CHAPTER 0. DEMAND AND SUPPLY BALANCE

R | : o '
6-1 Basic Considerations for Demand and Supply Balance

- The balance between the electric power load forecast described in Chapter
4 and the existing supply capacity plus the supply capacity already determined to be
. developed by INECEL and clectric power enterprises in the regional systems was
_ investigated and power generation projects which should be added were studied,

~ “The month of maximum demand during the year is December in every one
of the regional systems,  Therefore, in the study of demand and supply balance,
‘December was taken as the month of maximum demand.

The ba_lance of demand and supply in the regional system was studied based
on the following conditions: '

i) © Until the respective l'egi()nal_sys'tems are connected with the National
Inter connected System, studies were made in each regional system
individually ; I '

i ) _:Aft‘er its inte_réonnection witfh the National Interconnected System,
o the respective regional systems were considered as a-National In-
terconnected System in terms of the balance of demand and supply.

_ The supply capacities of existing power stations were handled as described
below, Of the existing power gencration facilities of 452,3 MW, those of small

| ‘capacities less than 0,5 MW ate a total of 32,2 MW ( 8.5 % of the whole ) and have

‘already become antiquated so that they are to be succeessively retired, Consequently,
the existing power generation facilities which can be utilized in the future amount to
- 358,38 MW (122,10 MW hydro;’ 236,73 MW thermal ), and the installed capacities hy
"regional systems are as indicated in Table 6-1, with the breakdowns given in Ap-
- pendix -A-2-{9)~(17),
“The demand and supply balance of the National Inter connected Systemn, was

. ‘studied considering the following sequence of interconnections of the regional systems
" to the National System . : o

~ End 1976
‘ The threc 3y’étems consisting of the Norte System, the Pichincha

= System in the Quito District, and the Centro-Norte System are to
" be interconngcted,

August 1978: _ _
' Guayas¥Los Rios System in the Guayaquil-Duran District, Milagro
District, Babahayo District and Quevedo District, and the Pichincha

System in the Santo Domingo District are to be tied with the National
Intercomected System. '
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6-2

Suppiy Capabilities of Exasting Power Generation Facilitles ‘

Decemben 1978 _
I‘he Manalb System and the Guayas Los Rios System in the Santa-

P‘iena District are to be counected o the Natlonal Interconnected S

Systom

December 1979

’I‘he Centro Sur System is l:o be connocl,ed to the Nationai Intercon- '
- nected System : : L

Decembe: 1980:

| ’lhe ESmeialdas System, El Oro System and Sur System are to be FERE

tied to complete the entire National Interconnected System. S

: -_"Iable 6 - 1 Existing Generatmg Facﬂities in Ecuador except

for Facll ities to bc Retired

(Umt kW)w

_ System . o Hydro: S_lean_"l-.-.-'_'[)ies'el,. - _’I‘qtbi_ne_ <o Tetal. R

CNorte . amBsa U U090 e o Tia7est

o Plchincha 0 B3160 0 <0 95,6300 <0 nig7e0

Centto-Morte 15,5060 - . 898900 <L a4s08

" Contrg-sur Ceasa - o E T, 2szj'f SRR

Loser U oo g0 e 2406 - Caste

Cgsmeraldas - < 4,860 i :4..8_60
Manabi <7 23060 - 23,160 -
Guayas-Los Rios .~ = - 63,000 24,526 55500 . 143,026

* . N . - L

Hore . 2,234 - :"6'.432 8,666

Totab: - - 1'22,096 3 '_‘_ﬁé,ooo 148,232 35, s__e_e___ 353,'328_

The power generation facxlitles installed m Ecuador at present total 452 3- e

MW in capacity, of which the monthly supply capability of the public electric: power '
companies, municipalities, and electrification cooperatives amounting to 376 2 MW .
( 83.2 % of the national total) not 1ncluding the facilities for private use was Stlldl&d S
~and their monthly available capacity were mvestigated ¥ : '

ditlons, and decreases in output are produced in dry months, Especlally, :all of the - L

In gene:ai hydroelectrlc power plants are mfluenced by hydrologlcal con= "

existing hydroelectric power plants are run-of-river types, except for those capa=
ble of dally regulation numbering enly five sites wnh total output of mere 93 8 MW

L
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; There are no reservoir types among the exrstiug hydroelectric power plants, and
wlthout excepl,ion, these ‘plants cannot be utilized totally during dry months, The
. influences of sucli & situauon were studled and the 1esults are: indlcatcd in Table

6- 2. .
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6~3 Kllowatt and KllowaLL horu Bqlances

Studles were made on the demand 51tuat10ns from 197‘5 t:o 1984 for the in~
K _dlwdual regional systems and National Interconnected System. ‘The results oI the .
' stud1es are: described below. ' i : :

. (1) Norte System

ST A shortage in: supply capac1ty of 6 0. Mw will be produced in 1977 only w1th
: the ex1sting dependable supply: capacity of 10,67 MW and the 2. 5 MW of dicsel which
have already heen. decided to be developed. Ilowever, at the above time, mtercom '
o nection with the Quito District by the Iharra-Quito 138 kV transmission line should
3-ﬂ'have been completed to make it possible foi power to be received from the National
- Interconnected System 0 that problems of Supply capablhty shortage will not be
‘ produced. - R : o .

E ‘ bince reserve supply eapaczty can be secured at the same time, antiquated
ﬁ_;lsma}.l hydro and thermal plants can be- repah ed, while'a part of them can be reured

‘ 41_36-_*




(2) _Plchincha'-Systein L
' 1) Quito Distrtct

.'The Quuo Dlstnct w1ll have the existing supply capacity of 112 74 Mw L

~and supply capacity. pr esently under construction of 35,13 MW, totalmg o

" 147.87 MW. ‘This supply capacity is sufficient to’ cope with demand up- :
. _to 1978, while iii and after’ 1979, there will be no problem sinee power L
a _can be leceived faom the National Interconnected System. ' ST

o 1i) ' 'Sante Dom:mgo DlStllCt

The Santo Domingo DlStuCL w111 have a total supply capac:lty of ’}' ’77

MW within its system consisting of 4, 03 MW existing and 3.74 MW
o new diesel generatlng facilities and can. satisfy demand until 1978, RO
. Meanwhile, the distiict will be incorporated in-the National Thtercons i
nected System. in 1978 50 that thereafter theze wﬂl be no problem ab()ut L
shortages of supply capamty ' IR

N _(3_); - Cehtro Norte System '
' 1) Latacunga Distn 1ct

T he Latacunga Dtstrict presently depends on the Flrst and SeCOnd R
- Stages of Hluchi- Hydroelectnc Power Plant and is greatly affected by
river dxseharge during the diy scason with supply capacnty droppmg L
“from 5,32 MW of installed capacity to 4,39 MW. ‘Therefore,. there is R
already a shortage of supply capac1ty at’ present ' and even. wheit an =~ f :
additional t:hermal plant of 0. 97 MW already determined is added, the B
" total supply capac1ty will be 5,36 MW, and a supply capacity deftmt of:
2.17 MW is expected On the ethex hand, in and after 1977 the DlStI‘lCt_,
will be incorpoxated in the National Interconnected System S0 that L
there will be no shortage in supply capacity but necessa Ty measures o
_ havc to be taken agamst Lhe shortage in 1976 : :

N Tlmere would be no ploblem in supply shortage 1f as such a. measure,'-"‘ el
- thé 2.5 MW diesel plant scheduled to be completed i D,ecember 1976 ...

- already’ determined could be hastened by one year for completionat. ' °

© the end of 1975 but this will bé impossiblé from' the standpoint of the " .

~ construction period, Meanwhlle, the Qutto D1strict will have ample =

‘surplus capacity in 1976 and it is necessary for one of its coﬁu)act-

type 2,15 MW dtesel units to- be transferred to Lataeunga at an’ early
date, - ‘ : o 3

i) Ambato D:stnct o

'I‘he Ambato Dtstrict presently has 7 13 MW of power generating P
: famhties, ‘but supply capability. drops to 5.0 MW. die'to lowering of -

river (!ischange during the dry. season, . Furthermore, even if new _'
- diesel facihtles of 5, 82 MW to be completed in 1975 are added, the .



* - toatl supply capacity is 10,82 MW and supply shortages of 0,64 MW,

. and 1,73 MW will be produced in 1975 and 1976 respectively, Irom

- the v1ewp01m of consuuctlon perjod, it is already too late to make -
: -‘__installatmn of a new diesel facllity, and here again, it is necessary.

. for one 2,15 MW diesel unit to be transfer red from the Quito Dlstrrct,
where there is a surplus‘ in order tomeei the demand up to December
1976, On entcrlng 1977, the mte:connectmg line to leo and Nourte

Ther mal Powel Plant will be completed and the problem of shoitage
in supply capacity will be. clnninatect, while in 1978, Plsayambo Hydw- ‘

- electric Power Plant will conie into opcratlon and clectric powcr sup- B

ply w111 becornc stable, : :

) Rmbamba DlStllCt AR

.The exrstmg supply capacrty of the Riob'lmba District is 9.77 MW
- However, in 1975 and 1976 thére will be shortages in suppiy capacity
ol 1417 MW and 2, 86 MW produced respectively, and the most econo-
‘mical measure to cope with. this problem will be to transfer two com-
1 pact type 2,15 MW dicsel unil;s fr om the tho District.,

: I'hene wrll be 1o ])l oblem in: and aftel 1977 smce tie-up- w1th the
‘ 'Natlonal Interconnected System wrll have been made .

| _i":q") : _'.Guaranda_ Di__st‘r_lct_ :

- ~The Guaranda District can cope with electric power demand up to 1977
- with {ts existing facrlitles and one 1, 00 MW dlesel scheduled to be- o
- completed in’ 1976 From 1978,. Guaranda District will be: mcorporated .

In the’ Reglonal Sy stem of Centro Norte System l,hrough interconngction,
'of 69 kV tlansmlssmn line so that theac will be no p1 oblem, '

= v) | ‘_'Puyo DlStliCt

In the Puyo District, wlth a Supply capacn:y of 0.43 MW exwting and
0.5 MW of diesel already determined, thére will be shortage in supply '
~capacity of 0. 1 MW-in 1975-and 0, 19.MW in 1976,. and these shortages
are to be coped with by an 0,5 MW diesel thermal plant, From 1977,
" power will be received froni the National Interconnected System through
69 kV line to be connected w1th Ambato Substatron. '

) ".(.‘)e:ntro-Sur System S

_ " This system wﬂl not be t1ed to the Natmnal lnterconnected System until the
- end. of 1979 Therefore, Jtwill be necessary for-power sources Lo be secured within
. the system for the next five years, Besides existing facilities of 17,62 MW, there
‘are 2,28 MW of diesel under construcuon, 8.52 MW of diese] scheduled to be completed
'Z-m the middle of 1976, and still furthes, 8.0 MW of Saucay Hydro Powcr Plant scheduled
_tc be completed in August 1977, and demand up to the cnd of 1979 can be met, _

R ' x In and after 1980 power wrll be rccerved from thc Natmnal Interconnected
 Bystem. - .

