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CHAPTER 6 SUPPLY RELIABILITY ANALYSIS

As deséribed in Section 1.3, "The Scope of Study®, the supply reliability to
be described in this chapter means the supply reliability from the viewpoint
of the_suppliers or organizations related to the electric utility industry.
It is thezéuﬁply reliability (LOLP; Expected shortage days) of SNI (including
all power sources connected to 69KV in additiom to 230KV and 138KV systems)
considering  the faults at the power plants, errors in power demand

projections, and flow variation at the run-of-river hydro power plant.

6.1  Analysis Method of Supply Reliability

INECEL has prepared electric power development plans in which SNI is

divided into two regions; north and south - as shown in Fig. 6-1.

Considering the balance between power demand and supply in each region,
INECEL has forﬁed a nationwide electric power'system. The priority in
these plans is to minimize overall cost, even at certain sacrifice of
the supply relisbility. Consequently, the demand/supply imbalance
between the north and south.has increased. In 1998, a supply shortfall
.of approx. 220MW is expected in the north and a supply excess of

‘approx. 670MW is expected in the south.

In this study, we have, therefore, divided SNI into two regions; the
north centered at Quito City and the south centered at Guayaquil City.
We analyzed the isolated systems in each region based on the INECEL's
data and the data submitted by the two local power companies; EMELEC
and EEQ. We then conducted an reliability énalysis by linking these two
régions'for which we used the analysis program described in Fig. 6-2

"Flow Diagram of Interconnected System Reliability".

6.2 Cufrénf Leve! and Future Forecast of Supply Reliability

We discussed this matter with INECEL and decided to use Decémber,

1991's reliability'as being the current state. Also, we have gtudied



6.2.1

6.2.2

6.2.3

the reliabilities in December, 1998 and December, 2003 -as future

proapects.

Supply Reliability of December, 1991

We calculated the supply reliability . in December, 1991 by taking the

previous three years’ faults at the power plants and demand'ﬁrediction

errors over the 10 year span into consideration.

According to calculations, the LOLP per month was 20 days in the single
system in the north and 10 days in. the singlé system in the south. In

the interconnected SNI, however, it was 10'days in the north and 4.9

days in the south.

Supply Reliabitity of December, 1998

Accprding to INECEL’s power demand forecast, the max. power demand in
December, 1998 will be 1,991MW nationwide. In the north, the demand
will be 753MW and  1,238MW in the south,

According to calculations based on these data, the LOLP was 20 days in
the single system in the north, and 0 days in the single system in the
south., In the interconnected SNI, however, supply reliability re&¢hed

0.05 day in the north and 0 days in the south.

Supply Reliability of December, 2003
According to INECEL's power demand forecast, the max. power dgmand in
December, 2003, will be 2,595MW nationwide; 986MW in the north and

1,609MW in the south.

According to calculations based on these data, the LOLP was 15.2 days

in the single system in the north, and 0.086 days in the single system -

in the south. In the interconnected SNI, supply reliability reached
0.33 days in the north and 0.038 days in the south. '



6.3

6.3.1

6.3.2

€4

Evaluation of Supply Reliability and Study of Afternative Plans

.Supply Reliability of December, 1998

INECEL has a development plan for the south to correct this imbalance
between north and south. We studied an alternative plan in ﬁhich New T.
Vapor.lstw'(SCheduled to start operation in 1995) and New T. Vapor
140MW (scheduled to start operation in 1997) are moved to the north.

These calculations provided an LOLP of 14 days in the single system in

the north and 0.02 days in the single system in the south.

LOLP in the interconnected SNI was 0.05 days in the north and 0.006

days in the south.

" Supply Reliabitity of December, 2003

Acéording to the INECEL plan, a new power source will be installed in
the north by the year 2003..Therefore, we studied an alternative plan
to move New T. Gas.SOMW {scheduled to start operation in 200%F in the
north) to the south, reversing the previously described alternative

plan.

These calculatiens provided an LOLP of 1.26 days in the single system
in the north and 1.86 days in the single system in the south. The LOLP
in the interconnected SNI reached 0.11 days in the north and 0.24 days

in the south.

Necessity to retain the rated Voltage

INECEL has set a goal of 152 in the 230KV and 138KV systems and #3Z
when transferring to local power companies at 69KV. They  are making

efforts to retain the rated voltage.



6.5

6.6

Necessity to retain the rated Frequancy .

It is necessary to retain the rated frequency for both users and

suppliers.

