(2)

“In this projection, the nation's total demand in 1994 is pre-

dicted to be 3,458.0 GWh ia terms of energy and 654 MW in terms
of maximum demand, and the energy demand of the Metropolitan
Area to be 2,224.8 GWh,, with the maximum demand ofv419 MW. The
average annual growth rate of electricity demand for the period
from 1989 to 1994 will be about 11% for the whole system and
about 10% in the Metropolitan system. The demand in the
Project Area under this study correspondb to approxtmately 907%

of the total demand in the Metropolitan Area.

4.3 Powerﬁbéﬁand Projection for the Project Area

4.3.1

Items of Consideration for Power Demand Projection

As a power demand projection forms the very basis of power facility

planning and financing plan, the projected values must be

established with high accuracy as much as possible. The following

considerations were taken into account in formulating this demand

projection.

(a)

Ab)

(c)

The transmission and distribution facilities must have suf-
ficient capacity in reference to the maximum power demand pro-
jected. For this purpose, it is necessary to accurately
predict'the maximuim demand of each year in establishiag the
facility plan, and the projected values must be compatible with

the projections of energy demands and load factors of future

| years.

As the suitabléness of caplital investment directly affect the

business_performante of the corporation, an excessive invest-

"ment on fixed capitals must be excluded. Care must be taken to
avoid over—estimation of demands through careful analysis of
“~past’ load growth and predictiou of ecouomic and social changes

“ia future;

It is required to unders;and the general tread of power demand

_growth in the whole Projpct Area and at the same time identify

the demand trend in each local area, so that an efficient plan

"1g established for sach power system facility. This is par-
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ticularly important in planning construction, expansion of
substatlons and distribution facilities.

4.3.2 Methodology of Power Demand Projection

4.3.3

As discussed above, the projection of maximum demands is impbrtant
in planning_transﬁission and distribution systems. The macroécoﬁic
method, in which the demand is projected,by the consumer eﬂd energy
cousumption and:annual load factor, has been selected in projecting
the maximum demand for the whole area under study. The consumer end
energy consumption was projected by the Eollowing two methodb, and

the higher projection value was adopted for the study.

(a) The future population of the PrOJect Area and the future energy
consumption per capita were projected, and the total energy
consunption at the consumer end was_calculated_by these two

factors.,

(b) The consumer end energy éonsumption was projected based on the

past trend.

Projection of Population in the Project Area

(1) According to the "Statisticél Yearbook" published by the
Statistics'Bureau of the United Nations, the total population
of Paraguay was 2,357,995 in 1972 and 3,029,830 iﬁ.1982. The
average population growth fate was 3.7% per annum for the
period from 1975 to 1980, and 3. 2% from 1980 to 1986,

-(Table 4-9)

(2) 1t is estimated by "Direccion General de Estadistica y Censo”
that the popqlation in the yeaps_after,1986 is 3,807'thousands
in 1986, 4,642.6 thousguds;in 1993, and.5,537a6,thousands in
2000. The corresponding average'populaﬁion growth rate per
annum is 2.9% from 1986 to 1993, and 2.6% from 1993 to 2000. -
{Table 4-10)

(3) According to the national cemsus conducted in 1982, the popula-

tion in the Project. Area was 807,3 thousands. As this value
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Table 4-9  Population in Pavaguay

: L -Latest Cengus (in units) Mid-year Aanual Rate
References

_ . pate _ Both_ Male Female Estimates of Yncrease

ke Sexes S (in thousands) (%)

1981 e : ' b - 2,647 3,168 | {1975 - 80)
.Statistical | 9-VII~-'72( 2,357,955 1,169,111 | 1,188,844 | (as of | (as of
Yearbook : 1975) . | 1980) 3.7
'1985/86 s 3,147 3,807 § (1980 -~ 86)
Statistical ] 11-ViI-'82} 3,029,830 1,521,409 | 1,508,421 | (as of | (as of
Yearbook . : 1980) 1986) 3.2

Issued by Department of Internaticnal Economic and Social Affairs,
Statistical 0ffices United Nations. '
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Table 4-10 Estimation and Prediction of Population of Paraguay

Year fotal" : Male . ¥emale
1986 3,807,030 1,927,052 1,879,977
1987 3,922,374 1,985,776 1,936,597
1988 4,039,161 12,045,117 1,994,043

1989 4,157,287 ) 1;105;054ff1}- :2;952;231 .
1990 4,276,649 2=155}553 ;2,11i,080
1991 4,397,306 ..2,226}676‘ | 2,17b,63d":
1992 4,519,328 2,288,392 2,230,935
1993 b 642,624 2;35q;éés ' 2,291,936
1994 4,767,107 2,413,538 2,353,569
1995 4,892,687 2,476,914 | 25,773
1996 5,019,312 2,540,783 2,478,529
1997 5,147,042 2,605, 165 2,541,877
1998 5,275,953 2,670,106 2,605, 847
1999 5,406,126 2,735,657 2,670,468
2000 5,537,636 2,801,867 2,735,769
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4. 3 4

was 581;8'thousande'in_the censua of 1972, the annual average
population growth rate from 1972 to 1982 can be estimated as
13.33%. '

(4) ;Although;there is no officlal data of recent date concerning

:‘the cnrrent ‘and future-population in each local area of the
.;Metropolitan Area, these data can be estimated by the popula»
':tion of the Project Area of 807 3 Lhoueanda in 1982, and the
"predlcted average population growth rates for the ‘whole -
Paraguay, whieh are 3.2% from 1981 o 1986 2. 9/ trom 1986 to
: .1993 and 2 6/ from 1993 ‘to 2000, . Based on this estimate, the -
:'population in the Project Area will be 1, 118.6 thousands in
1993, and 1,338.7 thousands in 2000. (Table 411, Fig. 4-9)

Estimation of Consumer End Energy Conaumption by Populatlon

Projection

'The time history trend of energy demand per capita (consumer end)

- was inferred from the records of energy consumption and the esti-

mated population in the Project Area from 1981 to 1988, and the

:future energy coneumptlon per capita (consumer end) was predicted by

thlS trend. This pro;ection was combined w1th the future population

?project1on £o estimate the consuimer end energy consumption in

'futnref_.

fThia’estimation is presented'in'Table-4~11 and Fig._h-lﬂ. The pro-

i _jected consumer end . energy consumption in 2000 thereby obtained was

j;zz 141, & GWh,;'

44345

'Estimation of Consumer End Energy Coneumption by Time History

‘“Trend

”'When it can,be assumed tnat the economlc and social development

'patterns in the paet several years will be maintained in future, the

- demand projection by time history trend is a very ~effective tool of

' demand prcjection.' In the Project, this methodology is applicable.

" The trend. 1ine was estimated by a real linear equation and a real

gquadratic equation ueing,the leaet_square method.
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Fig.4-9  Transition of Population in the Project Area,
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Fig.4-10 Predicted Energy _Derhond (GWH) and
Energy Demand Per Capita (kWH) at

Consumer’s Level

Year
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The estimated results are given in Table 4-12 and Fig. 4-11,

4.3.6 Projection of Consumer End Energy_donsumption

(1)

(2)

The following'values were‘ootained as:the'projected consumer
end energy‘consunption'for year 2000 by the two projection

nethods_diseussed above,

Consumer End Energy Consunption in 2000

(Projected Values)

Qoadraric Approxination“-. . 2,776.3 (GWh)

Projection by Population 2,141.4 (GWh)
‘Linear Approximation . - 1,742.3 (GWh)

The linear approximation method gives the 1owest value, and the

quadratic approximation the highest.

The projection based on the population prediction gives 'a value
between the above two.‘ The quadratic approximation is said to
fit most exaetly ‘to the past ‘data of energy consumption. In

this calculation, the deviation from data is very small, and

- ~this method seems’ to be most effective for projection of demand

in near future.

_piThe quadratic approximation tends to’ give a higher projection

‘ffor a long future when progection is made for a long term

.exceeding‘lo years. - Therefore, it can be inferred that the

actual'energy demand in the year 2000 may be lower than the

._value given by this quadratic approximation and the actual

.value may approach the one given by population prediction or

'?fthe linear approximation.

(3)

-EWhen energy demand 1is’ progected for a 1ong term, the errors
Vpcreated by structural changes of economic and - social trend can

. not be avoided. Also unpredictable ‘fdctors in the supply

:fside, such as the failure of electric” facility, may introduce
changes in supply capability.
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" F'g4'| I Predlcted 'Energy Demand (GWH) ot
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4.3.7

4.3.8

Although an excessive lnvestment on the.power supply facilities
must be avoided, it 1s inevitable that the projection on a
higher side 1s adopted, within a reasonable'range, if'ong-wiéh
to deﬁelop a power facilit&_plan_that will providé high supply
reliaﬁility deSpité“vafloué’uﬁcértaint{es of futuré;' Based
on the above reasoning, the load end efergy demand projéction
established by the quadfatic épproximation method was adopte&
in estimating the future energy and peak demands on the supply
side (23 kV busses in substations) of the Project Area.

Demand Projection of Proiect Area

(1) The energy and peak demands on the supply side (23 kV busses in
substations) of the Projebt Area were obtained based on the
consumer end energy demand projection obtained by the quadratic

method and the assumed values of the following factors.

Annual Energy Loss by Power Transmission:  14.2% -

Annual Load Factor at Sending End: ' 54 .8%
Loss Factor: " 0.375
Rate of Loss at System Peak Load: © 20,87

(2) The results of this estimation are presented in Table 4~13 and
Figo 4—120 .

The sending end enefgy'and peak demands of the Prbjeét Area in
the year 2000 are 3,235.8 GWh and 674.]1 MW respectively, and
the annual growth rates from 1988 to 2000 are 9.2% and 9.5%

respectively,

Necessity of Re-Fvaluation of Projected Demands

The projected demands in the Stgdy have'bgen obtaiﬁed by.macroscopic
methods based on time history t;eﬁd,_ahdi;here_reméins theipossibi~
lity thaf the'projectéd values in a"ibng futufe maf'be.tod high, as .
discussed before., Also, there,will_appeér thé projection errors

which are caused by.changes-in economic activities and_sotial struc-

tures.
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Table 4-13 Power Demand Projection for the Project Area

Energy Demand at

son | Enery Domand | ETSCR FNES | micaion | Meximm pemand | TG

LéVEI | (GWH) (G"JH) Incﬁease LO?;(;S (MW) Incf‘:e.ase F?%';or
1981 485.9 576.7 16.3 5.7 1124.8 - 52.8
1982 545.8 639.8| 10.9 14,7 | 133.7 7.1 54.6
1983 591.9 695. 1 8.6 14,9 | 145.5 8.8 54,5
1984 631.4 | 754.5 8.6 16,3 | 157.7 8.4 54,6
1985 705.7 826.7] 9.6 14,6 | 171.1 8.5 55,2
1986 784.3 893.9 8.1 12.3 | 185.7 8.5 55.0
1987 882.3 994.0| 10,1 1.2 |207.2| 11.6 | 54.8
1988 960. 6 1,118,5] 12.5 14.1 | 225.9 9,0 | 56.5
1989 |  1,067.5 1,266.2] 11.2 14,2 | 259.2] 14.7 | 54.8
1990 1,178.9 1,374.0| - 10.4 14.2 | 286.2| 10.4 54.8
1991 i,299.0 1,514.0| 10.2 4.2 |315.4] 10,2 54.8
1992 | 1,428.0 1,664.3 9.9 16.2 | 346.6 9.9 54.8
1993 1,565.7 1,824.8] 9.6 14.2 | 380.1 9.7 54,8
1994 | 1,712.2 | 1,995.6] 9.4 4.2 |615.7] 9.4 | 54.8
1995 1,867.6 2,176.7 9.1 14,2 | 453.4 9.1 54,8
1996 2,031, 7 2,367.9 8.8 14,2 {493.3 8.8 54,8
1997 2,204, 7 2,569.6 8.5 14.2 | 535.3 8.5 54.8
19981  2,386.4 2,781.4 8.2 14,2 | 579.4 8.2 54.8
1999 2,5?6.9 3,003, 4 8.0 14.2 | 625.6 8.0 54,8
2000 2;776.3 3,235.8| 7.7 14,2 | 674.1 7.8 54.8
2001 2,984,4 3,478.3 7.5 14.2 | 724.6 7.5 54,8
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Energy Demand at Sending End

Fig.4-12 Lood Forecast of Project Area
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4.3.9

The power demands in the Project Area are mostly for residential and
commercial use, and the proportion of industrial loads 1s not so
highi - Also, the growth of power demand 1s not very high. After the

main frames of the transmission/distribution systems for the

Metropolitan Area are completed in 1994, the remaining expansion

'_pfbgrams after this year can be completed in relatively short time.