R '




L plants in the system for: the next four years. At present, there is existing capacity
“of 19,98 MW, while there are 10 O.MW of diesel thermal. seheduled 10 be completed

(5) S‘u r System

It wnll be December 1980 when this system is ued to the Natronal Interc0n~' -
: necled Sysl.em and it will be’ necessa ry for power sourees to be developed w1lhm Lhe o
' system for the next six years . S ‘ ,

_ 'I‘here is a tolal 0[ 3.67 MW in diesel thermal plants decrded to be added o
the existing generating facilities of 4,72 MW, but shortages in supply capacity w1II be -
produced over a (wo-year pcrrod in 1979 and 1980, The shontages in those years’ will L o
be 2,21 MW and 4,39 MW respectlvely, and It will be necessatry to. additmnaly comrms—-_.-'-'
; 'slon 5. 0 MW of dxesel wrth the Larget tirne for start up being December 1978 ‘ '

" (6)_ . Esmeraldas System
_ 'I‘!le F‘smeraldas System can cope with demand up Lo 1980 with existing power e
_ gene1 atlon facilities of 4.86: MW and 11,46 MW of diesel already deterinined, . Con- o
“sequently; tle-up wrth the National. Interconnected System may be in December 1980
Unt:l this. mterconneeuo:] the system w1ll havc ample 1ese1 ve capaerty ' :

(7) 3 Manahl System

It wilt be at the. end of 1978 when the Mana}m System 1s tied to the Nal:ional
: Interconnected System. Therefore, it w111 he Necessary to meet: demand wrth powe r

in Lhe middie.of 1977 sd that dermand up o the end of 1979 can be met with thése fa0111- e
tles. From 1979 power will be rer:erved from the Nauonal Interconnected System. -

(8) Guayas Los Rios System |
- 'i.' .) ', _Guayaqml Duran Drstmct

The problem in thc (:uayaqml, Duran Drstrlct is. ‘theé balance of sup- ORI
ply and demand up to April 1978, when the Frrst Stage,” 73 MW, of e
Guayaqurl Thermal Power Pi.ant will be put 1nt0 service -

. ..:The results of studles show that a shortage of approxmrately 3 27 MW
will be produeed in 1977, one year before the First Stage of Guayaqlul
“Thermal Power Plant is to be commissioned, Ihe reason for this is.
the delay in start of conqtrucuon of the First Stage of’ the Guayaqurl
- Theimal Power Plant and necessary measure should he taken. As the
 measure, a gas turbine of the same type and the same capaclty, 21, 5
MW, as the one now bemg constructed is to: be added, by the -end of
1976, takmg into consrdemtlon the short peuod of construcnon te- '_ g
quired for insiallatlon of the gas turbme and in Order to secure reserve
: _cnpacrty. : -. S

The Duran area wul be’ surtable for the sl,l:e in which lhis addiuonal gas
turbine generator is to be instaued The reason for this is that the - ‘
shortage of supply to be produccd in 1977 wm be almost all in the Duran_-;
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area, . and also thel e wlll be a slloltago in the Milagro District described
- _below, and the. Duran area is the most suitable for the site from the as-
- pect also of power inter change between Milagro and Duran Districts by a .
: :.-69 kv mtrasystem mtcrconnectmg transmissmn line : oo

) Milagro Dmtnct .'

'Sinc'e‘ this dir'strict piesently has 6,5 MW of diesel facilities, this 'sys—

. tem does not have shortage in supply: gapauty But, shortage of 3.94.
MW and 11.79 MW will be produced in 1976 and 1977, The shortage in .
1976 can be Tesolved by power interchange through a 69 kV intiasystem .

interconnectmg transmission line scheduled to be completed in December.

1975 since thete will be surplus capacity in the Babahoyo District, Re~

-garding: the shontage in 1977, the Babahoyo District will no longer hdave =

su1plus capacrty and power is to be recelved from the previously men-

. _-tloned 21 5 MW gas turbme to he added in the Duzan area.

L 'The 1eason why such great shortages in supp]y capacny W111 be proau- ':
- ¢ced in the two years of 1976 and 1977 is that power. demand of dramage” :

pumps will arise from the ir1 igatlon ahd drainage project to be carued -

- .‘:out in the Dtstrict. e

Babahoyo District. ,

. The Babahoyo sttuct is presently faced with an abnormal shoitage of o

'_"electrlc power,: and as a measure to cope with this’ srtuauon, construc- L

- .3.txon work s proceedmg onh 12,5 'MW of diesel therimal power plant aim- -

ing at start up in April 1976, Power demand tp to the end of 1977 ¢an
be met when this is completed The First Stage of the Project of Gua~ -

o "yaquil Thermal will be completed in April 1978 and thereafter power
- can‘be: teceived from the Nauonal System. At this time Guayaqtul- '
[ _Mllagro Babahoyo Quevedo will be tied by 69 kV intrasystem intercon-

" nectlng transnussion lines and Guayaquil- Quevedo-Quito by a 230 kv
- nation-widé mterconnectmg transmission line so that the District wrll

,:; be quite posssrble to 1ece1ve power from the Natlonal Interconnected
System I -

g ;_‘:‘ o )

Quevedo Distrlct '

The Quevedo Drstrict is scheduled to have 0.8 MW and 5.6 MW of diesel
_ .plant to be put into service in- 1975 and 1976 respectively and shoriage
~1n electric power will not be produced up to December 1978, - This

District will be tied to the National Interconnected System by a 230 kV

~“line between tho and Pascuales in December 1978 and demand can be
' met by recelvmg power from. the- Natlonal System from 1979,

' Santa Elena Dl'strlct '

The Santa Elena D1stnct can cope with demand untll 1977 with diesel

- plant in the Distrmt, but a sholtage in supply capacrty of 0,64 MW

—70- .



_will be pr oduced in 1978, To improve thls situation 1t is: necessary to -
- transfer a 2,18 MW diesel generator from the tho District, whigl
< in and after 1979 a 138 kV interconnecting transmission ling between
- Pascuales and Santa Elena is to be completed by December 1978 to .

_receive power from Guayaquil Thcrmal Powcr Plant. : :

(9) El Oro System

Tlns System will be capable of meeting power demand with power plants m .
‘the system until 1980, Since this system will become tied to the National Intercon— s
nected System in December 1980, in 1981 and thereafter, power can be recerved
_from the Natmnal System. ' ¥ -

’I'hc National Intercennecting Power Transmzssron and Transforming Pro-— B
gram will hegm to bhe carried out in December 1976 and will bie. completed in Decem- o
“ ber 1980, The condition of demand and’ “supply balance by year of the National R
_Interconnected System will be explamed betow, . oo TR A

1) 1977 The three 1egronal systems of Nortc, Prchincha and Centro Norte
- ‘amorng systems in the north will become interconnected du rlng this year.. AgainSt
- power demand of 175,20 MW in 1977 in these interconnected systcms there will be’
. a supply capacrty of 219.96 MW and the demand can be! adequately met, . Meanwhile,
" as a new power source, Norte Thermal Power Plant; 30-MW, will be commissioned " "
- in 1977 and will heina position to. transmit power malnly to the.iwo. systems of Norte R

. ~and Centro- Norte; As a result, it .appears that the: mterconnected systems will have .

-a reserve capacity of 44 76 \JEW, or: approximately 25 %, but since small-scale ‘-j
hydr oelectric power plants and antigquated thermal powet plants requ1 rmg repairs at.. S
an early date are mcluded the actual reserve capacity which can be secu red will be

' 2) . 1978 The Guayas Los Rios. System wﬂl be t1ed to the National System SR
du ring the year and the power demand of the intcrconnected systems will be inc reased_
o 442,63 MW. As for the supply capacity to megt this demand, Pisayambo Hydro-

' _ clectric Power Plant, 69.2MW, and Guayaqml Thermal Power Plant in the First Stage,

73 MW, will start operation and the supply capacity of the Natienal Interconnected i
~ System at this time will become a total of 580, 35 MW, Asa resull, ‘the reserve. L
- capacity. will become 137,72 MW (31. 1 % correspondmg to the first year of opelatlon

of a total of 142,2 MW in power genelatron pr o;ects developed destiried for the Natlonal“ :
System and 50 reserve capacrty will be successwely decreased in the followmg years ';;"

The structure of the supply capabrhty of thrs year shows that there wrll be L
101, 1 MW of gas turbme facrlrtres all of which can be consldered as reserve capacity o

3y 1979  The Manabi System and the Santa Elena Distriet of the Guayas-Los .fj o
Rios System will become tied to the National Interconnected Systein in this yeay and
power demand will reach 535,41 MW, On the other hand, Guayaquil Thermal Power B
Plant in the Second Stage, 73 MW, will be put. mto servrce resulting thal: the total in-
stalled capacrty will be 692, 33 MW._ = L : -

: _.7:1“-5.:: .. o



- 4) ‘198'0 ’!he Centro Su1 System wtll be mcorporatcd in tie National Inter- _
: conncctcd Systeni {n this. year._ As a result, thc maximim demand will reach 638, 06 .

MW Q“. t.hQOthelf_ hand, the_ effective supply’ capacity will b_e 726,21 MW, and the .
o reserve capacity will be an 88, 15 MW (13,8%), = Paute Hydro, First Stage, 200 MW,

will be commissioned in January of 1981, therefore, there will be no problem in re-
,:_Selvecapacity._ : AT : T SR

5) 1981 The three systems consisting of the Sur System, the Esmeraidas B
, __.'Sysl:em anc the Ll Oro Systcm, will iricorporated in the Natronal Interconnected
. System in this year and the entire Nationat Interconnected System will have been

- -"completed ‘With this coniplétion the maximum demand will reach 755,14 MW

s whereas Paute Hydroelectrrc Powex Plant in the IFirst Stagc, 200 MW. (No. 1 and

) umts) will be started up as new. suppiy capacity and the reserve capacrty will’
. become 218, SO MW (28,9 % )i - In case only the No, L unit of the Paute First Stage

- were to be commissioned this year,: ‘the teserve capacrty would be 118,50 MW

- (18 7%) and it may be said that start-up of the No. 2 unit could be delayed about

: _'“one year. , However, it wlll be necessary f01 the No 2 umt to be put into servrce by
_."...5]anuary 1982.' e ‘ _ _

6) 1982 T he power demand of the National Interconnected System will become
834, 45 MW in this. ycar. On the other: hand the No, 3 unit, 100 MW, of the Paute

L Pirst Stage will come’ lnto Serwce in August of the same ycar and supply capacriy

"-‘-"will becOme 1 073 64 MW. . 'I‘he reserve capacity wii’l thus become 239, 19 MW (28 7

__.._.%)

7) 983 Tlre power demand in thrs year w111 reach 922, 12 MW whereas the

Wi supply capdcity will become 1, 173, 64 MW through commissionmg of the No. 4. unit of

e the Paute First Stage in August of the same year. Consequently, the reserve capacity
' ‘ﬁ'-'wri't be 251 52 MW (27 3%) ' : : L -

8) 1984 ’I’he power demand in this year will reach 1 018 69 MW while the

‘--jsupply capac1ty wrll become 1, 2'73 64 MW through commissromng of the No, 5 unit of

" the Paute ¥iist Stage in August of the same year. " Therefore, the reserve capacity
",'wiu be '254.95 MW (25.0%);  The power- demand in August of the same year will be

‘ j986 5 MW whrle the supply capacity will be 1,173, 64 MW, the same as in the previous

: '.’.j;_year, 80 that the reserve capacity at the end of ]uly wrll be 187 14 MW ( 19, 0%) _

Ci The demand and supply balances in the respectlve years descnbed above are
"indrcated in Tables 6 3 to 0- 5 : B '
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CHAP’I‘ER 7. FVALUATION OF LON(J RANGF FLECTRIC
POWLR DEVELOPMENT l’ROGRAM

o7 l '_ Evaluatlons of - l’aute Hydro and Natlonal lntexconnectmg
Power Tr'msmission and ’I‘ransfoxming Pl og1 am

[n formulatmn of a long range electllc power development program, an R
n evaluatlon ora 5Ludy must be made of whether: o1 not the scheme planred is advaw '
tageous.in comparison with othet alternatives. It is considered that:the. present

" Long-Range Electric Power Development Program should be evaluated from the

first point of view, ‘but as stated prevmusly, since the Long Range Electrtc Power _
- .Development Proglam is gomg ahead based on tlie existing longsrange program,. the .
' present long rango program was compaled wu:h the alternatwe descr:bed below. T L

7 l-l The Alternative Consldered

: T he eompoention of the alternatlve for compauson W1th Paute Hydro and the
: Natlonal Intexconnecting Power ’Iransnmsslon and Transformlng Program would be
as follows ' : R s S P

‘ 1) National lnterCOnnectmg power transmlsSmn and transformmg facilltics o
: wlll not be constructed ' : Sk it : : ‘

B ._ii) . Paute llydro Power Plant wlll not be constructed

o ili) ‘ No: te Thermal Pisaqubo llydro and Guayaquil Thermal Power Plant wnll
" be staxted up at the tnnes stated in Chapter 5 : B L ST TR L DI R

w) " A 50 MW unit heavy 011 burmng ther mal power plant is to be newly bullt
at Santo’ Dommgo as’ the power source {for the Pinchincha System centered around ..
Quito, the Norte System and the Centro Norte System wuth unlts of the same eapacuty;.;'
addttlonally lnstalled as: demand mcreases : Sl

V). A 75 MW umt heavy 011 burnlng thermal pOWer plant is to be newly bullt at _Z_
_ Guayaqml as the power source: of - the Guayas-1.0s Rios System centered around :
Guayaquil (excluding the Santa Elena Distrlct) with unit of the same capacu;y of 75 MW
addltlonally installed in accordance with 1ncreases m demand; i i S

7-1-2 Method of Compal tson

As the method of. comparlson, thc case of constluctmg Paute Hydl oelectrlc
facilities for supply of power and the case of constructlng heavy oll- bu1 nmg the1 mal o
power plants.as alternative facilltles at Santo Dommgo and Guayaqull as stated above
- wer¢ taken up lor the comparnson of annual costs : : v



The condil;lons for comparlson wero the followmg.

i : i): .-:The installed capac1ty of the heavy oil- bummg thm mal stations IS to . .
. 'be 625 MW to be comparable with the 500 MW output of Paute Hydro
- taking mto consrderation 1eserve capacnty : .