The tolerance of frequency variation should.be.app;ox. +0.1Hz. The
frequency chért'(z days} acquired by the JICA research group during its
on-site survey,-shoﬁs.that it escapéd 10.1Hz for 3.83 hours on February
18 (Thurs), 1993, and agaih'for 1.75 hours on February 22 (Monf,
1993, (See Fig.06-3)

Recommendable Plan from the viewpoint of the Supply Reliability Analysis

According to the power flow for December, 1998 as éhoﬁn in Fig. 5-13,
the power at the Daule Peripa Hydro Power Plant 130MW (scheduled to
start operation in December, 1996) and New T. Vapor 140MW in Portoviejo
(scheduled to start operation in December, 1997) flows.mainly'toward
the north. Therefore, although situated in the south, thése two power

plants are able to be regarded as power'sources for the north.

In the year 2003, a New T. Gas 80MW (scheduled to start operaﬁion in
2001) in the north will be able to remain as planned by INECEL_because-
a New T. Vapor 125MW will be constructed in the south in 2064, though
reliability in the south will be élightly lower than the north. This

"is a recommendable plan.

in 1998, these calculations provided an LOLP of 16.4 days in the single

system in the north and 0,01 days in the single system in the south.

LOLP in the interconnected SNI was 0.05 days in the north and 0.003

days in the south,

In 2003, these calculations provided an LOLP of 0.37 days in the single'
system in the north and 3.23 days in the single_system.ih the soﬁth;:
LOLP in the interconnected SNI was 0.04 days in the north and 0.27 days

in the south.




Therefore, it is considered that INECEL's master plan is reasonable

based on the supply reliability analysis.

And slso it is recommended that Daule Peripﬁ Hydro Plant and Portoviejo

Thefmal Plant should be regarded as electric power resources of the

~north from the viewpoint of decreasing the differencé between the north

and the south.

6 - 5
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7.1

7.1.1

CHAPTER 7 LOAD DISPATCHING DUTIES AND PROTECTIVE RELAY SYSTEM

Load Dispatching Duly and Power System Operation

Current Conditions of SNI

(1)

(2)

Frequency Control

In' Ecuador, there are few large loads that fluctuates and
disturbs the balance of supply power in a short period, and
relatively stable power system operation is realized by the

governor-free operation of hydroelectric power plants.
Volt'age and Reactive Power Control

Con’cer"nin'g'tlhe current pefformance of voltage and reactive power
control 'in SNI, appréciable efforts are being exercised to
maintain propef voltage values by the r'egulatiozi of hydroelectric
power plaﬁt géneratdrs,' switching of power condensers, shunt
reactots and on-load tép changers of transformers in substations,
and phase compensation of gas turbine generators at Santa Rosa
Power Plént. ﬂowever, proper voltage values are not always
maintained due to biased distribution of power supply sources,
the shortage of phase compensation equipment, and the difficulty
of monitbring voltage values of the national interconnection
system at load dispatching centers, and future improvement is

desirable.

7.1.2 Current Conditions of Load Rispatching Duties

The load dispatching command system of current SNI, as of March, 1993,

is organized as illustrated on the next page.



INECEL’s Central Load Dispatching Office

e e it 2ot a4 | e U in e 0 e e O AR S e o o A -

I ) . : .. BNI
i ' " (Primary Level)

PowerjPlantsISubstations

of INECEL Power System

Central Load Dispatching Central Load:Dispatching__

0ffices of FMELEG and |  |Offices of Local Power
EEQ |Companies (19)

Power Systems. of
Loecal Power’ Companies
" (Secondary Level)

The Central Load Dispatching Office of INECEL directiy commands fhe
load dispétchihg of the glectrié faciiities in ;ﬁe large load centers
of Guayaﬁuil and Quitd. and the ldad.dispatching_commaﬂds for other
power companies are transmitted to the load dispatching offices of
local power companies via the Operating Units in INECEL'S power plants

and substations,
{1) Current State of'Load Dispatching Facilities

The center of the load dispatching systems‘of INECEL; as of March
1993, 1is the Central Load Dispatching office located in the
premises of Santa Rosa Substation which systematically . and

comprehensively operates the SNI. Concerning its facility, it is

equipped only with telephone :channels employing power 1line

carrier systems, and no telemetering facility or circuit breaker

status information (ON and OFF of circuit breakers) is provided.

The information on power system operation is collected from each

electric facility station by'means of telephone convérsation;

which takes approximately 25 minutes per station, and the .

information thereby obtained is input to the personal compﬁter'of




(2)

(3)

the load dispatching office by the manual operation of operators

for logging and information storage.