Thefefdfe;”ﬁhé demand projection should be reviewed from time to
time at this péfiod_to adjust the expansion programs in an economi-~

cal manner.

Demand Projeétion of Each Mesh of 1 km?

(1) The projection of peak demand of each mesh of 1 km? in the.
Project Area is the key factor in determining the plans for
construction of new substations and expansion of distribution

facilities,

ANDE had prepared the demand projection for each mesh of 1 km?,
in the year 2000. The maximum peak demand of each mesh was
calculated by multiplying the total capaclity of pole transfor-
‘mers in the mesh by the estimated capacity factor, by esti-
mating_the peak loads of 23 kV customers from their receiving
cépacities in the same manner, and by taking into account the

diversity factors between these customers,

Then the projected demands of each mesh in the year 2000 were
estimated by counsidering the overall demand growth and popula-
tion growth, and by taking into account the known construction

plans of buildings, industrial parks, etc.

(2) The JICA Study Team checked the projected demand of each mesh
in the year 2000, which has been prepared by ANDE, by comparing
the total projected peak demand developed in the preceding sec—
tidn and the sum of the mesh demands by using the following
values of diversity factor which seem to be appropriate
accofding to similar data in Japan and Paraguay, and verified

that these projected demand of each mesh was generally valid.
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‘piversity Factors Used in Verification

Between Transformers: 1,18 =~ 1.36
Between Feeders  : 1.09 ~ 1.15
Between Substatlons : 1.13 (Estimated vélue:from

recent diversity in the
© . Metropolitan Area) ¢

The projected peak demand of each 1 km? mesh in“the'Project
Area 1s presented in Fig. 4~13.

AL
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CHAPTER 5. POWER SYSTEM PLAN

5.1 Current Status of Power System in Paraguay

5.1.1 Power Supply to the Metropolitan Area

(1y
“of 33.15 MW capacity in a place adjacéht to Puerto Sajonia

(2)

(3)

O¥

Iﬁstunéidn City, there is a thermal power generation facility

Substation. This facility has been seldom used since Itaipu

Power Plant was commissioned, and it has remained as a reserve

facility‘after it generatéd 1§40'RWh in 1987.

The electric power is_mainly{éupplied to the Metropolitan Area

from Ttaipu Power Plant and Acaray Power Plant through 220 kV

transmission lines which are from 300 to 320 km im length,

At present, the powep transmission system from these power
plants to  the Metropolitan Area consists of a 302.2 km long
single circuit line of Acaray ~ Campo Dos - C. Oviedo - San

Loregzo)_ar309ﬂ4 km single circult line of Acaray — C. Oviedo -

, Guarémbare_— San Lorenzo!;and a 314.7 km gingle circuit line of

Acaray - Guarambare — Lambare. Also another single circuit

line, running Ttaipu - Limpio - Puertd Botéhico,.approximately

'j348'km in'length,;is undericoﬁstruction,'whidh is scheduled to

be completed by 1990. (Fig. 5-1)

That is, 4 circuits of 220 kV transmission lines will be
completéd from the eastern power source area to the

Metropolitan Area by 19%0. As the 220 kV transmission line

running Itaipu - Limpio - Puerto Botanico has support struc—
tures which are designed for a double circuit transmission
- -1ine, this transmission system can be easily converted to a 5

'Ciré@it,4220 kV_system.by'stfiﬁging another circuit in future.



Fig.5-1 220kV Trunk Line in Poraguoy { 1989)
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5.1.2 Power Systems of the Metropolitan Area

5.1.3

(1) The.power system 1n the Metropolitan Area: (system having 66 kV
or higher voltage) is 11lustrated in Fig. 5-2.

The 66 kV system in the Project Area consists of a single ecir-
cult loop connecting two 220 kV substations, San Lorenzo and
Lambare. The'tfannniséion capacity of the 66 kV transmission
3line.nonsti£uting the loop is éurréntly 30 MVA in certain sec-
tiong. Howevgi, the cables are being replaced, and most sec-
tions will have capacity of 50 to 60 MVA by 1990.

(2) When fhe transmission and substation facilities béing
conStructed between Limpio and ?ueftd’ﬁoténito,are completed,
the power nillibe_supplied to.the-Prdjeét'Area from the 220 kV
outer loop, connect*ng San Lorenzo —.Limpio_— Puerto Botanico
by stepping down the voltage to 66 kV and 23 kV at substations.

. (Fig. 5-3)

(3) The céntral-pért'bf thé‘Métronolitan Area will be supplied by
'the three key- substations of Lambare, San Lorenzo and Puerto
'Botanico and the supply reliabillty will be improved substan-

tially. However,_most of secondary substations at city center
-Qhavéfcénanity'of_ﬁo HVA,'and these substations will-be heavily
'1oadéﬂ;by 19%0. 1f éubstafions having*felat{vely large 23 kv
capac1ty, such as Lambare and Puerto Botanico, are not effec-
tively utilized the loading of secondary substations at the
: center of Capital City will become eritical, and load control
Vfwill have to be enforced under emergency conditions such as

fallure of a transform&r bank.
1t is planned to decommission the existing Jardin Botanico

Subgtation when Puerto Botanico Snbsﬁation is éompleted.

Power Transmission Capability of 220 kV Power System to Send Power
tofthe Hetropolitan Area '

_The power transmission capability of the 220 kV power system, which.

supply power from the power sources In the eastern area to the



Fig. 5-2 Pdwer ‘System in ond - Around ‘Asuncibn-
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o Fig.'5'-s3- Power System ‘Diagrorh- In and around Asuncion
in 1990 : ‘
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Metropolitan Area, is not within the'scope of the St@dy. _Therefore;
we have not condﬁcted a detailed study, buﬁ'the ﬁoﬁér transmission
capability can be roughly estimated by aimple methodologies.: In
this case, the term "power transmission capability" means the amount
of power that can be supplied evep_when one circuit of the

transmission system goes oﬁt of service..

Power Transmission Capability

Numbetr of 220 kV‘Lines

Methhdologz . 4 elrcuits 5 circuits

Measuring phase angle difference ". 500 MW :. 660 MW
between sending and'receiving ends. L ; _

Transmission capécity coefficiént'méfﬂéd. 500 MW . . 660 MW

Surge. impedance method. o - ‘4207Hﬁ'3_ ©.560 My

It is estimated that thg_powéf déﬁaﬂd ih the Project Area comprising
the capital eity will'grod'to 415'7 MW by 1994, and to'453 4 MW by
1995, Therefore, the’ demand will: exceed the 11mit of 4- c1rcuit

system as early as 1994, (The fifth circuit is required )

It 1s also estimated thaL the power. demand of the Project Area will
grow to 535.3 MW by 1997, and to 579, 4 MW by 1998. The limit,of
transmission capacity will be reached by 1997 even if the fifih cir-
cuit of the 220 kV transmission 1ines is completed, and the next

power system expansion will be necessary.

Concerning the COmﬁutation of ‘the power transmission caﬁability;

limit and the measures of iﬁéreasihg it, a detailed study including
'computer analysis is reﬁuiréd, and a dgfiqite_conclusidn can not be
drawvn from the éimplified estimatiOn diSédgéédJéEoée;- Therefore, it.

13 recommended to start a study on this subject as soo1 as poss1b1e.



5.2 Power System Expansion Plan for the Project Area

S 5.2.1

Basic Gonditions in Formulation of Power System Expansion Plan

(1)

(2)

As discusééd in Chapter.4 "Power Demand. Pfﬁjection", the power
‘“demand 1a the Pxoject Area 1s estimnted to grow at a rate of
';approximately 97 per annum, and the total energy consumption at
. consumer end will réach apprOXimately 2,776 GWh, and the peak

idemand 674 MW, in the year of 2000. However, the power systems

of the Project Area do not have sufficlent supply capability,

:as shown in Table 5— » for chh a growing demand and there may
RYY a shortage-of supply capability in two or three years, so

they must be veinforced and expanded as quickly as possible.

Specifically, cdnstruétion of new_220 kV and 66 kV transmission

lines, cbnstruction of 220 kV or 66 kV key substations,

“construction of new secondary substations, and other measures

"will be required.

The following items were basically considered in formulating

the reinforcement and expansion of power systems.

(a) Supply Reliability-

(1) For kef sqbstations or importantxpower systems that
.éupply poﬁep:tQ an_grea_having dense povwer demand,
there must not be a.stoppage of power supply in case
of a.single iﬁsfallétion's fault such as a fault of

one gircuit line or one transformer bank.

(11) ‘For sYstéms'besides above-mentioned, a temporary
stoppage of power supply may be tolerated when a
gingle installation’s fault occurs on condition that

a power supply is resumed in a short time.
(b) Tranémission'Voltage

The'voltage3of_new:transmission lines will be limited to
the 220 kV and 66 kV class which are now being operated in

Paraguay, and not new voltage class will be introduced..



Installed Transformers and Supply Capability

Table 5-1 _
of the Substations in the Project Area in 1989
]-TYQUSfOfmeFf' .- | . Supply Gapability (MVA)
Sup3t3t1°“ Volﬁage_ _Gapaqit&;(MVA)_ 66 KV 23 KV
(kv) - x No. of Banks A

San Lorenzo  220/66 60 x 2 120 -
220/23 40 x 1 _— 40
Lambare 220/66/23 | 120/60/60 x 2 120 120
Guarambare T220/66 | 37.5 % 1 37.5 -
66/23 20 x 1 - 20

Puerto Sajopia 66/23 20 x 2 - 40
San Miguel 66/23 20 x 2 - - 40
'Barrio.Parque - 66/23 .20 % 2 - 40
Jardin Botanico 66/23 12 % 2 - 24
Tres Bocas 66/23 10 x 2 - 20
Centro 66/23 20 x 2 - 40
Total 277.5 384

Note: Ekclusive of Acepéf 66'kV/13;8'kV,

15 MVA x 2

G



(¢) System Configuration

(1) 'The 220 kV Eraﬂsmiséion line or 66 kV transmission
 line supplying power to a key substation must have

T two circuits ot more. -

(ii) .After the yol;agé_of thé 220 - kV designed transmission

o line‘édﬁnecting San LérenzogLimpio~Puerto Botanico is
raise& to. 220 kV, the system configuration of the 66
kv 1iﬁes ln the Projecé'Area must be converted to
form locally double cireuit radial systems or radial-

1oob:s§étemsl(100p systems operated as radial lines).

(d) Standard Unit Capacity of Substation and Final Number of
"Banks '

(1) 220 kV Substations

When a new substation is to ‘be constructed, the final
installed capac1ty shall be designed as given below,

' considering the 1and area of site, transmission capa-
:.city of related 220 kv lines, the number of secondary
(66 kV) and tertiary_(23_kV) feeders, possible to be

inStélléd, and supply reliébillty.

220 kﬁ[ﬁﬁ kV/23 kv, 120 MVA/QQ MVA/21 MVA % 3 banks, or
220 kV/66 kV, 120 MVA x 3 banks

For existing substations, the newly installed equip-—
ment shall be the same as the existing one, within

the limit allowed by the site.area._
(11) 66 kV Substations

Considériﬁg thé rated cﬁrrént of the secondary
(23 kV) equipment, humber'of'feeders,-and supply
rellability, the final installed capacity of 66 kV
 substations should be planned for 66 kV/23 kv, 20 MVA
S %3 banke.l For ex1sting substations, however, the
newly installed equipment shall be the same as the
'lfexisting one, within the limit allowed by the site

area.