-ii)‘i‘ g 'lhe construction cos‘t and annual cost of Paute Hydlo are to be given- B
-'_m Chapter 8 : : . o

S LD I he COI’ISLL uction costs and aunual costs of the heavy oil- burnlng
 thermal plants as alternative fam_hties are Lo be as mdlcal.ed n Tables

L 7-land 7-2,

Av)- - The conetluctzon COo5L and annual cost of national mteiconnectmg
e power transmission and Lransformmg faciiltles are to be gwen in:
. :Chapter 8

vy -:The a}mual costs are to be caIculated for a 25 year period from 1980
;‘when the heavy oll- -burning thermal. plant at Guayaquil starts opelation,
- and-in order to make comparisous cousidering the time- lags in ¢on-
- struction between the ox iginal plans and the alternative they are to
o be converted to 1980 values. - .

: 7_1-"1 .3__'@Re's'ults of Com'par‘ison '

o 1*lie annual costs of l:he origmal plan and the . alternatwe are as’ follows _ :

| LOrlginal plan

Supply of electric power by Paute Hydro and national mterconnectmg
power transmissmn and transfox mmg famhtles :

P | US$4395x105

; Alternative: ‘

Supply of electric power by. alternative heavy otl- burmng thermal
fac:htiee s

US$585 7% 106

CAs a result of comparison of the above, the plan o supply electric power
constructing Paute Hydro and national mterconnectmg power transmission and trans-
. :-E-formmg facilities, in effect, the plan proposed in this: Report; is economlcally
- superior to the alternatwe in Wthh national interconnecting power transmission
. and transforming facilities. are not built with the difference of US$ 146, 2 x 10¥ in the
_ costs over a 25 year period -

S _ ’I lie energy production and other calcuiation data are as indicated in Tables
- '7 J to 7 S ' : . . ;
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Table 7 3 ey hii’éréoniieéliéd Power System with Paute_l?owef Plant

o Requirement ‘Installed | ~ Annual Cost .<_ Prés'eﬁt Present
. _PG.WG?C.‘ Energy Capacity Paute P, P. Trans, line Factor : Vzilgseoin
N Year o ;(MW) (Gwm (MW) - (103US$) (103US$) (@=10%) (103US$) .

.909'; R
826 37,883
L7510 34,443
(683 33,308
620 32,036
/564430, 780 -

513 29,487
(466 26,785
424 ”'-24;3?1-;
385 22,129

1981338 879 100~ 30,528 15,335

1982 97, 3612 0100 30,528 15,335
7;1933<..165? = f559- 200  ,]33f432”: 15,335
1984 242,97 9906 300 . 36,336 15,335
985 32657 1,361 400 . 39,240 15,335
1986 4144 L7371 500 42,144 15,335
1987 SIS0 2,167.2 500 42,144 15,335
1988 E13.1° 2, 167, U500 42,144 15,335
fi§§9”l:51§; _”-,2 167, :'fisoo‘f;“”42,144 ”.15]335 ”

N e N

NN B T R R ¢
— e 1 N A e ea
<:><:> o o o o o 'o'c;»'_"

e
Lo

-‘-..'-(_... .

'T"*?xﬂ&off;:_ duu>( ditto  ditto {5dufo'1?ss7 449 %
f_;ﬁ}zé-;zgﬁs 513 1 ,.jg{i67;g;;5-509;; }‘42 144-,'15 335 .;h;_ 163 223, .
,.¢j25;’2004 513 pie ‘2,167.2*ﬂ‘fsboﬁ'=' 42,144 15, 335',' = |
ditto»f"rf- dxtto -~ ditto o ditto 8 :dxt;o_a-

E 49'-2028 513, 1f’-'2 167 2_; ;Sob'f-in42;144 '_15,335 e e
"1_50 2029 513, L ni6n2 S00 42,144 15,335 0 - -

ot ;}f e :";'7:.—f_'1- e == 439,450

o me




Table 7 -4

| 'DiScount"raté.(i)wNl.' ‘ 100% R

.Paute llydro Power Station :
Annual cost’ ratio . 12, 1%
' Tlansmission line and transforming facxlities o

Am‘iual cast _rati_o ::.'_:' 13 3% :

| _(l) Annual cosl. of Paute Hydro Power Station o
| | Installed capacity o ;‘.  Annual cﬁst &
i :_ 100 Mwso 528 X. 103US$-; . '
200 MW;:.' s, 432 x1 03US$; S
o 300 MW -5:"'__36 336 X 103US$:_{'1'1_ o
. 400. Mw : _.._:39 240 . 103US$__}§: PR

SOOMW 42 144x1 03.U;S$.'7'-;"-

©(2) Transmission line and :ti:an'sfbrmihg facint'iesj- X

“Section . .. Constructmn cost 'f:__;: Annual cost ey

(10 US$) S (103US$)

Paute - Pasucuales 60,600 8,060

Pasucuales - Quito 54,700 .__:7-,--27.5 f"

~ "Total : =..': 1"15,,_300 (PRI 15,33
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-7-2; Powe1 Generation Pr()jects in and aftea 1985

L2t Load Forec‘ast for 1935 . 1990

. S From 1985 il. 1s e.\pectcd that both eloctric pOWer and" 'nergy woulcl grow R
3 :at an anhual rate of 10, 5%, and. the loads fmecast up to 1990 with 1984 asg tho baStb G
- would be as: indlcated jhid ’I‘able 7 -6, : ‘ R , o O i

Table 7- 6 Load Forecast from 1985 to 1990 ' 4
: Max demand Energy demand

Year o (MW) (GWh)_ TR
_:_']'19:34_:: -{11-1 018.7 ,._ ‘_:;‘.:_:4 356, 4
s, 1_2_5_._,7' o asss Sl
. 1986 = 1, 2439 53391 o

Coaese f_;_'_"j;:_3__1 618 3 U mmsr

i 1’.§9o.ﬁ I, 857 6_\ Ty e

: ?_+2'5'2. Corlslderatlons on. Addltlons of Ncw PrOJeots el IR e

Powel generatlon project;s to be put 1nto serwce in the Natlonal Sy‘atem up to :
1984 will amount to 99.2 MW in the northern 1eglon and 646, OMW in the southern: " =
"reglon, showing one-sided concentratlon in the: south I and after 1985 cOnsidering-'j T
appropriate location of power gources; it was- decidect o seek power sources in the R
~north, - In other words,. the’ dlstrlbutlon of demand w111 be’ 40% in the northern: reglon
~and 60% in the southern region, but in the present. plan. including Paute Hydro, _ '
power sources would be concentrated in the south in contrast to the clemand 50 that ,
" power transmttted to the noith would be increased whlle there would be'a limit to. L
transmission capacity and it would become necessary to extend lnter conneotmg
L "transmlsslon lines, I‘urthermore power sources to be concentrated.in. only one:
regi on would brmg abcmt a usk of complete outage at demand ends having no. power
sources if a fault should occur in a nation- wide interconnecting transmlsslon liney -
Consequently, it is judged that it would be econommal and advantageous in; system
" operation to scek the power generatmn pr oject to be selected to follow the Paute - 7
Hydro First Stage in the northern area, and moreover, m the vicmity of nat;on Wlde
mteroonnecting transmlsswn lme presently planned ‘ ! :

7-2-3 Powe1 Genex ation PI‘O_}thS ke

"Ehe hydroelectrlc pro;ects in the northern reglon mvestlgated by INECEL G
up to the present, the hydroelectric pro;ects contemplated by the Survey Mismon RN
in the present study, and the thermal pro;ccts wtuch would composo alternative
facilities are as Lndicated in Table 7 7 - : :

e l.—,.a%ile |




" Table 7 - 7 Generation PlO}ect under Investigallon

Installed Fnergy . ‘ _
- Capacity _Pmduction T Performance:
s N "-fl'(MW)Z :: 4 _(GWh)" :; . Perfoxma_nce_ |
g i:T_o'étchl iS(’:_'été’g‘c"ji“.' g .': 78R Under investxgation
: (300) R : for definit study

- Project |

'”}‘“Guaynabarnbarqo 120 fi“{i 1 435__ '.;Proposedlnrthe
B, (420) o Mission
N Mon_i:ufaf S _:_’_150- S 43 I“eas:b:llty study was"
ool nn s o completed in 1974
; -Guaylialiémba'_'l_\lo'.z'}_ L 1000 . 432 - Proposed by the
Do ST e e e T Ml'asion B
s ":‘Gt_ié_lyl,ltab'aln_b'a No.3 . : 230 <. 889 'Proposcd by the
L e i _.'Mlssion o
o f-.:Sto Dommgo thermal '300"" 1,738 o _'Proposed by the
(Steam) (100 X 3) _3‘ ST Mission as alternatlve

e 5'No'te::"‘Eigu"r's!flﬁ"péxentjhes,ié_ _iiidfi.é_at'e f_‘inal_: ootput o'ff power: étét_‘ions -

S . The particulars of the plans and the econom[o compausons of the prolects
: are as mdicated in Table 7 8 ' Pl T :

SRR Other than these pro;ects, the Coca Hydroelectrlc Project is being carr[ed
: ':-Vout by INECEL _but singe therc are many important matters concerning this project -
Wthh needs: further mvestlgatlons in future, this was not mcluded in the candtdate

s sntes in 1.he present study
R "’?'42'{4‘. anmination of Development Sequence o

R Regardmg the power generatlon pro;ects which should be developed from = .
1985 ; the six cases’ mdlcated inT able 7-9 were considered in examming the optimum .

3 standings of development. L R

R S
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" Table 7-9 - Combination of the Projecto to be Developed in and after 1985

o Profeet.

Stég’a‘:f_'

_ lﬁstalied :

. capacity

L Year of

coriipleation |

Project

. Stago

" Installed .

capacity

"Year of

L (MW) compteation

C(Case ) .

: ’_mem-;a:ls'to‘.'%

Domingo
: .-'_Hy&ro"f‘éachi

H):wdro -

Guayllabamba -,
B L T

. Total

©No.t - Unit
I No. 2,3 Units,
st

' _1s't_

‘No. 1,2 Units~

No.3 Ut

' No. 1,2 Units

100

150

s

210

235

200

Dee; 1988 | R
“oo - | Thiermal Sto,

. Dec, 1985

Dec, 1986

. Dec. 1987

* Dec, 1989

- 1{Caso 4

Hydro

. Guayllabambs

_ No.1

Domingo -

n ,qu;o".l'oachl

. Total

o, | Unit -

No. 2,3 Unlts

No, 4 _Unii

No. 1,2 Units
No.3 Unit

ist

No_.'l Unit

- 105
210

105

200

100

w5

-Dec,

Dec.

75

1985
Dec. 1986

Dec, 1987

Dec; 1988 . -
1989

Dec, 1'989 .

‘ i!yd‘r"i? "I'ogchl. }

Mot

" Thermal Sto, - -
© Domingo- -~

. Hydro

- "Guaylisbamba
o Mo

lot

- !st'

C Ne. 2. Unde

No, 1,2 Uniis

‘Mo, 3 Unit

iNo,t  Unlt

© No.3 Uit |

No; 1,2 Units

SN

e.:'.is'_':..

100

o0

100

210 -

735

Dec. 1985

]_)'ec.r 1986

Dec, 1986 .

Decs 1988 |

' Deé. 1989

{Case.5)
) ']"he[mal Sto,
. Domingo.