Concerning the telephone facility which plays an impoftant role
in the load dispatching Operatidn. the lines are not dedicated
lines for 1load dispatching. Therefore, the telephone
communicationffbr general conversation is restricted when a first
report of failure is reéeived from an affected electric fécility
station. When the telephone traffic is heavy, or telephone
communication is impossible, the report of failure may 'be
delayed, and theréby'impede the load dispatching commands for

fault recovery operation.

Monitoring Duties at Load Dispatching Office

‘The.' Load dispatching command system may function smoothly and

' éffectively with a proper load dispatching system which matches

the actual status of the power system. For this Load Dispatching

'System,.adequate facility is not provided as mentioned above, and

a part of the monitoring duties and reactive power control

functions, which should be performéd_by the load dispatching

office are entrusted to electric facility stations. Therefore,

‘there are risks:that prompt reéponse can not be realized in the

events of abnormal meteorological conditions or power system

failures.
Load Fluctuation and Its Prediction

Generally speaking, the load fluctuates by seasons, bj the day in
a week, and during a day in periodic manners. Such fluctuations
may be caused by ‘the meteorological conditions that affect
heating and air conditioning load, and social conditions such as
television broadcast of sports events including soccer matches.
At' present, the factors causing ‘load seasonal and daily
fluctuationﬁ_in Ecﬁador'is small, because the air temperature
change is little throughout a year, and there is no large power

demand frém industrial plants. Therefore, the actual records of



(4)

load fluctuatioh more or less coincide with load projections. and

accurate load projections can be_made in a short term.

‘Fault Recovery Operation

INECEL defines the following'thfee types of faults as the most

important faults in view of their effect on the total power

 system,

{a) Fault of generator unit at'Paute Hydroelectric_?lant

'(b)  Fault on 230 kV, main transmission lines

(c) Fauit at interdonneciion points with EMELEC and EEQ which
supply the two large load centers of Guayaquil City and
Quito City

The total installed capacity of Paute Hydroelectrié Power Plant

.is now 1,075 MW with the completion df Phase-C. 'Howevér, a

generator unit fault or transmission line fault occurring near
Paute Hydroelectric Power Plant could collapse the whole power

system, because the Paute Plant is a large, concentrated power

. supply source in the 230 kV power system.

" Therefore, it is planned to shed the loads in 7 steps by means of

frequency relays, in order to prevent the collapse of the whole

power system. (See Section 5.4.1.)

The basic concept and the procedure of power system fault

recovery are as presented below.

(a) When power systems are separated, the systems in which the

voltage survived are controlled for voltage regulation.

(b) For the system which experiences a total blackout, the
circuit breakers at interconnection point with SNI are
opened, and the power generating facilities in that power

system are started to recover the system operation.

7 - 4




{c) For the Southern Power System, wﬁich center is EMELEC Power
System, the power generation facilitles of EMELEC and the
Estero Salado (73 MW x 2) unit steam power plant of INECEL

are use to recover the power system again,

(d) For Northern Power system, which center is EEQ, the power
generation facilities of EEQ, Pisayambo Hydroelectric Power

Plant (34.6 MW x 2) and Agoyan Hydroelectric Power Plant

(78 MW x 2) are mainly used to recover the power systems

other than the 230 kV system.

(e) To recover the 230 kV power system, one transmission line
leading from Paute Hydroelectric Power Plant (C) to the
Southern  Power | System is = charged. After the
interconnection with the Southern Power System ié restored,
‘the line up to Santa Rosa Substation is charged to recover

the Northern Power System.

The synchronization of the Southern Power System to the

Northern Power System is done at Santa Rosa Substation.

(£f) . After the ‘establishment of interconnection between the
Southern Power System and the Northern Power System via 230
kV interéonnection line is confirmed, the remaining power

systems are recovered one by one.
(g) Finally, the second 230 kV line is charged from Paute

Hydroelectric waer:Plant, to restore the normal power

system configuration.