(e) Operating Limits of Facilities
(i) ‘Transpission Lines

The power at which. the sound.line is allowed to be
overloaded for a short time (approximately 30 minu-
tes) when a single line goes out of service due to a

fault.
(1i) Substations
Where there are 2 tranéﬁormer banks:

The power at which the overload on the remaining
bank becomes 130% full load when one bank goes out

of service due to a fault.
Where there ake 3 transformer banks:

The power .at which the overload on the remaining
bank becomes 120% full load respectively when one

bank goes out of_sef?ice_dﬂe to a fault.
(£) Timing of Expansion of Transmission Lines and Substations

The transmission lines and substations must be expanded
when the operating limits defined above may be exceeded

due to a single fault of a facility.

5.2.2 Power System Expansion Plans

(1) The fdllowing two alternatives have been developed for the
expansion of the power systems in the Project Area, based on

the site surveys and discussions held #ith ANDE staff.
(a) .Alternative 1

The 220 kV systems will be introduced into the center of
the Capitél City with two_pri@afy substations (220 kV/66
kV substations)_to be newly coastructed in the city cehten

area., The 66 kV 11nes and the secondary substations (66

5 ~ 10 -



kV/23 kV substations) will be expanded properly to . .
strengthen the 66 kV systems.

(b) Alternative 2

The power supply fo_the center of Capltal Clty will be
done by expansion and reinforcement of 66 kV systems. For
this purpose, primaryrsubstations_will be newly
constructed around the Capital City, thereby increasing
the supply capability for the urban center, and the 66 kV
lines and secondary substations will be expanded properly

to strengthen the 66 kV systems,

(2) The expansion of transmission and distribution networks is
planned to be implemented with the target year of 2000. The
whole plan is formulated in two ‘stages. The first stage is to
be'completed by the time of the naximum demand in 1994,
and the second stage by the end of 1997,

5.2.3 Aiternative_l

(1) .The“Alternativé 1,.in.which it is intendédrto introducé the
220 kV lines to the center of Capital City;'is illustrated by
the powér system diagram of the year2000 in Fig. 5~4. The
facility.expansion program is given in Table 5—2 to Table 5-5.

The power supply-demand balance of the transmission and substa-
tion facilities (secondary substations and above) in the

Project Area is given in Fig. 5-5.
{2) The outline of the Alternative | is described below,
(a) Construction of 220 kV Transmission Lines

(1) Two clrcuits of 220 kV lines will be constructed from
Lambare to Site A (Obrero).

One bf the double circult transmission line running
from Guarambare to Lambare will be pi-branched into

Lambare Substation, and will be extended to Site A at

5 - 11
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. Table 5-2 Qutline of the Installation Plan at 1st Stage of Alternative 1

Transnisgion Lines - ;

Voltage

" Equipment to be

Vrfrom.—kTo Transmission Capacity
(kv) f"- . installed : S (MVA)
220 |1 dqﬁblg'cct. : OL | Lambare - Cable head 250/ cet.
" ;2 §ing1e:c6#;<7‘_ﬁC.'Cébie heéd f A o 250/ cct.
" 1/2'§quﬁle cets | OL§ Limplo - Puerto Botanico | 250/cct.
" ‘.i douGié'cct;- 2TOL.‘éuertd Béﬁénico - B 250/¢c£.
66 2 si;gié-éﬁéaky'_OL; A - Puerto Séjénia 50/cct, partly 70/cet
" 11 siﬁgle ccﬁ Uc | A - Centro 90
" . + | gentro - @ 90
" " "6 -A 90
E " . B ;-San Higuél -160
" " M B~-¢C | 100 .
" 2 siﬁgle ccg. 6L- Jardin Bofanico - _ 70/cct.
- ' Barrio Parque '
" . * | Puerto Botanico - | ?Olcct.
' " Jardin Botanico | -
" " " | Lambare ~ T : E iOO/cct.
3 " " Saﬁ Lorenzo — E 70/cct.

Note: Abbreviations:

cets

circult

OL . " Overhead Line

- Ug¢ - Underground Cable '

5= 13




* Table 5-3 Outline of The Installation Plan at lst Stage of Alternative 1

Substations
7 . 3 ' thipment_ésioff
. Equipment to be installed the End of 1993
Substation o . : >
: Transformer _Line | prausformer o, Line
' Equipment _ T __Bquipment
A New 220/66/23kV | 220kV, 2 cct| 220/66/23kv | 220k, 2°cet
120/99/21MVA | 66kV, 4 cct | 120/99/21MVA | 66kV, 4 cct
x 2 x 2 : '
B New 220/66/23kV | 220KV, 2 et | 220/66/23kV | 220kV, 2 cct
| 120/99/21MVA | 66kV,  2-cct {°120/99/21MVA | 66kV, 2 cct
x 2 =z 2 - :
Limpio Existing - 220kV, 2 cct.| 220/66/13,8kV | 220KV, 5 cct
e 37.5/37.5/ 66kV, 1 cct
12, 5MVA x 1
66/23kV
20MVA x 1
Puerto Existing. 220/66/23kvV 220k&, 3 cet 220/66/23kv -} 220KV, 4 cct
Botanico 120/60/60MVA | 66kV, 2 cct| 120/60/60MVA | 66kV, 2 cct
x 1 x 2
‘Jardin Existing | 66/23kV 66KV, 2 cct .| 66/23kY 66KV, & cct
"Botanico ] I2MVA x 1 S IZMVA X3 :
Puerto Existing | 66/23kV = 66/23kV 66kV, 2 cct
Sajonia 20MVA x 1 20MVA x 3
San Miguel | Existing | 66/23kv - 66/23kV 66kV, 3 cet
20MVA x 1 20MVA % 3 S
Barrio Existing | 66/23kV 66kv, 1 cet 66/23kV 66kV;, 3 cct
Parque 20MVA x 1 20MVA x 3
c New 66/23kV 66KV, 2 cot | 66/23kV 66KV, 2 cct
20MVA x 3 R | 20MvA x 3 B '
E New 56/23kY .66ﬁV, 2 cct "66/§3kv 66kV, 2 cct
20MVA x 3 : 20MVA x 3. |
F New 66/23kV 66KV, 2 cct .| 66/23kV - 66KV, 2 cct
20MVA x 3 T “20MVA x 3 o
¢ New 66/23kV 66kv, 2 cct | 66/23kV 66kV, 2 cct
20MVA x 3 : 20MVA x 3 '

5- 14




Table 54 Outline of the Tnstallation Plan at 2nd Stage of Alternative 1

Transmission Lines

| Voltage.

*,Equipméﬁt tobe | - - From - To

Transmission Capacity
(kW) installed (MVA)
.2207 _singie ccﬁ... e A-B 250/cct.
" '_ doub1eﬂ9ct.“ ‘oLé' J - 220 kV line 175/cct.
\66"_ :gingle cet, '_QLf | "H - 66 kV line 50/ cet
" :éiﬁgle'cct; 'ﬁc ¢ - K 100
" " | :" B -K 100
" h - | 'ﬁ B-L 100°
" " " San Miguel - L 100

Note: Abbreviations

cet. circuit

OL Overhead Line

UC. -~ Underground Cable

5-15




putline of The Installation Plan gt'éﬁd Stagejof_Altefnativé:l

Table 5-5
Substations
— —— T Tarrar
. _Equ;pment.to_be 1n$talled_ the Fad of 1997
Substation — : — —I — — T
: Line 1 ) Line
“Iransformer : . | Transformer S .
1. Equipment |: o0 Equipment
A New 220/66/23kV | 220kv, 1 cct.| 220/66/23kV | 220kV, 3 cet |
: : 120/99/2IMVA L~ - |'120/99/21MVA | 66kV; - 4 cect’
x 1 1x3 N P |
B New 230/66/23kV | 220kV, 1 cct | 220/66/23kV. . | 220kV, 3 cct |
120/99/21MVA | 66kV, 2 cct:| 120/99/21MVA | 66kV, 4 cct |
San Lorenzd Existing | 220/66kV - 220/66ky . .| 220kV, 3 cct
C ] 60MVA x 1 60MVA x 3 | 66kV, 4 cct}
220/23kV 220/23kv : -
4OMVA x 1 4OMVA x 2
J New 220/23KV 290kV, 2 cet | 220/23ky 220KV, 2 cct |
40MVA x 1 40MVA x 1 ' _
Guarambare | Existing 220/ 66kV ~ ]22ﬁ/663V'”'ﬂ 'ZZORV, 5 cet’]
37.5MVA x 37.5MVA x 2 60kv, 4 cet
66/23kV 66/23kv o
20MVA x 1 20MVA x 2
Tres Bocas | Existing | 66/23kV -  66/23kV;, 66kV, 2 cct
10MVA x.1 10MVA x 3
H New 66/23kV 66kV, 2 cct | 66/23kV 66kV, 2 cct
20MVA = 3 20MVA x 3 :
K New 66/23kV 66KV, 2 cct | 66/23kV 66KV, 2 cct
20MVA x 3 : 20MVA x 3
L New 66/23kV 66kV, 2 cct | 66/23kV 66kV, 2 cct
' 20MVA x 2 20MVA x 3

5- 16
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the center of clty. As this 220 kV gransmission line
will run thfough densely populatéd area, it would be
practically impossible to build an overhead line for
the whole length. Therefore, cable heads will be
installed somewhere on the route, and underground
“¢ables will be used For the réﬁéﬁh{hg pérﬁioﬁiéf the
1i§e and be taken into the new 220 kV substation
(Site A). '

(i1) The 220 kv transmission line from Limpio to Puerto
Botanico, which is currently under construction for a
single circuit 11ne;“@111”be:éxpanded to a double

clrcuit line.

(i11) A double citcﬁit, 920 k¥ 1ine will be constructed

{b)

()

from Puerto Botanico to Site B (Caballero Park).

(iv) Substations at Site A and Site B will be ihtercon~

nected by a single eirecuit, 220 kV line.
.Construction of 220 kV Substations

Primary substations will be constructed at SitéTA:and Site
B in urban center.: The new substations will be éduipped
with 3 banks of single phase;'threefwinding transformers

having the following rating.

120 MVA , 99 MVA , 21 MVA
/ / X

220 kV , 66 KV / 93 yy, :

3
3 /3 3 3

These substations will also be equipped with cohnection_
bays for the three transformer banks, 3 circuits of 220 kV
lines and 4 circuits of 66 kV lines., ' '

Configuration of 66 KV Systems

As 220 kv transmission;lines are'introducéd'iﬁﬁd urban
center and a 220 kV lobp.is forméd;‘the existing loop of
66 kV system will be modified to form fadiai systems by
two routes of a single circuit line or tb‘fofm 1o¢a1
fadial—loop systems to supply power from the'primary

substations. (See Fig. 5-3 and Fig. 5-4.)
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Thé'tranéhission capacity of some of the existing 66 kV
lihés will becomé_insuffi@ient,fand their conductors will
_hévefto be éhanged or the lines will be needed to be
réhléced._ The5capacity of the lines should be such that
there 18 no sﬁoﬁpége of powér supply even when a single

elrveuit goes out of service due to a fault.
(d) Secondary Substations

In.principle, the new secondary substations will be
equipped with 3 banks of 66/23 kV, 20 MVA transformers (at
the final stagej, and the éxisting substations will be
expanded to have 3 banks of transformers with the same

rating as the existing ones.

However, in order to prévent a stoppage of power supply
during a l-bank fault, the operating load of each bank
will be limited to 80% rated capaclty for substations
. where 3 banks ére_afailaﬁle, and to 65% :ated capacity for

substations where 2 banks are available.

5.2.4 Alternative 2 -

(1) For the Aiﬁernative 2, in which it is propose& to reinforce the
power supply to the Center of the Capital City by expansion of
66 kV;éystems,'the power system diagram of the year 2000 is
presehted in Fig.5-6. The'facility expansion program is given
in Table 5-6 to Table 5-9.

The power supply-demand balance of the transmission and substa-
tion facilities (secondary substations and above) in the

Pfoject Area is given in Fig., 5-5.
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Taﬁle 5~6”- Outline of the

'TransmiésibnfLiﬁeé;_

Tnstallation Plan at lst Stage of Alternative 2

(kV)

‘Vcltage._

Eduipment_;b_be‘j

. instailéd,,::;iif‘

From - To

{ Transmission Capacity

(MVA)

220

66

12 singlé_bct."