LI | I

Thermal
- Guayaquil -

- Total

No.1 Unlt -

' No.2,3 Units

; - No_l Unit .

‘No.2 " Unit

No. 3,4 Units

100
" 200
425
125

250

-Dec,

T Dec.

" Pee.

1985

1986 -
1987 -
Dec,

Déc. 1989

* Total
(Case®
CHydro i

© Guayllobamba. o
. J Ne.l” Unit

g ‘. ) _No_.‘l -

“Hydro Tdach'lw‘.: .

o .,-'Ihériha!_Sto._j‘ e

" Domingo

) Totel

lst

" NoJ4. Unit.

No.1,2,3Unlts

' _No.l._f Ghlfs

105

.10

225

' Dee., 1985 |-
Dei; 1986
Dec; 1987 -

' Dec, 1988

Déc. 1989

(Case§)

Thermal Sto,
. Dominge

" Hydro .
: Guayllabamba

No.l -

Hydro 'l‘p'échl

Total

18t No.1

- No.i- Unlt

_ No, 2,3 Units -

No, 1 .Uf.‘“-. -

No. 2,3 Units
Mo, 4 Ulﬁt

Unit

100
200

105
210
105
75
795

Déc v

1985
Dec. 1986
Dec, 1987 -

Dec. 1988

Dec, 1989

. Dec. 1939

1988 -



E Norte Thermal (30 MW) and Guayaqml The1 mal (146 MW) will be only enough to filt

7~2-5 Compartsons of ‘Sequences of Development

’1 imes of development were cstimated for the above six cases and the -
~‘economy was compared eonvertmg the annual costs of all of the systems i.ncludmg S
the ex1sting systems to, values as of 1980. The reSults are.as shown ln Table 7-10._ -

rI‘able 7 —-10 Order of Development

Accumla(ed prcsenl
» annual costln 1985 -

(}rderc! Develcpment RRETEI | uss Order

B - ’mermal “Toachi ~ Guayliabam}-a No.. 1 I
- ‘{300M‘-'J) 2SMW) - @UOMW) o edsis8e S

2. " Toachl - 'Fhexmal Guayllabamba No. 1 T A
= (ZZSMW) (300MW) (ZIO MW) Tl 6T 720 SR

3. Guayllabamha t\o l— ‘Thermal -—-Toachl- o TP RO
T BMW) T (MW (SMR. 670,663, T 8

e _Guayllabamha Mo 1 — Thormel ~Toacht © . . . - TR
oy (:momw) OSMW) . 69BS. 4

- S 'Thermal Thermal B T SURTARE R R
- _'(:soomwy (500MW) T TN = 1 7 SRR NP A R

6 Thermar: GuayllabambaN Hm‘&em" D ERRREEILE SN
_(300MW) (420MW) C (sMWy 66760 g

According to the above, it is. indicated that Case 5 in whlch 300 MW plus LT
i 500 MW of thermal p}.anls are brought into se1v1ce ts economically the best, On the o 7'
o other hand, the mfenor case 1s (,ase 2 and the difference between Ctxse 5 and Case 2

_‘1565%. S : e T O R

. _ I power sources from 1985 and after were, all to be made up of thermal
. power generators as- propcsed in Case 5, it would. be necessary to examine the -
_refintng capacity in petroleum produettcrt planned ian- beuador., _’I‘hat is; the situatton
~must be considered from the standpoint of bunker C heavy oll ‘There thl be a. dat!y
amount of 50, 000 barrels of petrolewn refined at'the Esmeraldas Oil. Reflning Plant’
now under construction of which 209, or 10, 000 barrels, will-be bunker ¢’ heavy
~oll corresponding to.an aniual productton of 3 mlllton baxrels. Assuming that all -
of this would be used at thermal power statmns, ‘the quanttty remaming after use at

the’ requixements of thermal power stations amountmg to ‘around:300 MW.. Conscquelmtly,":
in caseg more than 300 MW of thermal power st.atlons are to be added. a new fuel policy
‘will be necessitated Cih ST et p

From the aspects of the effeclive uttltzatmn of fuel and water resources, it :
was deetded to adopt Case 1. ~Although. Case 1 is mferlor to Case. S in economy, itis
‘the best among the cases that include hydro power, S0 that the new prOJects needed - _
to be considered in the laitex half of the long-range program studied Terein, in effect, e
a scheme for putting.into service in the order of thermal (300 MW), 'I‘oachi First Stage
{225 MW), and Guayllabamba No 1 Flrst Stage (210 MW), are lneluded in the ftlndiug
plan S

“The scheme for add‘tm“ ot power generatlon prolects ln and after 1985 1s W
illustrated in Fig 7 l Tables 7- 11 and 7-12. S : G EeH

':f:%s's—
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7-3 Tunlng of lntcrco:mcctlons bcf.wcen Nattonal lmerconnected System and
- Regioual Systems. : : : : .

- The lnstallcd capacity of the Flrbt Stage of Pautc Hydroelcctrlc Power PrOJect
is' 500 MW and the construction woxk is scheduled to be completed by 1984, ‘This".
capacity will comprise 40% of metallcd capacity of all of Ecuador in that yedr, -

Consequently, the electric power of Paute Hydro is enough to be supplled to the nlne
regional systems by the 230 kV national interconnection transmlsswn line to be "
constructed from Paute to Quito via Guayaqull and by 138kV branch transmlssmn
“lines.  Therefore, taking into account the exnstmg faml:tlcs and size of demand _
in each regional system, a swdy was made of the timing of ml.crconnecuons between
the National Interconnocted Sye.tcm and wgmnal systcms, -

’7.—3-—1 : -Prcconditions

- In the 230 kV nation- wulc Interconnecting tlansm1531on line, the sectmn ' .
between Quito and Guayaquil has already been put out for biddmg and is scheduled to be -
: compieted in June 1978, Meanwhile, 138kV. blanch lmes to the Norte; Ptchmcha and
Centro-Norte Systems are presently under construction. Except for the abovement- .3 '
ioned lines and the Guayaqml District which would be the major. load center for Paute” = -
" Hydro, the times at which mtcrconnccticns would be made mth fwe systems and twWo

d1strict9 were studied. ' : : - : :

o Thc mcthod of study was tc ccmpaie the energy costs at the outlets of . _
secondary substations {138/69k V). to be provnded at the ends of the branch transmh-'t S
“sion lines in'case of supply of the. ‘electric power from Paute Hydro Power Plantto ' o
" load aréas by the nation- ~wide mterconnectmg transmission line and the g,eneratmg cost
at a diesel power. station as alternative power generatmg facilities based on the .
- electric power demand in each year, and the time. for interconnection of a load area -~
was taken to be when it becomes cheaper to recewe power from the branch tr ansmis-* '
sion lines, : : ; '

The energy cost at a secondaly substatmn was calculated by addmg 6, 3mllls /-
kWh, the transmitting and: t:L ansforming cost of the 230kV interconnected’ transmmsion
* and transforming facxlmes to 15, § mill/kWh, the average geueratmg cost of Paute -
Hydroelectrlc Power Station during its service llfe, to arrive at 22, 1 m1lls/kWh the -
cost at the 230/138kV substatmn site for interconnection with the régional system
To this 22,1 mills/kWh; the power transmissmn cdst of 138 kv transmlssnon 11nes to :
138/69 kV substations Lo be constructed at load centérs W1thin each reglonal system
was added to arrive al Lhe energy cost of powel recewed e :

The particulars and data employed m calculatlon of gcnelatmg cost al.e as
described in 7-3-3, : D : :

7-3-2  Results of Study
The results of comparisons of costs of power received by transmission
lines and generating costs of diesel generators for five systems (Centro Sur, Sur,

Esmeraldas, Manabi, El Oro) and two districts (Santa Elena, Babahoyo) are as show n.
in Table 7 13 and Flg 7-2. As can be seen in the table, it w111 be econonucal for the ‘



three regional systems of Centiro- Sur, Manabi and Gl Oro, and the two districts of |
Santa Flena and Babahoyo to receive power from Paute Hydro making interconnections

at ea11y dates as much as possible, while in view of the scales of power demands and

_ existing generating facilities, it will be: economical for the Lsmeraldas Syetem to be
: interconnccted in 1984, and thc Slll System in 1985 Do

':7,3L3 

-

Pa_rl;icmars' and Data: for Ec'o'nomic_: Comparisons

Gén_éra!:ing Cost of 'Pa_u!':'e_ E—Iydi‘belé(‘:tric Powei Station

‘Dependable Energy
. Dry Year - Average Year
. | (GWhy (GWh)
Primary-energy”-” 2,750 2, 850
- :Secondary energy o o 780 . 1,180
Total . SR 4,030
2y Constructlon Cost and Generat;mg Cost

a), _ _
: _US $ 348 3 X 106 (includmg mterest duxing constructlon)

Construction Cost -

Annual Cost -

: ."I‘he annual cost for the sen’[ce life taking into conslderation lags
in times of mvestment is US$ 43 2 x 100 as indicated in Table 7-14.

Dependable Energy

‘ _The dependahle energy production for the service life taking into

d)

.G_eneral;ing Cost . .

- consideration the period of latency is, adopting an average year,
2,730 GWh' amlually as shown in Table 7-14,

“Annual - Dependable Unit Energy

Cost Bnergy . -Cost
(US $ 105 (GWh) (mill/kWh)
- For Service_:_ 43,2 | 2,730 15. 8

" Life
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Table 7 - 14 Genérating Cost of Paute P.S.

Year ‘Aﬁx_uial(jo'st Dependable energy  Unit energy Coet
o L (0dusy . (CWW (mllls/kWh)

G ssse0 1752 203
2 38,650 2,628 _‘ 147

3 41740 . ._2.,35'0.'_" R
A wmme am0 s

5 44,830 2,850 . 187

s0 . 4483 '2,850"' S ) ::1.5.’__7:.' .

Mean 43,2000 . 2730 R 158

(2 "Construction Cost and Annual Cost of 230 kV Nauonal lnterconnectmg Power
P _’Iransmissmn and Transformmg Famhtles - ' -

1) -_--..Constljuction _Gost - o

Pascuales - Quito - US$54 700 103
‘Paute - Pascuales c US$60 600 X 103
Total S US$£15 300 x 103 o

2) Annual Cost

(construcl.wn cosl:) x (anmml cost ratlo) ) S 7
US$115 300 x 103 X 0,145 US$16 780 X 103j E

3) Transmissmn Cost. f1 om Paute Powel Stal;ion to 230kV Prunary o
Substatnon Oul.let : . _ R

Annual cost of 230kV. transnussion and trausformlng faciiltles .

_ (Dependable enexgy of Paute P.S8.) - (lmergy loss of 230kV primary
: tlansmlssmn and transfoumng facﬂities)

) T
_ 16,780 x 107 = 6.3 mllls/k_Wh
(2,730 - 48) x 100 SRR



- (3) ConstrtlctiOn Costs and Annnal Costs of 138 kV Powex Transmissmn ancl
Transformhxg Facilmes ' :

o The constructlou costs and annual costs of 138kV transmission and trans-
' 'forming facilitles connecting 230 kV national mterconnectmg power transmisslon and
- transforming famlmes with rcgioml systems are mdicated in Table 7-15.