§ 7.2 New Load Diapatching Facility and Load B'ispatching Duties
7.2.1  New Load Dispatching Command Facility - -

(1) Funétions of New Load Dispatching Command Facility

1t is desirable that the computer system of the new Central Load



(2)

(3}

Dispatching Office has the'following functions,

{a} Monitoring Duties

1y DemandlSupply.Balance Moﬁitoring
2) Voltage Monitoring
3) ‘Reliasbility Monitofing

(b)Y  Planning Dutieg

(¢} ~Logging and'Statistics Duties _
{d} ' Education'ahd Tralning of Operators

Information Transmission System

The information transmission system which is being planned for

the new load fdiépatéhing. system of INECEP consists of data

logging terminal units_which'aré installed at "daughter s;atidné"
of power plants and substations, and these units are dqnnected to
thé computer system of the Céntfal-Load.Dlspatching Office via
modems (modulators and démoduiatoré). In this system, the eyelic
data transmission and interrupting data transmission can be used
together. $ince too much load will be placed on the equipment to

hamper other functions of the system if a.short cyclic time

interval is used in the cyclic transmission (the cycles will be

increased), the tranemission cycle'is restricted and the channels
can not be used for telemetering transmission of continuous
variables such as power system frequency. Therefore, the power

system oparation ﬁariables, such as power system frequency,

interconnection line power flow, power.system voltage, must- be

recorded on recording indicators in daughtexr stations. In order
to realize a more sdphistiqated computer monitoring system, more
advanced jinformation transmission system which is capable of
transmitting continuous variables, such as CDT {cyclic digital

transmitterx), must be adopted.
Dedicated Telephone System for Load Dispatching Operation
The load dispatching operation is a commanding duty to organize

the operations of the power system which conditions change from

one moment to another, and it is imperative that commands and

- 6




7.22

7.2.3

communications are transmitted under all circumstances. Under
abnorma% 'méteorological gonditions and emergency conditions
' created by power system accidents, the load dispatcﬁing commands
are issued most frequently, thereby creating a heavy:telephone
tr&ffic. Under such circumstances, interruption or delay of
telephone communicaticn | éould reduce the power supply
.relisbility. For this reason, it is indispensable to install
dedicated telephone systems from the Central Load Dispatching
Office to the power plants and substations as well as local load
dispatching offices, to where the.load dispatching commands are

directed.

Future Plan in Load Dispatching Facility

The automatic power dispatching system adopted in Ecuador this time is
expected ﬁo pose. some inconveniende fﬁr the power dispatching operators
becauge of the lack of high-speed large volume transmission of power
dispatching dsta resulting from the limited number of communication

lines and the restricted'capability of the communication system. In

view of the unavoidable demand for high speed large volume

communication. to be required by the future great expansion and
sophistication of the power system, early adoption of a new data
communication system based on the firm commitment to communication
lines and communication system improvement is desirable. (refer to

Fig. 7-1)

Present State and Future Plan for Communication Facility

The‘present électfic power system maintenance communication facility of
'INECEL is limited to the power line carrier (PLC}. Without any
wireless system such as microwave systems, various key operations such
as high speed ever-ready communication data transmission line and the
in-house teléphone lines interconnecting the planning branch and the

maintenance branch in the INECEL Headquarters, are not available.

An exclusive communication' system for electric power operation is



7.2.4

IindispehSable for stable and.ecdnomical oﬁeration.of'increasingly huge
and complicated electric power system, “and with the rapid increase of
'data converging to the central power dispatch off1Ce, the adoption of
microwave carrier system for the protection relay system for securing
hlgh qystenl reliability is thought to become 1ndispensable in the

future.

Dermand Projestion and Power Generation Pian

The procedure of the development of the_demand.projection-qf the next
one day is illustrated in the chart below. The demand variation due to
meteorological conditions is an impoftant factor in formulating the
projection of the next day, and keen atténtion must bé'paid on the

weather forecast.

(Example of Projection of Next’oﬁe:Day)

Heekly Standérd'Dai]y Deinand Projected Daily Demand

}

Performance of Last Heek

Y.

Cocfficient of Day. of Week

Standard Daily_Demand

Time Band PHstribution
Coefficient

Standard Daily Load Curve

Weather Forecast Variation {iTeﬂ$e:ature

Variation: by Heather

Other Variations

General Load Curve

fmunts Hotified to Customers

(Hotified Demands)

7.2.5

Aggregate Load Curve

Recovery Operations for Faults

Even after the new load dispatching command system is introduced and

various load dispatching information is processed on-line, the

fundamental strategy of fault recovery will not be altered from the

..5? ;E ?i
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7.3

7.3.1

current practice. - However, it is required to fully utilize the

automatic monitoring functions of the new system. When monitoring

~alarms are actuated, the line power flows and system voltages must be

regulated 'to prevent system failures hefore they occur, and in daily

“load disﬁatching operations, it is required to preseive a suitable size

‘of spinning reserve capacity at large supply sources such as Esmeraldas

Thermal Power Plant and Estero Salado Thermal Power Plant, in order to
prevent supply interruption and cascading system fault which may be
caused by faults on the transmission lines from major power supply

sources.