1 doubleﬂcc&?ar
1/2 ﬁoublé‘dct,r QQ
Viisihgle'pct;_:;:_

2 gihgle éétf e

,2'§iﬁg1e

3 siﬁgie ccta

'2'§ihgle cct;-r _4
:2Jsingleﬁcct.,‘ "

écto

2-3iﬁg1e

oL

A

1 single cct. | UC

cet.. | UC

oL

M~ 220 KV line
VLiﬁpio - Puerto Botanico
Lambare - A

N-A

Puerto Sajonia |
A-G

G - Centro -

Centro ~ A

1a-c¢

Puefto Botanico -
Cable head

?uertq.Botanicd - _
. Jardin Botanico

Cable head ~ San Miguél
M ~ Barrio Parqgé | |
Barrio Pgrque - D
D-1L

San Lorenzo - E

175/ cet

zSo/éct.

100/ cet.

100

50/cet, paftly 70/cet
90 :

90

90

100

190

20

90/cct. -
90/cct,
90/cct.

IOO/CCtn o

60/cet.

Note: Abbféﬁiaﬁiéﬁs%

Ceet.etrealt

OL N
. _UC RRPEI

Overhead Line
.Underground Cable
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Outline of The Installation Plan at 1lst Stage.bf Alternative 2

Table 5-7
Substations
- Equipment as of
Equipment to be installed the Ead of 1993
Substation 1
Transformer Line : Transformer Line
. _Equipment S Equipment
: * S gFx o
N New 220/66kV 220kV, 2 cct | 220/66kV 220KV, 2 cct
120MVA x 2 | 66kV, 3 cct | 120MVA x 2 66KV, 3 cot
A New 66/23kV 66kV, 8 cect | 66/23kV 66kV, 8 cct
20MVA x 2 20MVA x 2 :
G New 66/23kV | 66kv, 2 cct |66/23kv 66kV, 2 cet
20MVA x 3 20MVA x 3 '
c New 66/23kv 66kV, 2 cct | 66/23kV 66kV, 2 cct
20MVA x 3 : 20MVA x 3
Puerto Existing | 66/23kV - S : 66]23EV' 66EV, 2 cet
Sajonia 20MVA x | _ 20MVA x 3 .
Puerto Existing | 220/66/23kV | 220kV, 1. cct | 220/66/23kV - | 220kV, 2 cct
Botanico 120/60/60MVA | 66kV, 2 cct ] 120/60/60MVA | 66kV, 2 cct
x 1 x 2
Jardin Existing [ 66/23kV - 66)23kv 66kV, 2 cct
Botanieco 12MVA x 1 12MVA x 3 :
San Miguel | Existing | 66/23kV - 166/23kv 66kV, 3 cct
20MVA x 1 “20MVA x 3 '
M New 220/66kV 220KV, 2 cct | 220/66kV 220kV, 2 cet
120MVA x 2 60kV, 3 cet | 120MVA x 2 66kV, 3 cct
Barrio Exsiting | 66/23kV 66kV, 3 cct | 66/23kV 66kV,75 cek
Parque 20MVA 2= 1 20MVA x 3
D New 66/23kV 66KV, 4 cct | 66/23kV 66kV, 4 cct
20MVA x 3 ' 20MVA x 3 ' .
L New 66/23ky 66KV, 2 cct | 66/23kV 66kV, 2 cct
20MVA x 2 20MVA x 2 :
B New 66/23kV 66kV, 2 cet | 66/23kV 66k, 2 cct
20MVA x 3 20MVA x 3 o |
Limpio Existing - 220kV, 3 cct | 220/66/13.8kV | 220kV, 5 cct
1'37.5/37.5/ 66kV, 1 ect
12.5MVA x 1 .
66/23kv
20MVA x 1

Note: 220kV, 2 cct and 66kV 2 cét are for interconnection between busses of N
and Lambare Substation.
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Table 5~-8 . Outline of the Installation Plan at 2nd Stage of Alternative 2

Transmission Lines

Voltage

Equibment to be

5-123

"From - To Traunsmisslon Capacity
(kv) installed (MvA)
66 |1 single cct. | UC ¢-X 100
. | " " A-K 100
" 2 single cct | OL H - 66 kV 1ine 50/cct
S " " F - 66 kV line 100/ cet
" " " N-A . | 100/ cet
" l.single cct . Bafrio Parque - D .90
" " " M - Barrio Parque 90
" g H~J 60
Note:" Abbreviations

cet. eircuit

OL .. :Overhead Line

{HH Underground Cable




Table 5-9

" Substations

Outline of The Iastallation Plan at degstégéxbf ALtérnékiﬁé‘Q

“Substation

Equipmeﬂtftq be installed

Fquipment as of

the End of 1997

S Line : ' ~ L1ne
' Transformer : . iE Transformer
Equipment : Equ1pmenp_,
_ A TR _

N New 220/66kv 66kV, 2 cct |:220/66kV . - . {1220kV, 2 cct
120MVA x 1 ‘ 120MVA x 3 - | 66kv, 5 cct

A New 66/23kv 66kV, 3 cet | 66/23kv- | 66KV, 11 cct
20MVA x 3 - |- 2 coli2oMvA w3 IR B

H ‘New 220/23kV 1 | 66KV, 2 cct ‘| 66/23kV 66kV, 2 cct
20MVA x 3 s gOHVA x 3 i

K New 66/23kY 66kV, .2 cct | 66/23KV 66KV, 2 cct
20MVA x 3 | o o | 2omva %3 = ‘

M New 220/66kV. 66kv; 2 cot | 220/23kv 220KV, 2 cct
120MVA x 1 120MVA x 3 66kV, . 5 cct
66/23kY 66/23ky -
20MVA x 2 20MVA x 2

L New 66/23kV - 66/23kV - 66kV, 2 cct

: 20MVA x 1 20MVA x 3
F New 66/23kv 66KV 2 cctL 66/23kv 66kV, 2 cct
20MVA x 3 Lo 20MVA x 3.' ' :
Tres Bocas | Existing | 66/23kv 7 - 66/23kV. 66kV, 2 cct
10MVA x 1 IOMVA x 3 . B
Guarambare | Existing ZQOZGBRV - 220/66kv 220kv, 5 ect
37.5MVA x 1 37.5MVA x 2 | 66kV, 4 cct
66/23kV 66/23kV
20MVA x 1 20MVA x 2
Note: 220kV, 2 cet and 66kV 2 cct are for Lnterconnection between busses of N~

and Lambare Substation.
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_(2)_'Tho'oufiine of the Alternative 2 is described below.
: (a)_fConstrnction-of 220 kV Suﬁstationsf -

”afho aifonareas'of thé,220 kV{substations afound Asuncion
City;;tnat:is,.Lambafe, San”Loranao_and Puerto Botanico

7 anbstation, are limited,;an&-;hey oan not. be effectively

"oaedféon‘anhanoement of powefZSUpply capability to the

-Maﬁyopoiitan:Afea,

"Therefore, it is proposed to construct new 220 kV substa-
'"tions at the site neighhoring Lambare Substation (Site N},
and a site near San Lorenzo Substatien (Site M), t
increase the aupply capability of 66 kV systems into the

Project Area,:
(b) 'ConfignratiOn of 66 kV Systems

The pOWErzsubply to the oanter of Capital City will be
fiﬁpienented by the 66 kV transmission lines going from
Lambare, Site N, San Lorenzo, Site M, and Puerto Botanico
“Suhstations.' The 66 kV - lines will run from the above pri— '
'T._mary substatlona in radial configurations, consisting of -
radial I-routes of a single circult line or radial _
multiple c1rcuit lines. Site A Substation at urban center
_and Barrio Parque Substation will be the key stations for
,’_power__aup_p_lyn= From these key. stations, 66 kV power will
._be:transhitgéd bylpad;aL,_Z route of a single eircuit

::line,_or_by'radial—looP_systams,

The transmiasion-caoaciﬁygof aome'of the existing 66 kv
Iinaa'ﬁill-become insufficient and'their_oonductors will
:Qhaverpo be,ohangad,or‘the_linesawili'be needed'to be
" fep1aced}:.The capacity'of the linés shouid be suoh that
:there is nho stoppage of power supply even when a single

_circuit goes out of service due to a fault.
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(¢) - Secondary Substations -

In prinoiple,'the"neﬁ'sccondary'substations will be
equipped with 3 banks of 66 kv/23 kV, 20 MVA transformers
(at the final stage), and the existing substatious will be
' expanded to have - 3 banks of transformers with the same
rating as’ the existing’ ones.. However, ‘in order to prevent
‘a stoppage of power supply during a 1= -bank fault, the 7
operating. load of each bank wlll ‘be limited to 80% rated:
capacity for the substations where 3 banks are available,

and to 65/ rated capaclty for the substations where 2

banks are available.

5.2.5 'Comparison of Alternative 1 and Aiternative 2

(1) The relative advantage and disadvantagé-of-Alternative 1 and

"Alternative 2 are as described below.
(a) .Alternative_l

(i) ANDE has a concept in which 220 kV systems are intro-

o duced to the urban areas of Asuncion, connecting '
Lambare and Puerto Botanico by a 220 kV transmission
line to form a ring system. Alternative i is based

on this concept.

(i1) ' There are constraints on the right of way for the 220
kV transmission lines and the land required for the
220 kV substaitons as well to introduce 220 kv

systems into Asuncion City. = .

‘(11i)  Although the construction cost of transmission. lines
* 1s higher in Alternative 1 thah”iﬁ“Alternatiue 2.
because 220 kV 1ines: are constructed, the substation

facility cost 18- lower than in Alternative 2 because

the number of 66 kV/23 kV transformer banks and 66 ka,

line bays are smaller. The total construction cost’
of Alternative 1 is a little lower than that of

Alternative 2.
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- (1v) - As the future increase of power demand can be met by
" the supply from Substation-A and Substation-B, the
transmission line construction cost will be reduced

in future..

(v) Alﬁefnativg_l.is more. advantageous in terms of
 transmlssion loss and voltage drop because 220 kV

gystems are introduced to the city center.
(b) Alternative 2
(i) Thé:ZZO_kV transmission line from Limpio to Puerto

Botanico can not be effectively utilized.

(1) Therefare_less éodstfaints;onﬂconsttuction of
transmission lines and substations because 220 kV

ISYStems are not introduced into Asuncion city.

(i11) Ai;houéh'the ;;aﬁsmissiﬁniline_éons#ruction cost is
_ ioweruthan that of Altérﬂa;ive 1, the substation
construction cost is higher because there are more
'-transfprmefibénks and 661kV'1ine bays, and the total

construction cost is higher than in Alternative 1.

(iv) . In fﬁfufe;'it:will.be required to gradually increase
the supply capacity from 220 RV substations "M" and
"N". .F§r this purpose, 1t will be reduired to expand
‘the 66 kV traﬁsmiésiﬁh lines between "N" and "AM,

and "M" and "BPA".

(v). Alternative 2_is'disédyéntageous_in terms of
“ trahémissidnxldés and voltage drop as compared to
‘Alternative 1 because power is transmitted by 66 kV

'glinesfi'

(2) The JICAESthﬁy_Iéam;comparéd_Al;ernatife_1 and Alternative 2 in
”a'comprehensive manner, and has reached the conclusion that

~Alternative 1 is more advantageous. “The Team explained this
‘point of view to ANDE:iﬁ_préQenting'the Interim Report.
Upoq_consuitation with ANDE, it has been decided to formulate

Alternative 3, in which more stringent rule are adopted for
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operation of facllities to reduce the total construction cost.

5.,2.6 Alternative 3

(1) This alternative is a modification of Alternative 1, and the

(2)

plan has been formulated by incorporating the‘following revi-

sions upon consultation with ANDE,

(a)

(b}

“{e)

(d)

(e)

(£)

The number of new substations to be constructed at Micro

Centro Disfrict is to be reduced.

In relation to "1"‘aboté, the facilities of Substation-A

and Substation-B are to be restudied.

The existing 66 kV transmission lines are utilized more

effectively.