--Téble,?’,j 1_5 g Anhual Cost of :13,skv_ Transmission and _Transforno_lng Facilities )

- Construction

sector S ‘Yoltage Léagth No. of Kind of . ‘Trensformer . cost o Annual cost
- ) (km) cireult conductor: MVA) (10%usg) {10%Us$)
© Pame - Cuénca L 0 2 4?1?«?31«; a0 5400 7%
Quevedo - Portoviels . 138 420 e v e 6, 600 960
- sto. Donitiago-Esmexsldas 138 0 - 1/2 20 3,50 1,240
" Milagro-Machala e s w2t 40 8400 1,220
 Milagro-Babshoyo I3 400 M1 20280 410
Pscuales-Ste.Blens 138120 S e es 9w
'.'Machala Tofa o _:.:,‘ S oase o "20: 8700 1,270

| "(ti): Energy Cost; in Case of Powel Supply from Paul;e Hydroclcctrlc Power -
: Statlon l:o 138/69kV Substatlon ' _ ,

L Addmg to the generatmg cost of 15, 8 xmlls/kWh of Paute liydroelectric Power
“Station’ duung its servxce life, the transmissmn cost of 0; 3 mills/kWh via the 230 kV-

- national mterconnecting transmission line to 230/138 kV substations, the energy cost
_at the 138 kV sndes of these substations will -be 22, 1 mllls/kWh '

Further, excludmg the. P;chmcha System and the Guayas l.og Rios System _
__Wthh will receive powesx supply by 138kV transmission lines, the energy costs for '
the seven other systems at 138/69 kv suhstatlons will be as shown in T'able 7-16.,
- {5) ' :-Serv.ice Iives and CoSt RatiOs of Various Electrl_c Power Facditl_es

: 1'1-) Servwe Life and Cost Ratio of Transmissmn Lmes and Substations

Average servlce life 30 years, interest per anmum 10, 5%

Capital recovery t‘actor o 11,059

Operatlon and mamtenance cost - 3.30%

General admims_t_ratwe cost  0,20%
Total 14,55 %




"I‘:able'?'—.ilé  Inergy Cost at 138KV Substations

1978

1979° 1980

'31981

1983

";98— o

_Substatmne(lSSkV/éékV) 1982
Cuenca, ' o S = L B
" Energy requirement(GWh) 105,3 1173 143.8 157.1 172.1 189.2-208,4 -
Trans, cost(mills/kKWh) 7.5 6,7 5.5 5.0 ': 4,0 4,2 3.8
Gen, cost at 66kV Bus( " ) 29,6 28,8 27,6 27.1 26,7 26,3 25.9 .
Portovicio ‘ ” Lo R o
Energy. requ:rement(GWh) - 96.6 '110,0 128.8 143.5 1858,9 175.3. 192.8
Trans, cost(mills/kWh) . .~ 9.9 87 7.5 6,6 60 545 50
~ Gen, cost at 66kV Bus( " ) 32,0.°30,8 - 29.6 28,7 28,1 27,6 27.1
_ Esmelaldas o _ e e o
- Energy requlrement(GWh) 38,2 45.2 66,7 76,4 -87.3 99,0 118.1
Trans. cost(mills/kWh) - 32,5 © 27.4 18,6 16.2 14,2 12,5 10,5
Gen. cost at 66kV Bus{ " ) 54,6 49,5 40,7 38,3 -36.3. .34.6 32,6
hﬂachara B S ' o ':' T B e B L
" Energy requllement(GWh) 77,5 92,0 ‘107.2 123,67 142,9 163.5 186.0
Trans: cost(mills/kWh) 15,7 13,3 11.4 9.9 - 85. 7.5 6.6
Gen, cost at. 66kV’Bus( ") 378 354 33.5 32,0 30,6 29.6 287
Babahoyo T S Ve SRR
Tnergy requlrement(GWh) .60.5 - 70,1 .80.9- 90,4 100,7 111,8 123.9 °
Trans, cost(mills/kWh) ~ = 6.8 58 5.1 45 41 3,7 33
Gen. cost at 66kV’Bus( " ) 28,9 27,9 27,2 26,6 26,2 25,8 25,4
- Sta. Elena VT e e R o
Energy requxremont(GWh) 41,30 67,9 79.9 85.1 90,4 100.0: 106,2
Trais. cost{inills /kWh) - 22,3 13,5 11,5 - 10;8 10,2° 9.2 8,7
Gen, cost at 66kY Bus( * ) 44,4 - 35,6 33.6 329 32,3 31.3 30,8 -
Lo_la o
Energy requirement ((;Wh) 27.8 35,9 44,2 52,3 62,1 72,1 82,7
Trans, cost (mills/kWh) 6.4 48,7 40,1 34,2 29,0 :25.1 22,0
Gen, cost at 66kV/Bus (GWh). 83.5" 70.8 - 62,2 56,3 51,1 47,1 - 44.1
Transportation cost ‘ .
Cuencs : ..I'._O_I s/.‘/g_a:llon. T4 hss,'mn .
Lojs . o0 : ha M
Babakoyo 0.5_ 5.0 "
Fuel Oil and Luhrlcaling ‘Ol cost -
., Bunker . chsc‘l Lublltcatlng o
c oit ol oo o
Cuenca 57,7 US$/ton’ 115.6 US$/ton : 3_36_U$s/wn B
Loja 54.5 12,4 36
Balahoyo . -_5_2.4 110,3 336 _:“__ ’



2y Service Life and Cdst Ratio of Hydroele_ctric Power Station

_Average ser v1ce llfe 50 years ‘interest per annum 10.5%

Capital recovery factor R - 10,87 %

Opcration and maintenance cost 2.109%

| General administrative cost 0.209
Total - 12,87 % -

0 3) Service Lifé and "Cost Ratios of Steam Thermal Power Station
' Average scrwce ltfe 25 years, mterest per annum 10,5 %

__Capltal recovery factor . . 11.44%
-._"'.Repair cost - o _ . . 2,35 %'

gggfonnel post and admimstrative US $4, OOO/man_

Fuel cost S . -US$47 4/ton -

'_lﬂ/; [nternational prlces should ordmarlly be used for fuel costs, _
‘ but the above prlce used as baSLs by INECEL was adopted here.

4) Sérvice;LiEe_and C_osp Ratilo of D.iesel P_o_we:_: Station

Average service life 20 years, Interest pex annum 10,5%

: 'Cap.u.‘e.il. feéove’ry factor - o 12,15 %
. Repair'coét_. _ . | - 2.35%
| l’ersonnel cost US $ 4, OOO/mati
Ruel cosl (under 3 OOOkW) - US $105, 3/ton
. (diesel oil)
: Fuel_ cost' (o_ve_r 5_,' 000kW) ~ US$47. 4/ton

(bunker C heavy oil)

General adxniniStrative cost : 0.2 %

‘Calotific value of bunker C heavy oil 10, 200 keal/kg

e 240 g/kWh
© . Calorific value of diesel oil 10, 400 kcal/kg

L ' 236 g/kWh
- Lubricating oil | : 4 g/kWh

99—



7-4 System Analy_s.is' on the National Interconnccting System
7;4-1_ Summary

" ‘he electrxc powor syslem In Ecuador ig plesontiy divldod into nine regional .
'systems, cach consututmg an mdepondent power gloup, with no interconnecting o
. transmission lmes - : -

_ INFCEL has a plan for estabhshmem of a systom of 230 kV transnmsswn '
~ lines for the purpose of inter connectlng the regional power systems Lhroughout the
‘counlry, :

In this plan, a two-cireuit, 230 kV intercoilaléciiiig line will he erected in
_ the Quito- Guayaquil Section (route length 330km) in 1978 and in the Guayaqull*
Paute Sectlon (route length 200km) in 1980 ' : .

“The Paute Hydrauhc Powe1 Plant scheduled for start- up ln 1981 wnll com~ R
mence operations at 200 MW, followed Ly an additional output of 100 MW cach year
‘until 1984, when an ultxmate oapacnty of 500 MW—«a largc sour ce of electrtolty—-ﬁ S
' w1ll be reachcd : : = - - =

. Hereunder, an investlgatlon WLll be carlled out on the probloms of. voltago e
1egulatnon, transient’ stabiln,y, and short~circuit capacity, in the event of reallzauon
of the network linkage throughout the country The present a:1a1y315, however, is -
conducted on the basms of the INECEL's origindl .plan, ‘with some partial modiflcatlons .
on the followmg thx ee pomts deemcd desurablc i the course of our examinatmns. o

{1 Outgomg Famluieq at Paute Hydrauhc Power Plant

' As shown in Flg 7- 3 the or1gma1 plan supulated an outgomg system at the
Paute Hydraulic Power Plant, in which the generator voltage was being stepped up in
two stages of 138kV - 230kV, - Since the bulk of the power generated at the Paute
Plant is being supphed to the 230kV side, a two-stage transformation such as this
will entail an additional impedance due to the (luphcqtlon of transformers, as seen’
from the generatox side—-—a value equivalent to about a 40 km, two-circult, 230KV -
transmission line, This is evidently an uncleszrable situation from. the viewpoint'of = .
transient stability, Tholefore, & moclifloauon, as shown in Fig 7- 4, is made so L
that the generator voltage wxil be steppcd up du cctly to 230 kV - R

(2) Extension of Ono cnrcuu: in the Paute Mllagro ,Section

In the original plan, the Paute- Milagro Secuon consksted of a two- olrcult, -
230%V line, [f the direct 230kV transformation is adopted at Paute, the two-circuit
line cannot carry power of more than 300 MW due to the transient stability limitations,
and the line will be incapable of carrying the output of the Paute Plant in excess of
400MW. Therefore, it becomes necessary to add one “additional 230KV circuit to the .
Paute-Milagro Section when the power . plant reaches an output of 400_MW

100--



- Fig. 7-3 Paute PS Pull Out Method ( Origininal)

~to Milagro <;d_;;#__;_1 —
R ST 230KV

_gég 225 MVAX 2 '
38w B

120 MVA X 2

- _ 100MWX 2
to Cuenca :

" Fig.7-4 Paute PS Pull Qut Method (Alternative)

"}o.M1Mgr6 e
C T esew

SOMVA X 1

120 MVA x 2
~ 138KV |
jooMwx 2
to Cuenca.-

S ) y demg a Transformer Bank at the Pascualcs Lmkmg Substation

L The orlgmal plan stlpulated mstallation of two transformer banks, each

‘bank consisting of three single-phase, 75 MVA units (225 MVA), The peak electric
power passing through this linking transformer bank in 1985 is estimated to be 120 MW,
. and consldermg the shut- down of one 73MW unit at the Guayaquil Steam Power Plant,

. ,'lnstallatmn of one transformer bank (225 MVA) will be quite adequate, Therefore,

our calculations W111 be made on the basis of a 225 MVA transformer capacity at

o Pascuales. L

'._':7~.4.~2  : Volt_ége Regtliation:
(l) ~ ‘Standard _for V_’oltage Regulation

' rl‘he key to Vbltag_e regulation is how to adjust the halance of reactive powex
" of the system, and voltage regulation is carried out by means of generators, phase

.- modifiers, and transformer taps.

—101—



' -The-standerd for voitage regulati(m 13 sot u’p5 as cfoecribed hcreu_nder.

1) - As the object of the investlgation, conslderation was given to the Lhree
oporatmg conditions of the system, namely, at peak. load and off~ peak G
‘load arising in 1980 when the nation-wide Lnterconnecting transmission B
line is completed, and at peak-load ausing in 1985 when the- Paute it

: Hychaullc Power Plant reaches an oulpuf. of 500 MW

2) Voltage: regulauon at the busbm of both the ?30 KV and 138 kV Systems
- {5 set at 95- 105% and that of the goneral.br l.ex.mmal voltage at: 95 105 %,. S
Eor operatton within the Lated power factor. ' B

.i 3y T he loads on cach transf(n mmg bubstatlon are . as, shoWn in Table 7- 17
: ‘and the correspondtng power factors are assumed as’ 85% in 1980 and
90% in 1985 - The off*- peak loacl is taken as 40% of the peak load

4) ln hght of the large voitage varlauons arlsing between the hours of
- peak load and off-peak load, all the uansformers will be provnded )
.thh load ratio ad]uetors : ; :

2 (2) _Results of luvestlgation on Voltage Regulation

An zmpec!anee map of the entlre mtcrconnccted system lS shown in Flg 7 5
and its power flow diagrams in l"lge 7—6 through 7-8, L :

: At off - peak in 1980, when the load is- 11ght and the pwer flow in the tranmmssmn :j

lines is accordingly small, the voltage fise due.to ground capacnty will be so large as to
raise the 230 kV system voltage to 110% or more, if a shunt reactor is not provlded An .
- 80 MVA capacity shunt reactor will be required in the system. At peak load in 1985, '
“the heavy power flow in the transmission lines supplymg power from the Paute Hydrauhc
Power Plant to the Guayaqual and Quito areas wlll bring about a. big loss of reactive .
power, thus oausmg a-voltage drop in the 230 kV. system, Tor compensat:on of this = -
- voltage drop. capacitors of 100 MVA capacity will be’ required in the entire system.} .

