
country's geothermal potential at not less than 331 Mw. As to
biomass utilization, up to 16 Mw could be produced in co-generation
plants burning bagasse of sugar cane.

In sum, renewable resources could provide up to 1600 Mw. Note,
however, that one third of this is ascribed to the 540 Mw “El
Tigre" Hydro scheme. If built as planned this would flood Honduran
territory and an international agreement with Honduras would be
needed. This may prove to be difficult.

It should also be noted that many of these projects are technically
feasible, but costly. They would be financially feasible only if
CEL could pass production costs to the users.

(1) Hydroelectric Resources

Refer to Table IV.C.1 which lists the potential hydroelectric sites
identified to date. The Mw capacity is estimated at prefeasibility
level.
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(2) Geothermal Resources

The table below lists known areas of geothermal potential. At
present there are productive wells only in the Berlin and Chipilapa
areas. See also current "Projects Underway".

Areas With Sizeable Geothermal Potential

Estimated Potential

ame ite Mw_Rande

San Lorenzo 6 « 26
Chipilapa 67 -103
Caluco 6 - 24
Coatepeque 44 - 96
San Vicente 61 -173
Berlin 69 -169
Chinameca 46 -106
Chambala 17 - 35
Chilamguera 5 - 17
Olomega 4 - 18
Conchagua _6 =20
TOTAL minimum potential 331

Source : 1988-2000 National Energy Plan

(3) Co-generation

Electricity can be produced by burning the surplus bagasse of sugar
mills. Two plants are considered feasible. These are the El1 Angel
sugar mill, located 16 km north of San Salvador near Apopa, and the
Jiboa mill in the department of San Vicente.

The generating capacity of these plants would be approximately 8
Mw for each plant, when the mills work at full capacity. Arrange-
ments for co-generation generally prove difficult, so these plans
remain doubtful.
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Table IV.C.1

HYDRO-POWER RESOURCES OF EL SALVADOR

NAME OF PROJECT

Lempa River Basin

El Tigre
Zapotillo
Paso del Oso

5 November Rehabilitation
5 November Expansion
Cerron Grande Expansion

San Marcos
TOTAL for Lempa
Other River Basins

Paz

Jiboa

Jalponga diversion
to Jiboa

Grande de San Miguel

Guascoran

River Basin

El Jobo
Piedra de Toro
Arce

Hacienda Vieja
Santa Rita
Malancola

San Jose I.oma

Malancola
San Jose

San Esteban
San Juan
San Jose

El Platanar

TOTAL IDENTIFIED RIVER BASINS

TOTAL Identified Hydro-power Potential

Source: 1988-2000 National Energy Plan

CAPACITY
MW

540
120
40
30
120
135
52

1037
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b. Costs & Schedule of future projects
(1) Generation

A number of runs of the WASP III program described in Appendix
IV.C.1 were made under various assumptions in order to establish
a range of possible expansion plans. Assumptions varied water
conditions, and cogeneration from bagasse, energy saving measures
and geothermal potential. CEL is still working on its final expan-
sion plan. The latest published is presented in Figure IV.C.2.

Future expansion of the generating capacity of El Salvador was to
be based on the exploitation of its geothermal resources,
supplemented by steam plants running on imported oil. Relatively
little reliance is placed on hydro plants. While the hydro plants
will add little in terms of energy, (kilowatt hours) they can and
will be expanded in the distant future to add more capacity
(kilowatts) to meet system peaks.

The latest revision of CEL's generation expansion plan for 1990 -
2000 consists of adding:

- Five 20 Mw Geothermal Units
Chipilapa 2 plants
Berlin 2 plants
San Vicente 1 plant
- Twelve 5 Mw Wellhead Geothermal Units

- Two 50 Mw Oil-Fired Steam Units, in the Acajutla and Cutuco
area.

- One Hydro Plant on the lower Lempa River
San Marcos, 52 Mw

- Addition of 30 Mw at the 5 de Noviembre Hydro Plant

- Construction of E1l Tigre Hydro Plant 270 Mw.
The planned completion schedule is shown in Table IV.C.3. A
schedule of costs is included as Table IV.C.4. The costs are based
on prefeasibility estimates at 1986 price levels.
The comments about this plan are as follows:

- The development of geothermal resources contemplated in the

Plan is optimistic, and this is the maximum that can be
achieved in the period 1588-2000 under favorable conditions.
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figure 1IV.C.2

Figure IV.C.2

PLAN OF EXPANSION 1989-2000, EFFECTIVE CAPACITY/MAXIMUM DEMAND
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