The new substations will be constructed and existing
substations expanded on step-by-step basils; dividing the

construction schedule into several stages.

The construction of 220 kV underground cable between "A"

and "B" 1s eliminated.

The maximum utilization factor of two-bank transformers is

BOZ%.

The power system'diagrams describing Alterhative 3 are pre-

sented in Fig. 5-7 through Fig. 5410. The facility construc—

tion plan is presented in Table 5-10 and Table 5-11.

The powerrsupply?demand baiahcé of the Project Area is pre-—
sented in Fig. 5-11.

The relevant items of this Alternative 3 are presented below.

(a)

Construction of 220 kV Transmission Line -

(1) A double circuit,'220.kv'ﬁransmiséionaline {with 250
MVA transmission capahity:per.circuit) will be

constructed betweeﬁ Lambare and A (Qbrero).
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Fig.5-7 _-.Power System Diagram in and around Asuncion -
by Alternative 3 (1994 -95)

ACE
0

e 220kV Transmission Line
A~~~ ditlo (Cable Line)
—— 66KV Transmission Line
o ditto _(Cdble.Line) '
- O 220%v - Substgtion

Q 66kV  Substation
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Fig.5-8 Power System Diagram in ond around Asuncion
by Alternative 3 (1996 -97)

ACE
O

Legend : OvTA

- 220KV Transmission Line
~en ditto {Cable Line)
- 66kV Tronsmission Line
~~~~  ditto (Cable Line)

220kV Substation.
66 kV Substation
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Fig.5-9 .

Legend
—— 220kV
Ar~n ditto
—  ©6kV
s ditto

O 220kv
0 GokY

Power _Sys‘rer'n' Diogram in ond around Asuncion
by Alternative. 3 (1998-99)

" ACE
O
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Fig. 5-10 Power System Diagram in ond oround Asunc:ion
by Alternative 3 (2000} -

Legend
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Table 53-10 Outline of the Installation Plan of Alternative 3

Transmission Lines

_ S . = Trans-—
Voltage | Transmission Lines From -~ To mission Commig-
(kV) - Capacity sioning
(MVA)
220 i doubie.cct;. OLd Lambare - Cable head 250/cct. 1994
220 |2 single cct. |UC| Cable head - A 250/cet. 1994
220 1/2 dOuble-cét. "OL |. Limpio - Puerto Batanico 250/ cet. 1994
220 1 doubie'gct;. ;OL Puerto Botanico - B 250/cet. 1994
66 1 siﬁgle cét. | oL Puerio Sajonia ~ A 50 1994
66 i single cct. UC: B - Centro 100. 1994
66 1 single cet, oL Puerto:Botanico - 50 1994
' Barrio Parque
66 |1 single cet. - vclA-G 100 1996
66 _l_rsif.lgle'c.c.t:. Uc |G - CEN 100 1996
66 l'single'cét. . 'OL"fuerto.Séjonia -G 50 1996
66 1 single qét._ ol .San Lorenzo - 50 1996
’ Barrio Parque
66 1 single'éét. oL Barrio Parqué - R 50 1996
66 i1siﬁgle cet. - | oL | San Lorenzo - E -50/cet. 1996
66 2 single cct. | OL| Lambara - L 100/ cet. 1996
66 |1 single cet. - .U.C B - K 100 1998
66 1 single c¢t} UC | K - Ceatro . 60 .1998
66 -l-double cét; ) OL | F - 66kV line 100/ cct. 2000

Note: Abbreviatidns

cct.
uc

circuit .
Ove:head Line
Underground Cable
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Table 5-11 Outline of the Installation Plan of Alternative 3

Substations
Substation - Installat1?n Plan : . Equ1pment as of the End off
Transformer Llne : Commls— the CommlsSLOnlng Year
. Equipment | sioning :
A 220/66/23kV 220kV, 2cct 1994 | 220/66/23kV | 220KV, 2ect
' 99/60/39MVAX 2 66kV, lect : 99/60/39MVAx2 | 66kV, lcct
B | 220/66/ 23k 220KV, 2cet | 1994 | 220/66/23kv ] 220kV,2cct
_ 99/60/39MVA%2 | G6kV, lcct ' - 199/60/39MVAxr2 | 66kV, lect
Limpio - 220kv leet 1994 ' 220/66/13.8kv | 220kV, S5cct
C...|'37.5/37.5/ - | 66kV,lcct
12.5MVAx]
66/ 23kvV,
' 4 . 20HMVAx]1 - :
Puerto Botanico | 220/66/23kV 220kV,3cet 1994 {.220/66/23kv - | 220kV,4cct
120/60/60MVAx1 - 1.120/60/60MVAXY 66KV, 2cct
San Lorenzo 220/23kV, - 1994 | 220/66kV, 220kV, 3cct
4OMVAx1 o 60MVAX2
' ' 220/23kv, 66KV, dect
' . “l 4DMVAX2 - '
Puerto Sajonia | 66/23kV,20MVAx! - ‘1994 | 66/23kv, 66kV,2cct
e L - 20MVAx3
L 66/ 23kv, 20MVAx ] 66kV,2cct 1996 | 66/23kv, . 66kV, 2cet
. ' T 20MVARD S
E 66/23kv, 20MVAx 1 66kV, 2cct 1996 |.66/23kv, 66KV, 2cct
- |2omvaxl. =
G 66/23kV, 20HVAxY 66kV, Ject 1996 -{ 66/23kv, - . | 66kV,3cct
o - 20MVAx3 B
A - 66kV, lect 1996 | 220/66/23kv . | 220KV, 2cct
99/60/39MVAx2 66KV, Zcet
Barrio Parque - 66KV, 2cet 1996 | 66/23kV, 66kV,bdeet
' o 20MVAX2. ' .
San Miguel 66/23kV, 20MVAX ]| - 1997 | 66/23kv, - | 66kV,3cct
‘ O 20MvAx3 |
K 66/23kY, 20MVAxT 66KV, Zect 1998 | 66/23kv, 66kV, 2cet
_ 20MVAX3 -
B - 66V, lcet 1998 | 220/66/23kV . | 220kV, Zect | -
: 99/60/39MVAx2 | 66KV, 2cct
L - | 66723k, 20MVAx] - 1998 ] 66/23kV, : . | 66kV,2cct
_ 20MVAR 2
Barrio Parque 66/ 23kv, 20MVAx ] - 1998 | 66/23kV, " }.66kY, 4ect
e T 20MVAX3 T
E 66/23kV, 20MVAX ] - 1998 - | 66/23k¥V, . 66kV, 2cct
. 20MVAR2: .
Guarambare 220/ 66kV, ' - 1998 | 220/66kV, . 220kV, Scet
37.5MVAx1 | © ] 37.5MVAX2 .
: 66/23kV,. - 66KV, 4eet
: : C | o20MvAxD L :
L 66/23kV, 20MVAxY - 1999 - | 66/23kV, | 66kv, 2cct |
20MVAx3 o
¥ 66/23kV, 20MVAx] 66kV,2cct 2000 |.66/23kv, | 66KV, 2cct
20MVAX2
Guarambare 66/23kV, 20MVAx ] - 1 2000 [ 220/66kV, 220kV, 5cct
' : S 37.5MvAx2 :
66/23kV, 66kY,4cct
20MVAX2 '
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(b)

One circuit of the double circuit, 220 kV
transmigsion line from Guarambare to Lambare is
'"pi“—branched and connected to Lambare Substation,
and the line is extended.to site MAM at the city
center. As the 220-kV 1inerpassee through the den-
gsely populated areas in urban center, it would be
impossible to extend this 1ine all the way 4as an
overhead transmissipn line. Therefore, cable heads
will be installed at a certain point on the line, and
the line will be comnected. to the new 220 kV substa-
tion (site "A") by cables. o

(ii} The 220 KV transmission 1ine from Limplo to Puerto
Botanico (one circuit of which is under construction)
will he converted to a double circuit line by

stringing another circu1t=

(1i1) A double circuit, 220 kV transmission line (with

‘transmission capacilty of 250 MVA/circuit) will be
construeted_from-Puerto Botanico to."B" (Ceballero

Park Site).
Construction of Primary Substations

Primary substations will be constructed at urbaﬁ center
sites "A" and "B". _2'banﬁe of”tﬁfee'phase, thfee winding
transformers (rated 220 KV/66 kV/23 kv, 99 MVA/60 MVA/39
MVA) and line connection bays for 2 circuits of 220 kV
1ines and 2 circuits of 66 KV 1ines._

The substation capacities have been changed from

Alternative 1. 1In order to decrease the nuﬁber of secon—

dary substations to be constructed at Micro Centro Area,

the 23 kv side'capecity of the eransforMefs installed in

Substations “"A" and "B" will be larger and the 66 kV side

capacity smaller than those in Alternative 1.
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(c)

(@)

- (e)

66 System Gonfiguration

The two_pfimérf suﬁs;ations, A" and "B" will be Intercon-
nected by a 66'kV system, and 66 kV ring eyetem will be

formulated around the Project Area in additiocn to the

_existing 220 kV system. An existing 66 kV transmisaion

1ine will be “pi"-branched into Barrio Pargue Substation,

‘and._the interconnection- between. the priiary San Lorenzo

Substation ahd Puerto Botanico.Substation will be

Strengthened.

New‘transmiSSieﬂ 1ines will be designed in such a manner
that no supply failure is caused even when a single cir—-

cuit 13 shut down.
Sacondary Subétatioﬁ

3 transformer banks, each 66 kV/23 kV, and 20 MVA in capa=-

-eity, will be installed (ihrthe final stage) in new secon-

dary substations as a rule, and the existing substations

‘Wwill be expanded to 3 transformer banks of the same
rating. The)bank utlllzation factor will be selected at

;Bozlsogthat.there is no'subpiy failure even when.l bank

goes out of service due to a failure.  When only two banks

'arejused and a failure occurs, a prompt load control

operation will be performed of a part of the load on the

substation will be switched on to other substetions°
Shunt Capacitors

Shunt capacitor banks Will be required in most substatlons
in order to keep - appropriate voltage levels. The capaci-
ties_of capeeitor banks requlred have been calcﬁlated
based on.a power flow celeﬁlation.' The capacities of
capacitor banks required to keeﬁ the sending end voltage

of 23 kv lines.at substations in the range from 100 to

104%, with the power factor of load assumed at 0.9, are

presented in Table 5-12.

- The capacitor banks will be installed in units of 6 MVAR

in the secondary substations, and in units of 12 MVAR in

5.- 37



Table 5~12  Installation Plan.of Shunt Capacitors

Year Installation Plaa’ -

Substation 1994 Ti997: ' 7 3 2°°°.- asTgiaéooo
A 12 MVAR x 2 | 12 MVAR x:l“f - 12 MVAR x 3

B 12 HUAR x 2 | 12 MVAR x 1 | 12 MVAR x 12 MUAR x 4

¢ 6 MVAR x 1 In 6 ﬁVSng 1 | - 6 MVAR x 2

L - 6 MVAR x 1 - 6 MVAR x 1

¥ - - 6 HVAR.¥:_ 6 uvaR x 1

K - - 3'6_ﬂVAR*x' 6 EQAR 2

PRT 12 WAR x1|* 12 wAR x 2 | 12 MVAR x 2 | 12 MVAR x 5

LAM - 12 WUAR x-1f X1 |12 MVAR x 2

‘12 MVAR

Shunt Capacito:s'required to be availabie.(MVAR)

Note:
Year 1994 - 1997 2000
LIM - 3 3
SLO 23 kv 12 60 60
66 kY 12 48 48
QUA 23 kV 6 6 18
66 KV - 30 42

5- 38
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(£)

primary substations, and capacitor banks will be connected

to the 23 kV busses tn principle,

The capacitor bank capacitiés required at the primary

_substations that serve as entrance to the Project Area,

Limpio, San Lorenzo, énd'Guarambare, are also given in
Table 5-12, but these values are given for the purpose of

reference. . The shunt capacltors at these substations must

‘be selected appropriately based on power system analysls

studies when the plan for expansion of 220 kV trunk
systems is to be studied.

Operating Conditions and Supply Reliability

" The dperating.conditions of power system facilities in

' Altérnative 3'i$ more.étringent than those assumed in

Alternative 1, and in some éases, prompt power system

switching and/or load control measures will be required

when a transformer failure occurs. For this reason, the

overall supply reliabiiity is expected to be reduced a

little as compared to Alternative 1.

-Also, as a large loop systems will be formed, this will

make the power flow control of the systems a little more

difficult.
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6.1

6151

6.1.2

CHAPTER 6 POWER SYSTEM ANALYSIS

_Conditions forV?ower_System Analysis

Power S&steﬁs Subjected to:Power3System Analysis

The power-flows and short circuit eepsctties of the future power

- systems have been analyzed by using the CASTLE computer code which

is owned by the Electric Power Development Co., Ltd. The pOWer flow
analysis studies have been conducted on the power systems in 1994,
1994, 1997 and 2000 under the peak load condition. The short cir-

cuit capacity calculations were done on the power systems in 1990