The phase modlfler installations for each transformlng station are ‘given in Table R
7- 18 - -

1)- Shunt Reactor

The year 1980, when the 230 kV interconnected transmission Hae .7 7
system (Quito-Paute, 530 km ) is completed will be the most cr1~‘=— L
tical period in terms of voltage rise. Especially, at off- -peak load e
the 230 kV system voltage will rise to over 110% because of the light ;
load, To keep the 230 kv busbar voltage below 1059, the power sys-
tem will require an 80 MVA reactor capacity, The longest transmis- S
sion route is the 155 km section between Paute and Milagro and the Sl
voltage ris¢ due to Ferranti effect is not so big, being only 102%. _
Therefore, the shunt reactors may be 1nstalled on the tertiary side '

of the 230/138 kv ‘lmking transformers. P

..——4102:;“ l. B



- Table 7 - 17 Demand at Each. Substation :
. . - Unit : MW, MVar

e yes0 1985
. ?“- SHON - Peak - Off-Peak . Peak . Off-Peak .

odbarra. ¢ 24.8418.6  9.947.4 35,0H17.2 - 14,246.9
. ..Plchinché- o o ST | -
Quito - .. 160,64j120.5 64,2448, 2 273, 34j132. 4 109, 34§52, 9

Sto.Domingo 8,866  3.542.6  19.549.4 7.843.8

, Cent’r.o-i.ﬂ"_or'te BRI P o o .

CAmbato - 62.2446.7  24,9418.7 10144491 40.6419.7
Cénfr:'o-Sur'.'-'_ e | L ' _ L |

. Cuenca - L 88,6H29.0  15.44j11.6. 0L, 2H29.6 - 24.5H1L9 .
T Rt 24,8412.0 . 9.9+j4.8
.'_.E-Sfﬁeréldas"r R e T R .E L SR
- Esmeraldas 14.3H10.7 & 5.7+4.3 - 29.3H14,2 - 1L 7H57

.-I Mz nabl B :

" Portovicjo - 30.74i23.0 12,318.2  51.34124.8 20,5499

.'IGu'ayas-LOé-:RiOES; T e ‘ L
Guayaquil - 23L.6+j173.3 92.6+69.5 379,54]183.8 - 151, 84j73.5
Sta. Elena . - - 18.2413,7 - 7,345.5 . 25.3412.3 10,144, 9
Milagro 0 2B.0H2LO . 1L248.4 3724180 14.947.2

B __'i_;abahoyé' 20,6415, 5 8.246.2.  34,1#16.5 13, 6+5.9

© Quevedo . 14.0410,5°  5.644.2 21, 1410, 2 8, 4+4, |

9. ElOro I L , A

 Machala . = S~ 30.6+14.8 12, 245, 9

Copotal ﬁ:6_52.:4+j489,5 260,8+194.8 1124.24544,3  449.54217.1




ECUADOR POWER SYSTEM

Fig.7- 5 Impedonce Mup in |985 IOOOMVA aso'“’ias Bage -
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ECUADOR POWER SYSTEM
Fig.7-6_ 'Po:wer Fiow.ond Voltgge Re_guiqtion' dt Pegk Time in 1980

HE )AL

1934107

Qmm;

urarjee?

IGDOOIIZDO

O

- B ‘Nuoo) - 134140 9 .
tora (8w A - ESMERALOAS enito A0
19008 NEF
3”7 A : 18rps
: SANFRANCISCO
YIS 9 iy
3-i8 1 _mp_\'ﬂ' —-yHOasonu
T I Tricos) oy 7 e Joag fia :
1032 3% riohe ' ENTRAL Hi
: ST0. DOMINGO SANTA ROSA Y ¥-1°4 . CENTRAL NoRTE
: W2 'V;’IIDOOF ' T f9h0’ 5:5;1‘
S : . R 1038 TTF _l_g_;\'!"d'___r'
: _|4omo.o9‘ o <’ . ‘ |
. . . ~ Y .
268153 4.2 34408
r.ﬂz N . ’
mnm JW" X 31-110
2241t P!wiﬁYAMBO
_ ht . ki
: whit X eeor | | quevepo - - Aoze (82
sﬂw e B w1032 \58 _ _-\—%—*H- ]asmzso .
S ; i o 33430 : .
N T - Lbous ' im0 P wozadsa. '
1 2 +
'@’C:PQRTOW;‘.I? ) oa 8ENRG - '.AMG"\TO
: < eayVIE b 1000188 s2HY ‘9“” J__,onmu
wmesel ) - o :_-{996)' - I"‘( )’°°"'°°
260 H130 b L ALE BAﬂAHOYO
- i 290 {24 :
Ao
4 A28 )
: \_«.iza' . \« iu ] o-me PO
: ) "m rri> i} I /‘> .
PASCUALES - . 1 L. }° mrrf_.__.LJ__ PAUTE
e it MILAGRO1PTI] 128 | - A 1281
) ) : I n . ~Jr3tt)20 gtis [ v
B s mant | 103040 — 1088 B 1088 T8
Lewe e | : 1_99.0):: [ 91)10
KA S .
&‘l"'-gol»'sﬁgnﬂ'aém;“'l“ - b Sl
I A WF’A & Siliss zaoim% :
. 1B2EST 11150 Yherar Lieror MW—————; CUENCA
i : . AR e (580)
< fabegap . 1030 " i 1000T9F ko
ERaa woorfe LT o -
saiiios 1 aMetTIT I e0g
wsomk Ty Wivieo - _HOTE ee1jEa0 :
RPN T 1 : Top of Transfomes ' 1001/100
O <R Shont Reacler
44— : Shunt Capoeifor
1009 : Bus \ullage %) and Leading Angle
paes Bus‘\fo!_lpgc(%)md tooding Angle
Unik L MWeond Mvde ’

‘Line Losslll'm.*_ 2.6MW -

05—




o EOUADOR POWER SYSTEM R
Flg 7~ ? Power Fkow ond Vonoge Regulonon at oﬂ Peak Time in !980 ‘

6OV iRs IBARRA

E : o . L s sezneag o TEARRAL -
m,ml_?_ o oL Cv) SRTER P =t LT

1113 ] Y L

LIOR L
SANFRANCISCO

CENTRAL NORTE

’Ima ) . : o - : ::l}?.ﬂ

L AR T R A €SMERALDAS :
'_ unu—? o :

: : ‘tmw" L
STO, DOMINGO : - SANTA ROSA vb_i-jal
s mm-,moa

T attis

-7

v L L
"i!"“'o':" A Fl-llo

1 Qe

4,
a0

T " - ¥ -
- g2eh20 LT 8.104 .

. . : *: Bs-ivo .
A3rjte - ’ : . : a L ?ﬂiﬂr’mo

- ng & i : L . _ .

SR 1200 § g g . . e ) N -

1Y g-o""?l' ©| QUEVEDD . R a . ’ : i -\—}—el{)ume

) RO 3 | W . _ S e + s (0t s
191.0) Le PORTOVIESO N obasejin o e = . o Co L

S W ~ S i 9 L e -AMBATO ”

: -T— _lm\‘ﬂ‘ T L g joao. 88 REITT § (uea l_,“,mn :
'”".26 o o - o B e 1) B : I-(Oll4ﬂo

: . Co L e e T pARAHOYO e s
STTL N

N .asu_n:. .

_ zk-|te 2 o s L st .

smswn | || £ )lH[) ey | AT
{ LT -__.L_tw PA.UTE.-

PASCUALES ; :
' : Srjea J (K2 MiLAGRO“W'y RIT | 0414
. o 1290 \vl’"” ) -

)

KOS R AL m w3 S0

o g B S

15 :
.l’s:.orm - . . b —*r'-" [ UAT E S
A SMJTA ELENA |'-I"'l o o R 'n‘atlu'.'g s o

4+~ Gmmm - . _ _
_ 3y »éu—-mo» . S o LA «—-—-—-—cusNCA
"””% "Q‘ RN B A O v L I
e . o . Y Yl
(900 Mi" ) ‘ . L m ‘_“_
: “"‘“”—‘": 1 (5'“”‘.” B .b' : : . ‘|5.u|u-¢ o
) MWQ ot)0 N () Top o Trunsfomr o i
o " e 1 Shunt Redctar o D
o~k : Shunt Copociter . - .
' : ' ‘ o 1000 £ . Bus Vollage {34) ond Lesding Angle
000YT: Busw«oo-mwuqqmq Angle
CUA L MW and Mvar
Lifie _Lou A ') = 3OMW

3

¥ e

=

h) .

L S



 ECUADOR POWER SYSTEM
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Table 7 - 18 R_equilfed Reacto_r' Power Generating -'I.?_acilities'

: o T Umt' MVA
' S Shunt Reactor . Shunt Capamtor
5 ‘S,Ubs at:onu _ : _(19.80_ Off 'Péa_k); RS 1_985._Peqk )
Sta.] Rosa (230kV/138kV) T AP S
Sto, Domtngo (") S0 e
Quevedo (. oy 200 o o
. Pascuales © (" y oo 20§ . ) e 200
Paute _ o L . ) 110 . - B . L 0
Loja U (188kV/6OKVY . o Lo 3

L 2) Shunt Capac1t0r

At peak load in 1980 the power flow in the transnussmn lmes wiil be
RO 1) small to cause any voltage drop, and installauon of a shunt reactor '
" will not be required, When the Paute Hyd raulic Power Plant is put info. " .
service, however, the power flow in the transmission lines will become’ 3
50 Hieavy that the system capacitor requirement will amount to 100 MVA. -
at peak 1oad The shunt capacitors, like: tlle reactors, _wﬂl be. mstalled o
on the tertiary side of the t;anaformers. ‘ ' =

3y "Load Ratlo Controll Transformer _

-_Up to 1981 the powe1 flow in the u ansmlssmn lines wlll he Iight for
both on-peak and off-peak loads, and the 230 kV busbar- voltage wilt bo
~subjected to little voltage variations, When the Paute Hydraulic Power .

" Plant is put into service,. the powe r ﬂow at peak load will become heavy o
with the result that the voltage difference between peak and off—peak _
loads will become laiger. Also, the 138 kV transmlssmn qystem, like o
the 230 kV system, will be subjected to wide voltage va riations, as they '
are mostly of long- d:stance lines. . Therefm'e, transformers without' = -
under -load tap changers are considered unsausfactory,-and all trans- L
formers for system-linkage use will be equipped with under -load tap--- o
changing devices on the primary Side. The range of the load ratlo
transformer taps for each transformmg station is shown in Table 7- <
19, and results of our analysis on voltage regulatlon mdleate that taps e
in the range of 230 kV 109 are adequate for keeping the secondqry
voltage at the target voltage, w1th a fair margin._ e

~108—



“Taple 7 - 19

} qutagc of Substation Bus Converted _to Th p' |
* Voltage of On-loard Tap Changer

Substation

1980
Peak .

o Off Peak

Sta Rosa

~Sto, Domingo ( "-" )
" (138kV/69kV)
" (230kV/138KV)
 (138KV/69KV)
(230K /138KV)
. (138KV/69KY)
' (230kV/138kV)':
E (138kV/69kV) -
¢ '
(138KV/46KV)
(138KV/69KV)

Quevedo
Pascuél‘es :
Milagro o
 Paute
Ibarra
.'Ambaté':
-QU.ltO 2

Es meraldas

L Portoviego N 4

- Santa Elena
: Babahoyo -

.".Cuenca

: Guziy:a(juif ¢

~ Machala

(230kV/138kV)

N )

( )

(.' . )- .
S R

( )

( )

( )

100,
100,
100,

97,
97,
196.5 '

98,0 .

98,

95,

o o o o W o,

92,0

93.'5" '

96,0
100,0 .

1000

98.0

99,0

98.0

97,0

100. 0

101,5

100, 5
100.0
100.0

100, 0

100. 0
1000
£ 100.0
97,0

96,5
95,0
100,90

97,0
97.0
99,0

97.5

95,0

103,
o5,
95,
102,
100,
94,
95,
99,
95,
9.
o4,
101,
95.
99,
97.
93.