Protective Relay Facilities
Current Conditicnis of Protective Relay Faciiities
(15 ' 230 kV Transmission Systems

The protecfive relay facilities of 230 kV transmission systems
are:installed.at both ends of transmission lines connected to
powér plants and substations. They consist of a total of 30
terminal ‘equipments for 7 transmission line sections, which
consist of 6, parallel double circuit lines (24 terminals) and 1

a section (6 terminals}.

The protective relay systems are the directional comparison
systems employing power line carriers, equipped with automatic

- reclosing performance.

(2) 138 kV Transmission Systems

The protective relay facilities of 138 kV transmission systems
are installed at the terminals of transmission line sections
'conﬁebtiﬁg.powér plants and substations, which consist of 32
terminals for 8 sections of parallel double circuit lines, and 20
terminals for 10 sections of single circuit lines. Of these 20
“line seétions, 3 sections (4 terminals) are mot equipped with

protective relay facility or unknown, and the total number of the



protective relay facilities are 48 terminals. -

For the protective.reiay'facilities, the distance relay systems
ave mainly used, with some directional comparison system and over

current systems.
(3) Fault Statistics of SNI Power System

The fault statistics of SNI is based on INCEL's data of 1991,
1992.

(a) Past Trend of System Faults

The numbers of faults have incréésed from 119 in 1991 to
175 in 1992 (an increase 6f'471 from the previous yeaf).
The numbers of faults leading to load interruption have
also increased from 77 in.1991 to 87 .in "1992 (an 12%

increase over the previous year).

(b) Numhef-of Transmission Line Faults among System Faults

The'numbers of transmission line faults among the system
faults of SNI have increased from 15 in 1991 to 35 in 1992
in the 230 kV systems {an increase 6f 1332 ovér the
previous year), and from 47 in 1991 to 59 in 1992 in the

138 kV system (an increase of 257 over the previous year).

The proportibn of transmission line faults among the total
system faults was 62 faults among 119 faults, or 527 of the
total in 1991, and 94 faults among 175 faults, or 53.71% én
1992, The proportion of tramsmission line faults in the

total system faults is large.
(c) Number of Faults Related to Protective Relay Systems
Among transmission line faults, those related to protective

relay facilities, were 0 fault on 230 kV lines and only 1

fault on 138 kV lines in 1991.
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(d)

In 1992, 0 fault occurred on 230 kV lines, and 8 faults on
138 kV lines,

Considerations Based on Power System Fault Statistics

(i

-
[

)

-

Clarification of Power System Fault Phenomenal

Because of this nature, it is important to utilize
such recording instruments as the power system
automatic recorders (05C) which can record the
voltége!current ‘wvalues -and the operations of
protective relay elements before and during the
faults, so that. the power system fault phenomena can

he clarified.

‘Prevention of Faults Caused by Protective Relay

Systems'

The number of faults related to the protective relay
systems in the power system faults of SNI is in the

same line section.

" Although the details of fault causes are not known,

faults due to malfunction of protective relay systems
occur repeatedly. Therefore, it is required to
survey the type, characteristics, location of faults
and faults conditions of the protective relays and to
take actions for prevention of recurrence of similar

failures,

Maintenance and Supervision of Protective Relay

Systems

It is important to clarify the operating conditions
of protective relay systems by daily patrols,
périodicai operational tests and seqﬁence tests of
protectivé relay systems, and to exercise efforts in

the maintenance and supervision of protective relay
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systems, so that the power system faults due to
malfunction of protective relay systéms can be

prevenﬁed.

7.3.2 Protective Helay System

(1)

(2)

Circuit Configuration of Protective Relay System

(a),

(b)

In the 230 kV transmission systems, the main protection and
back-up  protection,  including their  instrument

transformers, are made of independent circuits.

In the 138 kV transmission systems, the ﬁfotective relay

systems are hasically divided into two types, with one type

.having circuit condition similar to Item (a) above, and

another consisting of the main proteétion only.

Protective Relay System

(a)

{bj

In the 230 kV transmission systems, the directional
comparison system is used for the main protection, and the

distance relay system is used for the back-up protection.

The signal transmission system of the main protection is
the power line carrier system, with the signal constantly
transmitted under normal conditions and its freguency

shifted in faulty conditions.