and 2000. In the power systems of-1990, on which the calculation
_was done, it was assumed that the 51ngle circult, 220 kV

.transmission 11ne from Itaipu - Limpio - Puerto Botanico was

ompleted at that Eime. The power systems assumed for the period
from 1994 to 2000 are the systems which are plauned according to
Alternative 3 described inm Chapter 5, "Power System Planning”.
Configuretion of 220 kV'Trunk Systeo""'-

It has been assumed that the power. systems of 1994 that the

'transmission line from Italpu to Limpio has been expanded to a

donble clrcuit line, and there are 5 circuits of 220 kV transmission

lines that run from the eastern power source area comsisting of

tIteipu:and Acaraj powet'plants?

:;In the power flow calculations, the transmission system from the

eastern power source area to the Metropolitan Area in 1997 are the

same as the’ system in 1994.

gIn the power systems of year. 2000, a power source at remote area is
. connected to Guarambare Substation via 220 kV transmission lines.
':In addition, transmission 1ines and shunt oapacitors, which are not
'Jincluded in ANDE's plan are -added. to thege ‘power systems. Such
e,modiflcations have been introduced in. order to enable the calcula-

tion on the planed system, ‘and this does not mean any proposal of

power system expansion by the JICA Study Team.



6.1.3 Power System Conditions for Power Flow Caleulation

(1)

(2)

(3)

(4)

(5)

Power System

The power flow calculations were performed on the normal power

system conditions as a rule, and sometimes it was assumed that

certain transmission lines are out of service, in order to pro-

vide reference information.

. Transmission Line Voltage

220 kV and 66 kV systems . 947~ 107/
23 kV sending end voltage : 100% - 105% as a rule

Voltage Control

The transformer taps were changed and/or power capacitor banks
were connected as appropriate in order to keep the 23 kv

sending end voltage within ‘the above range.
Load

Projected peak loads at each Year.

Power factor : 0.9
Supply to Itaugua_Ceaeupe,lParaguari,‘Quiindyrend Caapucu Areas

It has been assumed thet:the.powef'suﬁpiy.to the aboée”areas,_'
which are outside the Project Area will be secured from San

Lorenzo and Guaanbare Substatlons.'{'

The transformer capacities in these two substations have been
prepared d@s below from the point of view of“pewer'system analy-
sls studies. o

1994 1997 2000

SLO 220 kV/23 kV 40,' WA x 2 40 MVA x 2 40  MVA x 2

220 KV/66 KV . 60 MVA x2. 60 MVAx 20 60 MVA x 2

GUA 220 kV/66 KV  37.5 MVA'x 1 37.5 MVA x'1 . 37,5 MVA x 4

o



The power faecility expansion plan of this project, which is

given in Table 5-1l, includes the 220 kV/66 kV transformers at
Guarambare Substation iﬁ the year 2000 whose total capaclty is
37.5 MVA x 2, dut 1t implys faclilities required only for the

power supply to the Project Area.

The plan of power transmissiOn'to the aboverafeas, which are
outside the Project Area, must be studied together with the
study of the expansion of the trunk line transmission system

that conuects the power source area to the Metropolitan Area,

If the power for the ahove areas 1s supplied chiefly from

. Guarambarée Substation_in'the'year 2000, as assumed in this

power system analysis, the capacity of the 220 kV/66 kV trans-

. formers at the_substation should be 37.5 MVA x & as above

mentioned,

6.2 Results ofﬁPowerfsysfem_Analysis

mThe”poWer:ilow‘diagrams representing the power flow calculations are

given in Fia. 6~1. through Fig. 6- 12. The:short circuit capacity

”_vaiues of the power systems in the Project Area are given in Table

61,

The impedance maps used for these calculations are preseated in

”3Fig. 6 13 through 6=164

6,241 Exisiing Power'Sjstem (Power System'of 1990)

[

kY. loop system (under normal system configuration) in 1990 if

No' bottlenec& of power flow appears on the single eircuit, 66

jthe doad distribution on the 23 kV busses is appropriate. As

1oads can be supplied by the remaining circuits even when a

single circuit of transmission lines fails, it 1s expected that

-5 no supply failure occurs in this system.

2)

HOwevef; the 1oad distribufion among sﬁbstaitbns is currently
very uneven, for example, the utilization factor in Lambare

Substation is low,'and Lhose of Jardin Botanico and Tres Bocas

~ Substation are very_high. _Under such conditions, certain

tfansmission lines'aad transformer banks are heavily loaded,



Power Flow in 1990

Fig&6w1
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Power Flow in 19914

Fig.6—2

N9
g9 I+ LT oLl £+ 87T . .
02 1+ 2748 2'bZ 15 BES : 202 [+ &1L
B oy 092 L0 - g'9¥
103t 3 . oofraa “ow_%“o“” Qm.mmuuw.mm
000 . e o QR 1 BN GL ~ EEZ (- 5¢ o
. e g
20T | guz e sor sed0 Qmmi . e o pu e e
. _ TOETVEN ey - nJ et e [0 |
R : 0
T1-7 LE0t 2'82-7 1'96% . . .
¢ y R an W ggz-7 ggs | 0580 2267 L'207
<3 A - 1'52~7 LD0T Ny §'62-7 +'85
. 3 .
A0u 2t ' 7+ 988 2 2 < W
: > gWZ-7 5 [T £ s 5y 5'82-7 2'65 T
ior 4 gzt g%l f+ &8l . o h o
} 5 ~l ™ ) 11
] gLl t+9°g 9Ll [+ g5l 1 gorerez W
585 f+ 0021 TN ORI T T SR R T B §0-7 L5010
[, o .
O 8 582-7 £'18
957 0001 0607 . | 10272 _ LT e HEY co ¢
_ LA N
0sED ~ > 7 0860 Cosotene
. e R, TO P gy gt CET7 ER0T
. TEI-7 6207 5 T ¢ DTSR 081 w48
g5-7 LS50 T8I~ 9710 os ] oss0 7€ i+ 261 ' (4 951 |y | ¥smeeu .
el : ¢ . oz
2 & P ez gy ok
s 4827 £55 s By
o asm
M m m;. J.knu — € 1+ PEY e .V.oJr "
=t = L6+ PEP .
0460 I . o
g ¥LZ-7 €86 Q0Z 1+ 19 0S50
pt -t e . , BTE-7 21101
i L'0E-3 068 |>h £'8Z-7 v'B5
Lo
g IR N33
Ly s o
18d (SRS S WS ¥ I+ 812
et o D080 e r— -
2| 2 9] + 102 . 5l (1660 K9
o = 2'62-7 '8 82 1-£7v eer-Tems | .
o e o 1'08-7 §'96 §e-7 e
2l 5 au-nel 2 o Ny 1 :
= e 3 W a . Py:
T 0......» Aer &g - RV u\/“u .
a T g " lsreres C4E S Y C [ € BE (- g8 T e g2t
ng1 . AL = o b o] 0580
_ m:mﬂ o @,ﬂf N | OEFrTE mm,.
ST T+ BEYS . . S°01 T+:9°801 2l 4 U100 prgss = T 1 ey oo
"]~ Fesfesil ) TG [+ TSQ1 B2Z 1+ BEE. - N > N 0s60 v8e-7 ues :
el S iSOT e gYE - 21 i3 1707 = T . §9Z-7 €001 TBZ~7 ¥'8B
“oogr fzves fx 61220507 a7 T+ 1501 522 1+ 856, 0550 e 3%
007 oot §5-7 L'501 . ol | EPIEE
. L21-7 agor 0007 5Y2-7 E'6 §LI-7 696 . T
"] - + e Pl - ggso ! } s . .
TV =7 2N e T. o' i F.Mm S BT 556 . Y.
[(83R7%) 87A  [959@ WAW 00T 3% %) Df+d . C(¥B6T) MRT4 QY07 ABNOPYYd



Power Flow in 1997
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Flow 1n 2000

Power:

g'v 1+ °0L2

> o . '8 I+ g8t 0T+ ORI /_ X
§2-7 008 ggorr T ey 7 o'5gy : O'El + 08T 1720 L+ $'LBT . LEL L 08T
§'5-7 5007 ~ &g . - e TR TR et - ey
o cegbL ey 8~ 2'89 4o - §HE-7 4100
_nlv - oy N - LY, |>_. .
D S : - % D4 g ra ez prse=7 viol P ea ot
I - - i . . 0L T+ 08E
S | g2z 1+ 5789 - _“J nu g L Y 5
_ . TR rper e e asko |
NP .
W §Tg=7 ¥ . }
§e1-7 39.%/ 205 . e _L8E-7 9501
g e £'56-7 6001 < §58-7 9000
43¢ 0Bt 1+ 0'98 p AL 2 » o
F—— eaz-ris YT ) _ T qEress 3 a
gI- 1+ 084 &L s w03l i ' 24D : 9
. ] ala ) C 9 _ - - g o T
. g1 1+ 6031 i'g 1+ 9El . VRI-8%E & 0560 = | el f+ge =) *
B'BS 1+ 0708t G'6 F+ 3G¥1 | 95 1+ BLET WS ggz-7 51t I . FEE-7ELE nu * g _S. "o
2 i . @) = b
£5-7 0001 0601 | 2 a7 g2y 1= o2l o _£9e~7 901 [ —
. (Y , ~, £ 15 572 'ee-~7 001 79098 |gaey 1501
0 =~ > pEEND) 56 0 O g gyl %7 2501 1
YEI-7 SP0T L -8 R 00T fr sz : el b .
201-7 9'901 g91-7 820! o4s | 0560 8 T+ L'SE BE [+ 2°SE Loy ] 2L fv 288 - g'EE-7 2000
049 ‘ . o0 1 20 amn_m.a . i 9
cwf w “SIRE +8E-7 L7500 I
=l = gze-7 rem ¢ & 3
i B ey AR ) =
L z \._(n.u SEE-7 101 0860 . N 7 . _r e
& ® ' i€t~ 0'0g SEE-T S 0 ez o b
0560 T C e oo .
< §'6Z-7 L'501 ° S2ZT-O0EL : == 0550 )
PR 7E 841 T 98- 0l
7 : 0'se-7 m..mo% = gee-7 200t
2l Y. 2 N3D
S T o :
184 S / WS | 4 Duteoee hA
. e o S e T +
o = 65 f+ GEZ 99 [+ T o 2
oy $EZ =167 §'€E~7 17101 .
el : DL LeET @0 goe=7 Eaor
et ol Qu-nd] 2 T .9 : : =) .
_ ¥ oy A _ o\ Ot oB
. @ C T 07 warfeon TGT T+ b a3k %.. g
ol AT e = cesa o T T
: o : > > 0869 | .
oty e ot d : , ger f+ 0'sg 021 F+ 9758 S
YLD T 9EEY S ser : ECARRIIE R ~ T '82-7 998 N I A
~ B eeelo vefyyse e g1l N 3 eseol ., . ] . g€~ 5001
N . : o 5t I+ SLIT . 8¢ [+ 97811 T o'8E-7 20l . L'EE=F G100 ..
000 - 'S fr ggrel 080T T8 17 5l &g B8 | pesn : 3 b
0107 0003 §6-7 L'801 Tt e IR : y | St I-oo
L1 -7 g1 Q00T 7 ves vee-7 eopr 60 S .
-7 T g 4 g . 0501 sz wem
_ B - 4151

[89P7%] 87A (3523 LAW 001 18 % DBf+d

(0002) MOO4 Q0T AUNOYYEd

L



Power Flow in 1994

Flg.6-5

LAM=—A 66kV Line Out of Use
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1997

Power Flow 1in 199
LAM—A 66KV Line Out of Use

Fig.6-6
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Power Flow in 2000
Use

Fig.6—7

LAM—A 66KV Line QOut of
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Power Flow in 1997
LAM—A 66kV Line Qut of Use
ACY—~GUA 220kV Line off

Fig.6—8
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LAM—A 66kV Line OCut of Use
LIM-SL.O 220kV Line off

Power Flow in 1997

Fig.6~9

— e T
¥no
8T 1+ 588 . 2120+ £'83 ey g
182 1+ €0 gz lraz0l | . - P fes o
. S . oy 0% ! 02 t- 1'3t
51 7 078 . gz i-sor J g . Wu.mmh. 1'eé
- : . _I||.v e freg=> w68 - L
R B R R R e B L9+ ELE
Ty | Lot te s - | oogt R % % oo oB e et 1
_ A R 0560 V6 (2 g8t - —n
. ) D . 5EE-7 'TH L .
g7i~7 SH01 16E-7 8710 P e R T L TTee7 Te
o . 8'LE-7 566 |8 z9e-7 295 -
A0W : N =28 - SR h o5d
S01 te 0s fE . mt.,)( L y
——>  #26-759 [ _ e ...._m.+ S8 ol
o 5 0691 ' I+ 0641 : ol o 2y gt
sy | et | o 8| RN AN _ S . o
. 997 1+ 47021 LTi=sget) S A zerevoe W = eseo s 4 BT I+ Lt
¥0L T+ 08 T o TF v T oa 0S89 gre-7 zzor ) Lep-r e o m - _n.m_ i
Sy . - S < - : omm.a_ 2 .
Cr - Sh 8 . =8E-7 8001 q
EL-7 808 060 T m.ﬂ. 7 m,..wm SN TR : | wereen . | 0E
. RE> - > . ~Toksn | t0r-g1r 6'LE~7 ¥ ¥SZ 4 562 - Jegp-7 gnt
) et b} - e OP=7 201 : 1 . e
: b1-7 o g 1+ L9, 2y - raptl L'LE-7 BB E =
: Bbz-7 5101 e (LY TL (- 838 : D8 b8
177 1780t g1-7 9101 ons{ oot £7 tr 81 1 (e 2 N ] FOTHETE of o 1EE-7E®
. . - 3 SR
, 003 : S -
. B . 1
p| ] B o un= reo "
ol = | &
e . -y o i . b PTE (I B2
gl < oogy & 1 B1ET-wos BUSTIEE OSED 5y gy .
. T'9E~7 0001 P e LhL : ' omma_m.o..v..u. ehoor
- 28 -
~| 9eE-7 0B oee-7 588 H 08E-7 06
. ~ N3J
_ D)
L84 LR e [y | @aiTeauE
: ©|ese 0 e T o LT T
2l o gEf- 00z 1€ (- 660 s
by B EULE=7 85 - I r-ge¥ 6'LE-7 186
. . =7
o = & >  L'BE-7 D66 gor-7 vt
218 au-nal o S t .
W13 0 a 85 ~
* N of] o ’s * & ~ER e
,_eo/ %Y gzeer1ee O SS > SggC [ © ; 11+ e 11 f+ L9
ndl ALl % A ] oseo
-0 £
- o,o L jgerezu a .
g'851 [+ 7549 LTI 64 gt 75 L4 292l pe T L'ze-7 ¢ .
0725 [+ L'LEE Tgrzr fe oTEY [ 26 f+ 2811 3 Y 3 0580 - i
) LTt peel 8 te 221 . VG- 566 TLE-7 '8
goot 0ves f+ L'2eel 06067 €21 fr gl | 26 f+ 27801 000"t o Ele”] ,
. N e
807 0001 gT1-7 17901 T ] : - o | Lries .
gl -7 grggr ©00°7 80E-7 086 yeg-7 1°66. ST ~ 0% T ] _
. 17 L ! . i I 056D :
B -7 U101 g re gpd ap-rgyp T Q0 :
[®2P7%] 87A [85BE UAW 001 38 ¥] Of+d , . o (4BBT) MDT4 OB0D7T AUNILEBEd

6~ 12



4 Flow in 1997
LAM—A 66kV Line Out of Use

B—CEN 66kV Liine off

Power

Fig.6—10