Note:

- lSSkV

S (1) L, T C to be installed in Substations will be equipped
C -'_w1th transformers :

: ('2). -~ Figures mdicate percent voltagc based on 230kV and



(3)  Supply Particulars of Power Plants

The total supply capability in the interconnected system will be 742 MW in -
1980 and 1,274 MW In 1983, and the corresponding peak loads will be 652 MW and 1,124 B
MW, respectively. Thus, the respective supply reserve capacities are 90 MW (14%)
and 150 MW (13%). The toad of each power plant will be distributed in such a way

. that hydraulic-power and steam-~power plants will take the base load, while gas and
dlesel power plants will partially carry the peak load. A break down of powe: supply
capability of each plant is shown in ‘T‘able 7= 20 _

- 7-4-3 Range of Transient Stability

The results of system transient stability calculatlons are shown In ’I‘able 7 =21,

An analysis is made of a case of re-closing a single-circuit line, assuming
- _that a.3-phase, ground short-circuit has oceurred at peak load time 1n 1985,  The
_ circult -hreakers on both ends of the faulty transmission llne are to operate in a RN
sequence of 0 CO, at the following intervals. : . o

Fault :
break out

] R R T T s
A 6 Hz | | 24 Hz “ : IeHz I

open . Cclse  Open

“The power flow just before occurrence of the faults is shown in Fig. 7-8, -
The results of analysis on the two-circuit Paute- Milagro Sectlon indlcate, as shown SRR
in the swing curves of Figs, 7-9 to 7-12, that in the event of a 3-phase, ground Lo
short-circuit in a slngle circuit of a two- circuit line, the system will remaln stable, B
provided that not more than three generator units { Outpit 300 MW) are in service at
the Paute Hydraulic Power Plant. In this case, if four or more units ( Output 400 MW) .
are put into commission at the plant (Fig, 7-11), system stabtlity will be lost and the -
generator units will lose synchronism In about 0.6 sec, If the Paute Hydraulic Power
Plant is operated at 500 MW and the Paute- Milagro line is extended to three cireuits,
system stability will be assured in any. of the previously mentioned transmission line
faults,  Therefore, the Paute-Milagro transmission line will be- expanded to three-
circuits at the same time the Paute Hydraulic Power Plant output is increased to 400
MW in 1983. ' : S

7-4-4  Short-Circuit Capacity

The distrtbutlon of short-circuit capacitles at peak load in 1985 is shown in -
Pig. 7-13. - T : .

The short-circuit capacities of the principal power ‘plants and transforming
stations are shown in Teble 7-22, which indicates that the breaking capacltie_.s of the .

10—



" cirCili.t-brea_kers may be safely chosen as 5,300 MVA on the 230 kV side, 3,100 MVA |
- on the 138 kV side, and 1,600 MVA on the 09 kV side, .

Incid’ental'l_y, in th.i'{cs calculation, xd' is used as generat_of_ponstant.
- .' “Table 7 - :20: _ Breék_i)own of Supply Capability

Unit ¢ MW

" Dependable 1980 1985
. firm power: ~ Peak ~ Off Peak Peak

Statlon -

 Mbarra - H-70  H-7.1 o T H-7.1
S p-38 p=o 0 0
_oswbrotal 109 o o7 0 7.1
SQuite H5.5.  H-855. - H=750  H-355
. g-234.  G=2.4° . 0 G-234
 D-3.0. D-30 0 D - 31,1
Subroral o l47.9 1479 75,0 ©140.0
o .:"Sar_lt.o Dmﬁ_in‘go B B D-7.8" -0 0 C 0
 Ambate . H=-13.4  H-13.4 H - 13,4 H-13.4
B D-196 D-166 0 D-13.6
gub Total 30 300 13.4 27.0
Ccuenca 0 H-1209  H-129  H-129  H-12.9
S S p-2,0 D-17.1 0 D - 14.1
subtotal - 33.9 30,0 129 27,0
Loja - . - H-2.4 . - . CH - 2.4
R . D-6.0 - 0

. Sub total | _ 8._4-5. BRI . . . 24

'_,111'—'— |



Station’ - -

Depén.('labl'e E
- firm power |

1980

1985

Peak

"G Peak

e ~Peak

“Rsmeraldas

G- 9.7

Poxtoviejo
| D - 20.0

Subtotal o o .2_9,7: .

' __GuayaciLiii N s - 61, 1

Sub total

st lena
wiagro
_ B.ab:sil:aoy.b
Ql_l'eved:b‘ '
Macﬁaia

Subtotal 19,7

D-158

8 '~_-61‘i
G946 .0

I

1631

D106

230 0

| D ;':'l(‘)':.ro ' . 0‘ o

D-1L5 0 D-iuLs.

- D "':37-5‘.3_ o

s-6l1

R T I

Coass7

~112-



Dependable 1980 1985
firin powexr = Peak .~ Off Peak Peak

. Statlon -

CntroMNoxte - D-291 . D-=2,0 0 D-2.1
 Pisayambo - H-69.2  H-69.2  H-650  H-09.2
Guayaquil S -69.6 S -69.6  S-30.0  §-69.6
S §-69.6 8 -56,8 . §-37.4  5-60.6

_ _ (Swing G). (Switig @) ~ (Swing G) |
100x5 - - H-100x5 °

b W
. (Servicein 1981)

" “Total i l—l 602.7  H-188.1 H-166.3 1 - 692.7 |
o s a03 s 1875 §- 974 8 -1907

-7 6 1277 G- 0 G-127.7
 p-a8.2 p-15L,7 D- 0 D-139.1

24890 - 655.0. 2637 1,150.2

. fotal Demand - 6524 . 260.8 11242
- (Bxcept.Loss) = R : :

N_ote:f' ' 1—1 L Hidi‘o Pdwei' Plant’ G : QGas Pow_er_ Plant
: .8 '+ Steam Power Plant D : Diesel Power Plant .

. Table7-21) C0

;.:f:Yezir -.Ou_tpi]i::(:)f _Pguté_P.S.ﬁ" | Fault Points Judgement Reference

g 500 MW . Paute - Milagro . Steady Paute-Milagro
R B : S 3 cet -
T | Unsteady "
o : e » : 2 cct
oMW R Steady
N SOOMW " Pascuales -Quevedo " "

13-




~ Table 7-22  Short Clrcuit Capacity =

. Breaking Capacity - SR
Station. . o (MVA). .o Remarks

‘Santa Rosa. 230!{‘! o 950 : L | Xd'. is used as'g..éhératm;- ‘
e 1sskv . 1,022 S constant - :
Santo Domingo 230kv. ¢ 978
e 138kV. - - 333
ey 216
Quevedo . 230kv L7
S I3V 543
o 69KV 284
rPa_écuale_s‘ C '230ij_ e 1;_646 o o
e sV sy
Milagro - 230k 1,649
W 38kV 1,028
Paute _ 230kV © T 1,982
W 138V 44
! - Generator 2,426
Terminal S
Quito S 138V 939
" 40kV . 963
Guayaquil o 138kv .1.,"352' '
. 69KV 1,535

“-
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) " . 'CHAPTER 8. INVESTMENT SCHEME

8-1 Required Investment Amount
8-1-1  Scope of Investment Scheme

In the scope of the Investment scheme of this Report, it was decided to
Include the power generation projects, the National Intercomnecting Power Trans-
mission and Transforming Program, and the Regional Electrification Program
described in Chapter 5 as composing the Long-Range Electric Power Development
Program, survey costs, ‘personnel training costs, and further, the funds required
up to 1984 for power generation projects to be developed in and after 1985,

8-1-2  Investment' Amount’

: The total investment amount required in the ten-year period from 1975
through 1984 Wlll be 882, 38 million US dollars, and it will be necessary to invest
an annual average of 88. 24 million US dollars, Of this amount, the investment
amount required for power generation projects will be 576, 38 million US dallars,
‘while the amount for power transmission and substation facilities will be 175. 40 mil-
lion US dollars, INECEL will also bear a part of the necessary funds for the Reglonal
Blectrification Program which will amount to 73,60 million US dollars, while the
amount f'or surveys, p,ersbnhel training and others will be 57,00 million US dollars,

'Ihe investment fund reqmrements in domestm and foreign currencies are
‘shown in Table 8-1 and the construction costs by year in Table 8-2,

Table 8-1 Investment Required by Year
Unit : 105 US$

F. C. L.C. Total

{1) Generation facilities 341, 150 141,950 483, 100

(2) Mationat interconnccting 139, 230 36,170 175, 400
transmission and trans-
forming facilitles

(3} Racilittes to be developed 38, 580 54, 700 93, 280
in and-after L1985 '

{1) ~ (3) Sub total 518,960 232,820 751, 780
{4) Regional ¢lectrification 51,520 22,080 73,600
project
. (3} Investigation cost and i4, 390 42,610 57,000
others
(1)~ (5) Sudhtotal 65,910 64, 690 130, 600
(1)~ (5) Total ~ 584,870 297,510 882,380

Note : F,C. Foreign Currency L. C, Local Currency
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o 8-2. Income and Expenditure Balance
8-2-1 . 'Investnient:'Amount fo'r Nationel Inltei'collnected System

_ ‘The income and expendlture balance of lhe Long- Range Electtic Power
. Development Program was studied for the ten-ycar period from 1975 through 1984
_ _whlch Is the peuod of implementatron of the present loug- range scheme,

L T he investmem amount which must he coneidered in exammatron of this
income and expenditure balance is'the total construction cost of the power generation
projects for the National Interconnected System and the National Interconnecting -
‘Power Transmisslon and T ansforming Program, and the toatl amount required is
751, 8 thousand US dollars : : :

8~ 2-'-'2  Trund Procurement
(l_)“ ) Reserves from Petroleum Concesslon Royaltres

S 'Ihe Fcuadorian Government has decreed that 47 % of Income from
L royaltles accompanying petroleum: cxports are to be put up as reserves for elecl,rrc
' power deveiopment funds of INECEL

S s Thrs concesswn mcome depends on petroleum productmn plans and thoee
i productron plans are for 180 x 103 bbl/day from 1975 until 1979, and for 140 x 103
“bbl/day from: 1980, The ensuing reserves for INECEL from the concession royal-

ties .will be 53, 20 million US dollars annually for the five- years period until 1979

and this will become 41,40 m11110n US dollars-annually from 1980 and after,

- Therefore; the total amount reserved for the ten- years period from 1975 through

© 1984 will be 473, 00 million US dollars, Of this total amount of 473,00 million US
dollars, the investment amount nécessary for the Regional Jilectrification Program,

- survey costs and pere'onnel training cots totals 130, 60 million US dollars, and the

~ . investment amount resexrved: for the Intexrconnected National System will be 342. 40

million US dollars,

- The mvestment amounts reserved by year are given in Table 8-3.
(2.7 _De’pr_eciatio_n Cost -

_ "As from 1977 and after, power generation projects for the National Inter-
connected System and the National Interconnecting Power Transmission and Trans-
formmg Pr ogram will be completed in succession and facilities depreciation costs of

- these projects will ensue and it will be possible for these to he reinvested as con-
-struction funds,  The total of these facilites depreciation coets will be 90,60 million
us dollare.