The éutomatic reclosing systems have the high-speed
automatic_reclosing system (with deenergized time of 1
second or less}, capable of single phasé and three phase

automatic reclosing performance.
In the 138 kV transmission systems,'thé protective relay

systems are basically divided into two types, with one type

having circuit condition'similar'to Item (a) above, and
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(3)

()

another consisting of the main protection only.
Protective Relay Setting

Goﬁcerniﬁg' the protective relay setting, diagrams of the
relations between main protections and babk-up protections and
the diagrams of operation time coordination based on thé
protective relay setting tables supplied by INECEL are
formulated, to study whether

(a) 'the'relays operate by the load impedances, and

{b) tﬁe operation time coordinations are maintained between

adjacent line sections.
The result of this study has any particular problems.
Considerations on Protective Relay Systems

In SNI,'the_protective relay systems are selected in reference to
the status of power syéfems, voltagé classes of transmission line
and the power system to which the protective relays are applied.
That is, the protective system is directional comparison system
in the 230 kV systems, and distance relay system or overcurrent

relay system in 138 kV systems.

Each protective relay system has its own advantages and

disadvantages. In the directional comparison system, it is
difficult to apply the automatic multiple phase reclosing system
because the faultéd phaée can not be identified in a multiple
fault, and the detection of feeble grounding fault is also
difficult. With the overcurrent relay system, there is the
problem with the operation time coordination when both termiﬁals
have_power sources, because the relay does not have directional

sensitivity.

As . othex examples of protective relay systems, there are such
relay systems as the individual phase comparison system and
current differential system, which are adopted in 275 kV and 500

kv systéms. However, in order to adopt these systems, the

7 - 13



trénsmission capacity of information which can be carried by the
existing power line carrier system is not sufficient, and a'high
speed and large capacity signal_transmission systems, such as

microwave communication facilities are required.

T - 14



Wa1SAS [BIVU3Y I3{U3Y [017U0) £313ug jevoliey 1908NI  I- 314

i 52102827
wejy wIEyYy -
4Ty Iqipny _
wapoey
pITOGABY pleegiay pIrogaay
BTy oLEIY u01328§3% Y01jRLg ud{103[3s BOTIRIS uoLje3(es DoTIels
a{qipay 21q1pAY
IR0 NV M
nug . .
1ien Adog gy przoqiay pIvogiay DI2OGAAY plrogiay pae0gADY parogiay pIT0gAaY pleogday
Adoy paey 25Ny e11oung arIaTavegdry asnon To110Ung arIsmneeqd]y asnoy uoliauag spIamueyd ]y 3SACH najiaung Slramnueydy
| amwyag eupm .
[.OL o (en) {aan) (@an)
Ja|[oeainoe 13[jerjuon I13]{011000 Jajiouoy
3%
i pI2OGAaH PATOQADY pIROGARY pIEOgAaY
2 00vSM FOoorsSm FOOFS A T ooPEM
0013 £I150002p
J3adag jeRUITIAL Jaalag |roimlay pur Fwiaied) U0]S1AI3d85 uo}1eJauag uoISSimsuRL]
[ || ™ 1 ™1 [ J LID..I
L LJ L L [ - [ [ 7 Z<A
0 = . f
1 1 L Lo L 1 ZIS
pleogiay PIROGA3Y ]
ade], a14an p aiva
asnop uorysang  SlIamRoTydly i e = AN iR
masa e T asmq dwi) iy ey
m sidon s 281 pue ooy s s
18 1990 - Ot e
KVA OB sirjdsic _
_ aS[ng 100K m
g v - THIUT HYY RA1Xg THRINT YT I3
puz Uz 3de) 316q0 ¥ adey 21499 ¥
J3{1043002 .
. Sprojarm -juely LR L2 | K 1440 38T RS 91449 8871
pIecqsaz . .
- SJauErI501] 0egrla W4 23498 0% Hd 21448 03
TLOYSM 66 pow . 05 'poa
Z315AS BLIWBRIB0LS SAOULTA LYY AITM] 10§ _ _ _ _ _ 000Y UB1ITIS XV A 0OOF VENIEIS XV A

g I1s)ndEay uinp

¥

)rdn0y BiEg



CHAPTER 8

CONTENTS

Page -
POWER FACILITIES EXPANSION PLAN
Power Generation Facility . . . . v . « v « 4 « o o . . 8 =1
'8.1.1 Selection of Facility Expansion Plan . . . . . . . 8 - 1
8.1.2 Power Generation Facility Expansion Plan . . . . . 8 - 1
Transmission Line and Substation Expansion Plan . . . . . 8 - &
Construction Schedule and Cantruétion Cost . . . . . . . 8B -6



CHAPTER 8 POWER FACILITIES EXPANSION PLAN

In this chapter, the expansion plan up to 2003 for the power generation, the

power transmission line and the substation facilities, based on the power

system analysis and supply reliability analysis conducted by the JICA

investigation mission, which in turn is based on the development plan of the

8.1

8.1.1

B.1.2

“electric power facilities of INECEL, is described.