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Impedance Map in 1990

Fig.6—13
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ITmpedance Map in 1994

Fig.6—14
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Impedance Map in 1997
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(3)

and substantial load control measures would have to be exer-—
clsed when a fault occurs on a transmigsion line or trans—

former.

The power systems willl be opepated'with this systenm con-
figuraﬁionjuntil 1994 when a substantial_expansiOn_pfégfgm is
started, Power systems under thése éonditions have:iﬁsdf~
ficlient supply capability, and it would become impossible to
resoclve bottlenecks even 1oad distribution among substations is
adjusted to the optimum pattern. It would be required to
implement prompt load control measurés when a transmission line
or a transformer fails in order to prevent overloading of '

remaining facilities,

6.2.2 Future Power Systems

(1)

(2)

(3)

In establishing the power system plan, sufficlent con-
giderations have been given to make use of exiétihg
transmission lines as much as possible to creéte loop systems
in areas where sﬁortage of transmissidﬂ cépécity is antici-
pated, and to apply prompt load control (sysfem-configuration
switching, load restriction, etc.) when failuare occurs.
Therafore, o problem will be encountered in power system
operations in each year as long as the power systems are

operated under normal configuration.

However, it is necessary to install powér capacitor banks in
new substations (including Puerto Botanico Substation) in order
to maintain proper system voltage levels} In addition, the
trénsformers to be installed in new substations must be
equipped with tap changers which.are éimilar to those provided

on existing facilities.

The trunk transwmission lines connecting the eastern power
source area to the Metropolitan Area must be expanded to at
least 5 circuits by 1994, and then expanded again by 1997. 1In
addicion, substantial amount of power capacitor banks.will have °
to be installed in 220 kV substations in order to maintain '
proper voltage levels, and this must be studied in conjunction

with the expansion plan of the trunk transmission system.
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(4) The uSefulﬁess'of_the‘existihg'GG'RV transmission line from
Lambare (LAM) and Puerto Sajonia (PSA) has been examined by
power flow calculations by assuming such a system counfiguration

‘ tﬁat-the 66lkV line is counected to A" gubstation through a
uﬁﬂ branch'énd'foﬁ theicéses_that the 66 kV line from LAM to
AN 4g @éed (Fig.6~2 through Fig. 6-4) and it is not used
{Fig. 645'thr6ugh Fig.'6—7). The calculation indicated that
the power flow of the section between LAM and "A" is very
gmall, being 0.2 to 4.7% of the power flowing through "A"

- Substation, with most of the power flowing on the 220 kv
transmission line. Therefore, this 66 kV line 1s practically

meaningless, and it could be decommissioned.

(5) On the basié of the power system configuration that the above
agsumed Géfkvﬁline'from LAM to "A" is out of use, the power
flows in the foilowing abnormal conditions of the system have

been calculated,
For 1997:_ ’

i) ACY ~ GUA 220 &V transmission line is not used
(Fig. 6-8).

11) .LIM - S0 220 %V transmission line is not used
(Fig. 6-9)..

iii) B -~ CEN 66 kV transnmission line is not used
(Fig. 6-10).

For 2000:

i) LIM - SLO 220 kV transmission line is not used
- (Fig. 6-11).

i) A -G 66 kV transmission line is not used
(Fig-.6“12)o

(6) When_ﬁhe 220 kV transmission line from Acaray (ACY) to
o Guarambare (GUA) is out of service (Fig. 6-8), the power system
voltage is_substaﬁtially reduced and it'may not be possible to

opefate the system stably. Therefore, it is necessary to
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62,3

6.2.4

implement the power system reinforcement which has been

diacugsed 1n Clause (3).

(7) Even when the 220 kV transmission line from Limpioc (LIM) to San
" Lorenzo (SLO) 1s out of service (Fig. 6~9, Fig. 6-11), no
problem is encountered because there are 66 kV interconnect{ons

from Puerto Botanico to San Lorenzo and from "A" to "B,

(8) No problem in power system operation, i.e. overloading, will be
encountered when the relatively heavy load 66 kV transmission
lines, such as those from "B" to.Centro {(CEN) and from "A" to

"GY¥, are put out of service (Fig. 6-10, Fig. 6-12).
Power Supply Reliability

The current power systems are such that the supply capacity will
fall short within a few years even with the normal system con-

figuration.

In future power systems, it is so planned that sufficient supply

margin is provided for the projected demand. Also, as most substa-~

- tions are éupplied by two circuits of transmission lines having dif-

ferent route, it is anticipated that no supply failure will occur

even when a single circuit of transmission line fails.

When a transformer fails, however, it may be required to switch
system configuration on the 23 kV side or exercise load control.
Particular attention must be given on substations having oaly 1 or 2

banks concerning this possibility.

In addition, 1t is required to maintain appropriate load distribu-
tion on substations and avoid to place heavy load on certain substa-—

tions.

Short Circuit Capacity

(1) The results of short circuit capacity caleulations are pre-
sented in Table 6~1. The caiculation was ﬁerforﬁed based on
“the powér gystem in 1990, and assuming that 2 units of Ttaipu
Power Plant and 3 units of Acaray Power Plant:were connected to

the power system.
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(2)

The short. circult capacity calculation was also performed on
the power system of khé_year 2000, and it was assumed in this
case that 3_units of Itaipu_Poﬁer Plant and 4 units of Acaray
Power Pladﬁ, plus 2 more units of Ttaipu Power Plant or

Yaéyreta Power Plant were connected to the power system.,

In all cases, the values of generator impedance are based on

'Vthe subtransient reactance (xg").

In the power system of the year 1990, the 3-phase short circult

current does ndt[exceédrthe interrupting current of a circuit

- breaker in any substation.

In the po@er syatem of the year 2000, the 3-phase circuit

~‘current on the 23 kV busses will become 14 - 15 kA in San

Lorenzo Substation and Lambare Substation, exceeding the

- interrupting current of 12.5 kA of the existing circult

breakers.. Therefore, the circuit breakers whose capacities

become insufficient must be replaced, or some measures of

- limiting the short circuit current must be provided.

‘The time when this measures must be Introduced depends on the

expansion program of the 230 kV power systems that supply power
from the eastern power source area to the Metropolitan Area,

but probably it will become In around 1997.
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3-Phase Short Circuit Current in the Project_Area

Table 6-1

in 1990 and .2000
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7'1'1

CHAPTER 7 TRANSMISSION LINE AND SUBSTATION PLAN

Trangmission Facility Plan

Current Status of Power Transmission Faclilities

The transmission systems in the Project Area is 1llustrated in

Figure 7-1. The details of current transmission facllities, those

being constructed and the related future plan are presented in
‘Table 7-1 and Table 7-2.

(1)

(2)

(3)

The main 220 kV transhiéSion systems supplying the Metrdpolitan

_Area consist of three 220 kV circuits, with two running from

Acaray Power Statiqn to San Lorenzo Substation, and one from

- Acaray Power Station to Lambare Substation, In additionm, three

290 kV circuits are under comstruction with scheduled com=

mission dates in 1990, one circuit is from Itaipu Power Statiom

to Limpio Substation, another circuit from Limpio Substation to

Puerto Botanico Substation, and another from Limpic Substation

to San Lorenzo Substation.

_The 66 kV transm{ssion systems in the Metropolitan Area supply

. pOWer to the Project Area of this study which include Asuncion

City and its surrounding areas, and the county areas which lie

to the east and southeast of Asuncion City. The 66 kV system

‘supplying the county areas is a single circuit radial system

that branéhes off from San Lorenzo Substation. The section of
this transmission line from Guarambare to Itaugua Substations
is now beiﬁg constructed. Guarambare Substation will be the

key substation supplying these county areas in the future,

'The 66 kV system in thée Project Area forms a loop system, with

tﬁe two 220 kV substations, San Lorenzo Substation and Lambare
Subsfation, functioning as the source of this 66 kV system.

When the 220 kV Puerto Botanlco Substation, which is now under
cbnstruction,-is completed, there will be three key substations

supplying this 66 kV system., These three substations are

- located roughly at. the three apices of a triangle that contains

.\the Project Area,
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The méin ﬁért.of the 66 kV trdﬁsmission lines has been
constructed in 1968,'and then 1t has been expanded and
strengthened-in 1976 and 1987.. Currently;-a transmission line
is belng constructed from Guarambare Substation to Villeta

. Subs;étion. All transmission lines of this system has a single
circuit, and their conductors are small, Therefore, although
there is sufficient supply capacity under normal conditions,
the transmission capacity falls short when there is a single

circuit failure, leading to supply faillures.,

As of the . end of 1988, the aggregate clrcuit length of 66 kv
transmission lines was 107 km; consisting of 93 km overhead
lines, and lé.km underground cable llﬁes. The conductors of
overhead lines are 300 MCM and 636 MCM ACSR. Most of support
structures are steel masts, but steel pipe poles are used in
some parts., The underground cable lines are directly buried.
The .cables are 300 mmz X LPE copper cable and 150 mmZ OF copper

cable.

(4) It is é;pected that the supports of 66 kV transmission lines in

‘ the Projecf Aréa'will be usable for a consideréble time to
cone., SuBstahéiéi numbers of high voltagé, mediﬁm voltage and
low voltage lines have been constructéd'along éxisting roads,
and there are many roads along which power lines are built on
both sides of roads. In urban areas, construction of new power
lines is becomiﬁg more and more difficult. However, more

overhead lines can be constructed in the suburban areas.

74102 Traﬁsmission Line Planning Conditions

Ag mentioned in Chapter 5, three alternatives were considered in

planning the transmission facilitles in the Project Area.

Discussions were held with ANDE based on Alfernative—l_and
_Alternativef2, and it has been agreed upon by the Stqdy Team and