Depreciatxon costs by year are as_ indicated in Table 8-3.
{3)- Loans from Fo‘reign Countries :
Of the construction funds requned, it will be necessary for the amount

exceedmg the total of the reserves from the petroleum concession royalties and the -
3 facmtles depreciatlon costs to be secured by loans from foreign countries. '

'4_1225
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The total amount of these loans, as shown in Table 8§-3, will be 426,30 mil-
lion US dolla ts, Of this amount, the foreign loans alyeady definite are 121,20 million
US dotlars, Therofone, the foreign loans to be expected will be as many as 305, 10
lmlhon US dotlars by 1984,

'(4)_\.23 Interest on Forelgn Loéms 'and Repaymeﬁt Conditions

_ The mterest and Lepayn.em conditlons concerning lhe foreign loans men-
' _tioned in (3) above dare-as descubed below,

p 1) . Paute Hydro Power Plant

Of the funds for c1vil works of Paute E[ydloclectric Power Plant
" the Inter- American Development Bank ( IDB) has made a long-term,
low~interest loan for the foreign currency portion, which is divided
into a "special fund" and an "ordmary fund " and the conditions set
- dre as fouows .
o S_p'eciai Fund o ' |
:Intereé'tj_‘.:.'. . : ; :during grace per'iod_l.'(}%
_ _ L ' other 2,09
" Repayment Period ¢ 40 years (including 10-year  grace)
o Ofdi'n'a'ryiFund_ _
,Iﬁtéresr B 89 _
| Repayment Period i 20 years (Including 5-year grace)
2) Norte Thermal Power Plant

“The Japanese Govermment and the Export-Import Bank of Japan have
made loans, and thie conditions set are as follows:

anary Loait (]apanese Government Loan)
Intelest I ' 4 75%
Repayment Period  : 20 years (mcludmg 7-year grace)

: SeCondar’g.r'Loan ( Export-Import Bank of Japan)
Interest C : 7.5%
chayment Perlod ¢ 7 years (i'ncluding 2-year grace}
-3) Guayaqml Therma} Power Plant

' COIltl act condltlons are bemg negottated for the Guayaquil thermal
power generating facilities, and since {t may be considered probable
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that an interest rate of 7.5% and a repayment })El.iO(i of ten years _
after the final shipment will be concerted; these condittons will be

applietl.
4) -:New Loans

I‘he COH(IithIlS stated above were apphed to the above thrce pr o;eets, OIS
: wlule regarding the undec:ded part of the amount of loans which will’
be made under the conditions below being consldered by INRCFL
" the repayment conditions and the interest and principal repayment
plan required for thc income and cxpendtture balance were examlned

- Interest . 1 8% per annum -

. .Repaynient Period 1 9 years (including 3 year grace)
"8"2';'3". Energy Sales 'I'n'c'oine

* The electric power produced at such power stations as P‘lute Hydro and -
: 'Guayaquxl Thermal to be developed by INECEL will be transmitted to the various -
regional systems through nation- ~wide interconnected transmitting and transf ormmg
_facalltics and: wxll be. sold wholesale to the clectrlc power compames in the varlous

: substatlons)

The enclgy sales income of INECEL must be calculated applying the cur rent
-olectr1c1ty tariff based on wholesale energy amounts, However, as even’ INECEL has =
. pointed out, the present electnclty tariff system In Beuador i$ not suitable to be -
adopted for calculating energy sales income for economic evaluatlon of this project”
because of such reasons ag 1) a proper. profit is not. taken into account,; ii) re- -
evaluation of assets has not been made, and iii) the fuel costs of thermal power
stations are extremely low compared with international prices. Therefore, the -
tariff system was disregarded here and as described in (1) below, the energy cost
at the wholesale pomte, namely, the seconda Iy sides of seconda ry substauons, is
adopted as the unit energy sales price for- calculatlon of the enorgy sales mcome and
examination of the income and expendlture balance -

(1) Unit Energy Sales Pnce |

The unit energy sa‘les price to be apphed to the fundmg pl-m for the Long-
- Range Electric Power Devclopment Program is to. be, as shown in Table 8-4, 30, 5
milis/kWh, or the unit average energy cost during service life of the generating,

transmission and transforming facilities to be developed by INECEL during the -
ten-year period from 1975 to 1984, including Quito Diesel Plant, Guayaquil Tllermal =

Power Plant, Pisayambo Hydroelectric Power Plant, Paute Hydroelectric Power Plant, i
and the national 1nterconnecting transmmsmn and transformlng famlitles.

This unit price is cheape1 by 13, Omills/kWh compared with the genelating .
cost at diesel power plants as alternativo facillties, and: may be Sald to be reasonable.

b
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_ (2)' Enelgy Sales

'Ihe salable energy. as shown in Table 85 was obtainod by allottmg, in terms
of supply and demand balance, the demand to be met with the generating. facilities .
owned by INECEL out of the demand to be met with all the generating facilitles to be o
~ coniected with the Natlonal Intex connected System and subtracting from the allotted: -
'dcmand of INECEL the transmission loss of 2% to. the seconda ry sldes of secondary N

T su bslations .

'The' sala ble ene ¢ gly'.by yoar. isznastin'c_lica_ted_ in;Table' 8-6..
- (3) Fnergy Sales Income :
The energy sakes mcome of [NBCEL dete1 mined from the unit energy sales -
_ price and the encrgy sales descrnbcd in (1) and (2) above is as lndlcated in Table 826, -
“Statement of Income": The ene1gy sales income 1s counted from 1977 whén Norte -

. Thermal will come mto ope1atton, and the income of 4,10 milhon ‘Us dollare m thxs ji _
! year w111 be mcreased l.o 106, 30 milllon US dollars in 1984 -

. 8-2-4 Opcratlon and Mamtenance Costs and’ Depreclatlon Coets

‘ In caiculatlon of operation and mamtenance costs and depreclatton costs of

- Z-prOJects for the Long- Range Blectric Power’ Development Program, the calculatnon '
standards of INECLL were employed as. 1nd1cated below. ' S :

Ly Operatmn 'and Maintenance Costs- '

The annual costs for operatxon and maintenance of power generatlon, trans- o "
mlesmn and transforming facﬂities are as. follows R S -

Thermal power generaung facxlities k4, 0 % of coustructlon cost
IR - ' pet year": :
Hydroelect_ric power g-'énerat'ing .f'ailcilities" 1219 of construction cost
' . : ' per year ' :

Power transimission and transformmg o o
facmties T R {3, 3% of constructmn cost

' ' e :peryear-.- L

(2)  Depreciation

Dcp1ec1atmn calculatlons of power generauon, transmxssion and transform-
ing facilities were made by the stralght line methocl establislung servu:e lives as .
indicated helow. '

Hydroelectric power generatin_g faci_,l_ities_' _ 3 '5_0 Yeara-_

Steam thermal power generating facilities : 25 years:

Diesel thermal power generating-facllities 1 20years

Power transmissmn and transform;mg

facilities - b I : 30 y_eare

S
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(3)  Tuel Cost (Bunker C Oil) -
' Norte Thermal (Diesel) - 1 US$50. 7/ton
' 'Guaya_ql_lil Thermal (_S_t_emn ) o _ iUS$ 47.4/ton

- {4) . Administrative Costs

. Thermal power generating facilities 1 0.2% of construction cost
o S N per year '
' l-]jrdro_ele_ctric power generating facilities 1 0.2% of construction cost
o ' o - per year -
Power transmisfnon and tr ansiOrmmg
facilities . . - - 10,29 of construction cost’
: e per vear

: 8-2-5° Income and prenditure Balanceb .

_ _ l‘he income and expendltme balances in-the fundmg plan-are as mdicated m
:Table 8-6, 'Statement of Income™ and Table 8-7, ""Statement of Cash Hlow." In
effect, the cash balance untll 1981 when the National Interconnection Power Trans- -

. 'mission and Transforming Program is completed and Paute Hydro comes into operatlon .

- will show a deficit, This will be due to repayments of outside loans introduced for

- the National Interconnectlon POWOL Transmission and Transfomung Program and

“power’ generation projects to he started from’ 1975. The reason why the deficit will

‘be so large is the loan conditions for the amount expected to be borrowed with mterest .
‘of 8% per annum. and repayment. in nine years including three yea ts of grace, -
- which are fairly severe for such a plant intensive industry as the electric power
“industry, and thevefore, if Lhe conditions were to be soft as those generally applied
 to electric power industiy, it is thought that a surplus can be expected from 1981, when
construction of Paute Hydro will be completed, and thereafter,

_ As shown in Table 8-7, the cumulative deficit up to 1984 wilt reach 80, 3
million US dollars. - If the unit energy sales price for bringing this cumulative deficit

. to roughly zero in 1984 were to be sought, it would be 36.1 mills/kWh, and the State-
ment of Income in case this price is applied is as shown In Table 8-8, and the State-

ment of Cash Flow as in Tablc 8-9. As indicated ini Table 8-9, the cash balance will

show a change to. surplus in 1981 when Paute Hydroelectric Power Station will come

- into operation, and the surplus in 1984 will reach an amount of 18,7 million US dollars.
~ Therefore, in order to minimize the extent of the deficit, it would be desirable to

. introduce’ c_:oustructlon funds which are more long~term and low-interest,



Table 8-7  Statement of Cash Flow (Unit sales price’; 30.5 mllls/kWh)

ualt t 10V US4
w5 g 1307 W W W0 wm o Issr 138 lend

{A} Cashrecelpt © 48,250 120,040 D36,470 M42,920 102,430 44,780 03,050 73,30 89,688 121,240

5. Ket tacome ~260 300 3,870 ~),310 X390 —if,880 IKG 16X LG 51760
2, Deprectstion . — — 1,30 4.%90 2,110 16,030 16,416 16,53 17,050 11,33
3. INECEL'S cspial 1,300 29,500 33,000 38,000 40,100 33,400 3, 46‘) 35,400 .3\':, 400 35,400
{Petrolum conceaston) . . L
4. Exlerior borrowlng L I0G 92L,040 106,420 10N, MO 87,010 Ui, 230 —_ — - 16, 050
{B) Caeh disborsement 42,500 121,500 ML,030 159,260 135,150 95,130 65,810 61,450 83,090 47,540
1, Conslruction expenditure 4%, 330 :'21.:'40 139,40 149,830 116,820 680 ’ 14,800 4,000 25,900 &5,980
7. Amoullzation of debh (Cagdtal) - - 4790 9,430 20,330 25,420 30,000 53.450 $5,650 83,580
() Cashialasce (A)—(®) ~I60 300 -RE0 ~11,30 —iN,70 ~$5,350 ~5410 14,140 7,800  —§00
D) Accumulated 1043l -~ 260 =30 ~3,620 -19,930 —4%, 700 —96.500~10!.510 —§2, 0 —~1,510 -£0,310

Table 8-8 Statemem of Income {Unit sales price : 36 1 m1'lls/kWh)

“Unir: 105Us$

97 976 1977 [EH) 1979 1580 981 - iR 983 1524
{A) Gross revenue - — 500, 23,000 28,420 3200 83,940 ° 97,760 Bi5, 200 125,780
Generated energy (MWH) - - 137,910 60,000 . S03,300 1,10%,900 X250 261D 3143, 0 3,535,380
Eaecgy ssles {MWwh} L aasash 000 81,210 0,080,700 3,315, 610 2,708,450 3,080,200, 3,484,210

it sales price (endlls/kWhj — — . .1 .1 .1 ) ¥, 3.1 ) _ .4 »1
(B) Total operacion <gst %0 30 60 15,070 20,190 30,000 36,760 - 36,500 39,420 40,630
. Operation snd malmtenance — — 990 4,000 5,900 . RE0. LMD A48 ASE20 15,660
2. Fuedsost — e LSO 548D 150 10,850 . 4360 820 L4M. 50
3. Administeatton cost %0 30 [ 39D LW LA L L6 . L290 N 1,480
4. Depreciatlon - - 1,300 450 LMD 0,00 1640 16,870 13,056 11,530
() Opetating income (A} — (B) -%0 330 F) 7,380 228 9,180 43,180 59,170 71,70 85,150
(B} Financlal expendiluce {Inmerest) 110 (] ‘?.830 5,710 102100 11,370 2,919 '20,390 1%, 310 12, B8O
(8 Net tncome {C)— (D) ~160 500 —2,810 1,660 2,950 -,080 2,37 4780 S0 T2

Table 8-9 Statement of Cash Flow (Unit sales price : 26,1 mills/kWh)‘
unie s §6° UsY
1575 1976 (S22 1979 1979 1930 [151] 1_982 1953 1984

YA} Cash recelp 45,250 I, 00 135,930 131,490 DILB4D 50,870 76,080 90,750 105,910 141,750
1. Rt income — 260 ~500 -—~1,810 1,660 —2,980 8,790 24,270 3,760 34,460 73,270,
2. Depreclation —_ - 1,320 4,590 7,010 1.0 15410 15,570 12,08 . 12,830
3, INFCEL's caplts] 23,706 29,500 32,000 35,000 40,700 35,400 35,400 .. 3%, 400 35,400 35,400
fhelrolum concesslon) ) : ) .
4, Exterlor berrowing 3,350 92,040 106,420 109,340 62,010 4,23 - - 16, 050
@) Cash Dishursemem 8,50 121,540 144,030 459,230 135,150 9%, 13 44,520 61, 150 81,790 122,540
1. Consiruction expendituse 48.5¢0 121,540 IW.N‘O 149,830 104,820 59,860 14,800 &,000 25,500 68.9@0
1. Amostization of debit (Capitsi} —_ — 4. 190 9,430 10,330 3,400 51,720 32430 33,890 53 560
(C) Cashbalance (A)-(E) ~ 0 500 7,100 —7,790 —123,310 44,260 9.%0 19,30 %10 18,110
(D) Accumulated 100l —2b0 —Fh 1,860 —15, 650 --23, 960 —B3,220 73,660 — 44, M0 0. 240 -5%
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