Power Generation Facility

Salection of Facility Expansion Plan

‘In.selecting the optimum facility expansion plan, the computer models

in its study of the master plan by INECEL were utilized. With the model
which allows year by year evaluation of expansion, and which allows

electric system simulation  study -for the annual demand compliance

possibiliﬁy of'vdrioustacility expansion scenarios, the model for

sequéntial.generaﬁion and the model for operation simulatioh, the
setting of the current values of the annual expenses of the

representative expansion proposals and plans was possible.

Power Generation Facility Expansion Pian
(1) Existing power generation facilities

SNI compfises the facilities of INECEL and other local power
companies connected to the 230 kV circle grid, and as of January
1993, of the national total power generation capacity of 2,278.2
My (hydroeléctric: 1,470.1 MW, thermal power: 808.1 MW) the share
of INECEL is '1,696.8 MW {hydroelectric: 1,300.2 MW, thermal
power: 391.6 MW). {(refer to 3.3.1 Power generation facilities)



(2)

Power generation facilities under construction

- (a}

(b)

(c)

Gas turbine power stations of private power generation

utilities

Motivated by the power deficit resulting froﬁ'the abnormal

-water shortage in 1992; the construction.of Electro Quil

gas turbine power station, 73 MW_(Z& MW x 1 and 50 MW x 1)
and Electro Quito gas turbine power statibn; 33 MW, was

started for completion in 1993.

Rehabilitation of thermal power stations

According to the recent’ survey on the thermal power

generation facilities currently in operation belongihg'to

‘regional power éystems. the-total.inétalléd output capacity

is 304,789 kW and the maximum generation capacity is
248,900 kW, as of January 1993, and accofding to_éhe survey
on the thermal .power  generation faéiiities‘ requiring
rehabilitation, the total installed output.éapacity is
111,724 kW and the maximum available genération_capacity is
89,000 kW.

The rehabilitation work is scheduled for completion within

1993, to increase the power output total of: SNI.
Gas turbine power stations of INECEL

INECEL reviewed the power development plan up to 1996, and
as a result, decided to construct two:emergency gas turbine
power stations, 30.9 MW and 80 MW, by December 1993, and

according to:a technology-economy study, Estero Salado

“power station in Guayaquil City and SNI Pascuales power

station were selected as the sites of these gas turbine

power units.

With these gas turbine power generation units to be

incorporated into SNHI, sufficient power will be supplied

* uE .,'&i%




during the water shortage months of January and February in

1994, to create great reliability and assurance for SNI,

Since December 1993, Estero Salado Power Station has been
under commercilal operation, but Pascuales Power Station has
heen ‘in -course of construction and will be put into

operation by December 1994.
(3) Power generation facility development plan

Fof ﬁhe purbose of meeting the power demand during the period
frdh 1993 to 2004, the following prioritized development plans
'aré'reCOmmended as a JICA.proppsal, as a minimum cost power
generation facility plan. This.JICA plan is based on the INECEL
"master plan with some modification made in_considerationiof the

supply»demand-balance (kWh).

| Project Name _ Station Qutput Operaiiii:Start

T. gas‘(Eétero Saladq) _ ' ' 30.9 1993
Rehabilitation - Diesel ' 62.5 ' '
Rehabilitation - Bunker 49.2

T. gas:(Electro:Qﬁil)i’ . . 75.0

T. gas [(Electro Quito)? . . - 33,0

T. gas (Pascuales) : 80.0

Rehabilitation (Estero Salado) 1460

T, Vapor (Trinitaria) _ 80.0 : 1994
T. gas (Machala) 125.0 1995
Daule Peripa? L  130.0 1996
. vapor (Manta) "140.0

T. vapor - - 125.0 : 1997
San Francisco? . 230.0 1999
T. gas (Santa Rosa) 1 80.0 f 2000
Mazar®  180.0 |- 2001
Toachi?) = o 150.0 . 2003
T. vapor (Santa Elena) = 125.0 : 2004

' Note: 1) Power facility of private utilities, 2) Hydroelectric power station



82  Transmission Line and Substation Expansion Plan

(1) " The transmission line and substation expansion plan for the
- immediate 10 years is divided to the short-term plan (1993 to
1995), the medium-téxm pian (1996 to 1998) and the long term plan

(1993 to 2002), These plans afs described below.