'ANDE.that Alternative~3, which is a modification of Alternative I,

was to be selected és'the basis of the plan. Baséq on this
AiﬁernatiéeES, the foiloﬁipg basic qonditions'were considered for

thé'tfénémiséioﬁ line planning.



(1)

(2)

Effective Utilization of'Existing Facilities

Although the service life of transnission facilities are
defined as 30 years -according to ANDE's standard, most of 66kV
transmission lines have been built in 1968, and this means the
service spans of these lines will exceed 30 years by the year
2000.

However, we shall plan not to refuroish_or.replace the facili~
ties which have been used beyond their service lives, but to
continue to utilize these facilities. _However, concerning the
transmission line route of the 66 kV line between LAM and PSA
{part of which support structures have  been built in 1987), the
section between LAM and "A" will be used for construction of a
new 220 kV transmission line, and the section between "A" and
PSA will be used by the existing'66'kv-transmission line.
Although the possibility of utilizing the existing 66 kV
transmission line from LAM to hAﬂ;:in*psralleliconneetion with
the 220 kV transmission line, has been studied, the power that
flows on the 66 kV line in this system configuration will be
very small, be1ng 0. 2 to 4.7% of the total power flow of "A"
Substation, as discussed in Paragraph (4) of 6- 2—2 in the pre-

ceding Chapter.

Considering the cost incurred for the Equipment (GI8 for.line
connection) required for "m"~comnecting one circult of the 66

kV line, such a plan is not economical.

Concerning the existing transmission lines wﬁieh will become
unnecessary by this PrOJect it shall be our policy not to
dismantle the facilities unless they present obstacles, but to
preserve them as reserve transmission lines or utilize them as

distribution lines. .

Meteorological Gonditions

The meteorological conditions of the Project Area have been

assumed as presented in Table 7- 3 based on the data found in
documents collected by the Study Team and in reference to the
design conditions of the transmission 1ine from Limpio to

Puerto Botanico which is currently under construction as

Phage-~4 transmission line project.

7-8
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Data Collected | - Phasé¥4 Adopted

in This Study Trans. Project | Value
Maximum Temperature (°C) .+42;0 | +40.0 +40.0
Minimum Temperature (°C) - 0.6 - 5,0 - 5.0
Average Temperature {°G) C422.6 | +25.0 ~+25.0
Maximum Wind Vélocity (m/s) _33.3. ' -.34.0 34,0
IKL (occurrencies/year) ' 60 - .60 60

(3) Salt and Dust Pollution

(4)

Although there is no measured datuﬁ'on-sait and dust poliution,
it can be assumed that there Qill be pféétically no'poliution
considering the distance from sea shore”(afound 1300 km from
the Pacific shore and around 950 kﬁ from Atlantic shore), the
absence of pollution souréés;‘as well.as,the number of insula-

tors used in past line designs,
Transmission Line Route Plan_

As the transmissiod routes have not'been éxplored and surveyed
by ANDE, the Stﬁdy.Team_pfdpbsé& the reébﬁmended routes based
on the exploratiod of'the Team members. TﬁeSe routes are pre-
sented in Figure 7-2 (in 2000), and the outline of facilities
in Table 7-4. '

The aggregate léngthé of transmis?ion lines-which are planned
in this Study for cosnstruction are 9.5 km of 220 kV double cir-
cult overhead transmission 1ineé, 28 km'.of additienal 220 kv

circuit strung on the existing bverhead ;tansmission line, 2.0

kn of 220 kV underground cable lineé, 21 km of 66 kV overhead
transmission lines, and 11 km of 66 kV underground cable lines

(single ecircuit).

The water level fluctuation of Rio de Paraguay is.p:eéented in
Figure 7-3. The height of the foundation ¢rest of transmission
line support structures and the cable burtal locations must . be

determined in reference to these data.
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Fig. 7-3 Max. water level ~ Asuncion
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7.1.3 Overhead Transmission Line Plan

(1) 220 kV Overhead Transmission Line

(a)

(b)

Support Structure

Cbnsidefing that transmission lines run along Rio de

Paraguay and urban streets, it 1s recommended to' select
three types of.support_SCructure, the steel towers, steel
poles and steel pipéfpblés; appropriately according to the
route, loading conai;ions; etc, The standard designs for
these three types of_structures ére presented Iin Figure

7-4 through Figure 7-7.

Conductors

The conductors must be selectéd appropriately according to

the t:aﬁsmission capaclty réquirement, the electrical
potential gradient on the conductor surface, and the
requifed mechanical skrength. The 950 MCM ACAR and 954
MCM ACSR (Cardinal) are used in existing transmission
lines. As we examine these conductor types, the_curfeﬁt
capacity at 80°C coﬁductor tempéréture is sufficient for
the required transmission capécity; and the maximum
electrical potential gfadient on_tﬁe conductor surface is
a value that cause no partiéular brdblem.'-Therefore; it
is planned to generally use 950 MCM ACAR for this Project,
and 954 MCY ACSR (Cardinal) conductors in locations where

particularly high tensile strength is réquired, such as a

~ long span crossing. It is plauned to attach dampers and

arwor rods in order to reduce the vibration fatigue of

conductors.

The 950 MCM ACAR and 954 #MCM ACSR conductors are:uséd for
the transmission lines between Lambare and Guéra@bare, and
Limplo and Puerto Botanico suBstations, and tﬁesé lines

are operated with normal_tranémission capacity of 175 MVA

with the conductor temperature of 60°C.u

However, as we examine the conductor performance, these

conductors can be satisfactorily operated at 80°C. tem-

7~ 16
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Fig.-,?.-.-ai-  220kV. Typical type of 'suspensioh tower
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Fig.7-5 220KV Typical type Qf-"SUSpensionsfeel mast
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- Fi'g'."??G" 220 kV "fry'picdlt “T’ype. of steel pipe tower
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Fig.7-7 220KV Typical type of steel pipe Tower
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()

(d)

_ perature. Therefore, the required ‘transmission capacity

of 225 MW can be assured by raising the conductor

operating temperature from 60 C to 80°C. However, the

ground clearance and clearance with other objects in these
sections nmust be checked in raising the conductor

operatihg.temperature to 80°C.
Ground Wire

The-same greund wire with the exlsting transmission lines,
the 3/8" EHS, shall be used.

‘Insulator

Suspension ineﬁlators, 1ong rod insulators and line post

_ insulators will be used as appropriate according to the

support stfhcture typE'and Ioading., The material of insu-

lators shall be porcelain or glass.

(2) 66 kV Overhead Transmission Line

(a)

(b)

Support Structure

The support Stlucture shall be selected from steel pole
structure and steel pipe pole structire according to the

line route and mechanical loading.

.The standard fype of supports are presented in Figure

7-8 and Figure 7-9.
Conductor

The conductors shall be ACSR conductors used in existing

iliees.

a The'conduetqr eize.ehall-be determined mainly by the

" required transmission caﬁacity,?elecﬁrieal potential gra-

dient on eonductbr surface and required mechanical

“strength. - que?er,_the last.two factors will not be of

particular problem {n this 66 kV transmission Project.

The require& transmission cepecity'of 66 kV overhead

_'transmissipn lines of this Project is clasgified in to

7.-.21



'Fig. 7-8 66k\("Typich typé ‘of_'s@Te'eI mast
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Fig.7-9 ~ 66kV Typical type of steel pipe tower
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(¢)

(d)

(a)

45 MW and 90 MW.

Thé'réQGired tfaﬁém{ssién'capaéity'df_45 MW 1§ the same
with those of existing lines,-and the 300 MCM ACSR
(Ostrich) is cutrrently used im these lines.

At the traﬂémission capacity of 45 MVA, the conductor tem~
peraturé reéches approximétely 90°C (with thé ambient tem-—
perature 6f 40°C). As this valué is allowable in
referetice to the performance of éhis conductor, the:300
MCM ACSR {Ostrich) shall be used?iﬁ this Project. for the

line with required transmissioh:éapacity of 45 MW.

The conductor to be used in transmission lines for which
the required transmission capacity'is_QO MW, a conductor

gize equivalent to 954 MCM ACSR {s-selectedu
Ground Wire

The same ground wire as with theé existing lines, the 3/8"

EHS shall be used.
Insulator

Suspension insulators and 1ine-ﬁo§t insulators shall be
used according to the support structure design an&,logding
conditions. The material of ihsulatbrs shall be porcelain

or glass.

7.1.4 Underground Transmission Line Plan

(1) 220 kV Underground Transmission Lines

Cables

The type of cable shall be'Selééﬁeﬂ by consideriﬁg coét,

‘ease of comstruction work, ﬁaiﬁféihahility, etc, The

types of cable examined in this Stddy“were OF cables and
XLPE cables, Coﬁsidering above factors for cable gelec~
tion, and the state of recent cable technology'in Japan,

we gselected XLPE cable.based on an overall judgment.

7 - 24
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(b)

The cable conductor size is determined by the required

ttansmission capaéity, and it is also affected substan-

7'Eiéliy 5y'fhé Eaﬁié'BUfiaiiﬁétﬁod to be used. 1In'this

Project, the conductor size selected ls 800 mnZ in con-

sideration of the transmission capacity of 225 MVA.
Cable Burying Method

The direct burying method has been selected, because the
construction work is easy, the construction cost is low,

aad the coastruction period is short with this method.

The standard procedure of cable burying method is

illustrated in Figure 7-10.

(2) 66_kV_Undergr6und Transmission Lines

(a)

(b)

-Cables

The-cable ﬁsed in this Project shall be the XLPE cable

which is cur;ently used by ANDE for 66 kV underground

1ines.

The coﬁduqtqr,size is tcvbe_determined by the required

transmission capacity, and there will be two classes of

“transmission capaclty, 54 MW and 90 MW. The XLPE 300 mmZ,

-which 1s currently used by ANDE'for thé same transmission

capacity, shall bé used for the transmission capaclty of
54 MW. ¥or 90 MW transmission capacity, the XLPE 800 mm2
shall be used.

Cable Burying Method

~The cables shall be buried directly for reasons which are

ghe same with 220 kv underground lines. The standard
bﬁryihg nethod 1s also the same with 220 kV underground

lines.
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Fig.7-IC Typical Direct Burying Method
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