Project Name ' ' . Commissioning Year
A. Shor Term Plan N
1. SNI Phase C _ : 1994
2. SNI Phase Dl : © 1994
'3, SNI Phase D2 B 1995
4. Cuenca - Limon T/L R 1993
5. Portoviejeo §/S Expansion ' 1994
6. SNI $/S Expansion : | 1995
7.  Agoyén S/S 138 kV 1 Bay Expansion .| 1994
8. Puyo - Tena - Coca T/L 19935
9, Pascuales G/T, T/L o 1994
10. Machala 6/T, T/L . . 1995
11. Trinitaria V/T, T/L ' 1996
B. Medium Term Plan - :
1. Milagro - Machala 230 kV/T/L - 1996
2. Daule P. - Chone 138 kV T/L : 1997
3. Cuenca. S/5 Transformer 40 MVA ' 1997f
4. Guayaquil §/S Transformer 50 MVA S 1995,
-5. Cuenca - Loja T/L 2nd circuit : : 1968
6. Manta V/T, T/L - 1997
C. Long Term Plan
1. S. Francisco - Totoras T/L 1999
2. Sta. Rosa - Pomasqui T/L 2000
3. Guayaquil S$/$ Transformer 125 MVA 2000
4., Mulalo 5/8 Transformer 66 MVA _ 2000 _ p
5. Goca. Tena .S/$ Expansion 2001 : &
6. GT 2000 T/L - 2001 Sy
7. HMazar H/P 138 kV 5 Bay o 2001
§. Mazar - Cuenca T/L o 2001
9. Toachi H/P 230 kV & Bay - 2002
10. Pascuales. - Sta. Elena 138 kv T/L 2001

8 - 4



(23 Improvement plan of Substation Facilities

There are some substations in the northern regions of SNI where
it is_difficult to maintain the normal operéting voltage., It
seems that the on-load tap changers have to be installed in these
substations, and the phase compensating condensers must be
%§% T _ installed.on the busses or the tertiary'winﬂings of transformers

in other substations as shown below.

Transformer Tap Positions and Phaée Compensating Condensers

Substation Namie ' ‘1998 2003

Transformer Tap

' Selva Alegre o 1052 1102
' chillo Gallo 1052 1102
Kennedy 1052 - 1107
No. 18 | . 1052 1102
No. 19 = 1082 1107
§ | o Pomasqui - 1102 1102
chillo Gallo | - . 1102
Tena - 1057
Ambato - 1057
‘Phase Compensating |
Condenser -
Vicentiﬁa. 12 MVar 12 MVar
Salitral 36 MVar 36 MVar
Pascuales - : 36 MVar 36 MVar
Santa Rosa S 36 Mvar 36 MVar

Ibarra - . 18 MVar

Note: The phase compensating condensers are composed of single phase
condensers, and the condensers of each phase are connected by a
star connection, and a series reactor is inserted at the neutral

point.



8.3 Construction Schedule and Construction Cost

(1

(2)

Power Generating Facilities

The JICA Plan for power generat:on and supply, which has been

dBSLgned to meet the power demand increase during the period from
1992 to 2002, is described in the Power Generatlon Facility
Expansion Plan of Section 8.1. It is required to somewhat revise
the schedule dates of commissioning of power plantv in this Plan,
considering the current progress in construction works and fund
preparations. ‘The reviseéd construction schedule is presented in
Table 8-1, and the construction costs and the investment schedule

are présented in Table 8-2.

in referonce to this modlfied construction schedule, there w111

_be a period during which the supply energy falls short of the

energy demand from 1994 te 1998. During: this perlod power .
supply 1nterruptions will occur frequently during the dry season
if 1t becomes difficult to secure sufficient energy supply by
hydroelectric plants such as Paute. Such a situstion could make
it difficult to secure sufficient. level of energy supply
reliability, thereby seriously impeding the social and economic’

development of this nation.

In view of this situation, it is required to make all efforts on
the early procurement of comstruction funds and assurance of
construction schedule; so that the Poée; Generation Fécility

Expansion Plan is implementéd according to the original schedule.
Transmission and Substation Facilities

The Transmisgion and Substation Facilities Expansion Plan of SNI
is as presented in Section 8.2 The schedules of this series of
expansion plans is presented in Table 8-3, and the necessary

investment schedule is presented in Table 8-4.

This Expansion Plan requires a total funding of US$ 110,682,000
for the 10 year period from 1994 to 2003.
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